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ENA, JUAN DE, one of the [talhanzing Spanish poets 
of the 15th century, was born at Cordova about 
1411 We are mformed by Romero, to whom we are 
indebted for almost all we know about his life, that he had 
attained the age of twenty three before he began to give 
hgmself to “the sweet labour of good learmng, pursuing a 
regular course of study at Salamanca and afterwards at 
Rome 4% was at the latter city that he first became 
acquainted with the writings of Dante and Petrarch, which 
afterwgrds so powerfully influenced his own style Having 
returnede to Spain, he became a “‘veinticuatro, or magis 
trate, of his native town, and was received as @ poet with 
great favour at the court of John II , being made Latin secre 
tary to the king and historiographer of Castile He died 
suddenly, in consequence of a fall fiom his mule, in 1456, 
at Torrelaguna, where the marquis of Santillana, his friend 
and patron, erected his monument and wrote his epitaph 
De Menas principal work, £ Laberinto (“The Labyrinth ), 
sometimes called Las Trescentus (‘ The Three Hundred ) 
from the original number of its stanzas, 1» a didactic 
allegory on the duties and destimes of man, obviously con 
structed on the lines of the Dunna Commedia of Dante 
The poet, while wandering in a wood and exposed to the 
attacks of various beasts of prey, 1s met by Providence in 
the guise of 4 bevutiful woman, who offer. to guide him 
safely through the dimgers which surround him, «nd at the 
same time to explain—“as far as they may be grisyed by 
human understanding — the dark mystunes of lite that 
weigh upon his spirit He a then lud to the spherical 
centie of the five zoncs, where he sees the thrve wheb of 
destiny, the past, the future, and the present, and the men 
belonging to ch, aranged in the scven circles of planctary 
influence Oppoitumty 1 thus afforded for a vast quin 
tity of mythological and Instornal portruture the best 
sketches aro those of the pacts own contempotanes, but 
the work m general 1s much disfigmed with all sorts of 
pedantry, and hudly ever attams to mudiociity as a poem 
The Labcrunto was fust punted at Seville in L496 Nunez 
nd Sanche, accompancd it with commentarns m 1499 
aud 1582 respectively and it 15 still garded with a good 
deal of revervnce by the Sprmards as the “maznum opus ’ 
‘of thor “Enmus ’ De Muna was the author of a number 
of mator poerfs or “vers de socicti,’ wutten murcly for 
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court circles, and having neither general interest nor per- 
manent value, most of them are to be found in the 
Canconero General He also wrote a poem entitled La 
Coronacion, the subject bemg the “crowning ’ of the 
marquis of Santillana by the Muses and the Virtues on 
Mount Parnassus Finally, his Svete Pecados Mortales 
( ‘Seven Deadly Sins ) is a dull allegory on the antagonism 
between reason and the will of man Complete editions 
of the poems of De Mena appeared in 1526, 1804, and 
1840 

MENAGE, Gruuzs (1613-1692), deserbed by Bayle as 
“one of the most learned men of his time, and the Varro 
of the 17th century, was the son of Guillaume Ménage, 
hings advocate at Angers, and was born in that city on 
August 15, 1613 A tenacious memory and an early 
developed enthusiasm for learning carried im speedily 
through his literary and professional studies, and we read 
of him practising at the bar at Angers as early as 1632 
In the same year he pleaded several causes before the 
pailement of Paris, and soon afternards he attended the 
“Grand Tours at Poitiers, but after havmg been laid 


| aside by a severe illness he abandoned the legal professio: 


and duclired his intention of enterng the church He 
succeeded in obtaminz some sinecure benefices, and lived 
for some years in the household of Cardinal De Retz (then 
only coadjutor to the archbishop of Parts), where he had 
ample leisme for his faxourte liturary pursuit, Some 
time after 1648 he withdrew to a house of his own in the 
cloister of Notre Dame, where bis remarkable conversational 
powers enabled him to tather round him on Wednesday 
evenings those much frequented hte uy assemblies which 
he called ‘ Mereuriaks © His learninz procured for hin 
admission to the Dell Crusean Acadamy of Florence bu 
lis miepressble tendency to caustic sirasm ted to bi 
remorseless exclusion fiom the French Academy — He died 
at Paris on July 23, 169? Of the voluminous work 
ot Menaze (fully enumerated m the Dictronn ure of 
Chauffeprd) the follonmg may Le mentioned — Ora zmies 
deta Tan que Dram re (1000 neatly eularged m 1094) 
Diogenes Tac tius rr ee et Ltine can Commentario (1668, 
and ayun much impoved in 1692) Poemata Latina 
Gallua, Grea e Ite a (love sthed 1687), Oran 
della Lingu Italiana (1009) and et ae (1690) 
AVI -- 1 
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After his death a volume ot Wenagana was published , 16 
was afterwards cxpinded mto two, and, with great addi 
tions, mto four im the Pans edition of 1715 

MENANDLR, the most fumous Gieck poet of the 
New Comedy, which prevailed fiom about the deith of 
Aluuanda the Gicat (323 8¢) to 250) He was born at 
Athens in 342, ana died, it was said, by drown in the 
harbou of that aty (Pans) m 291 Thy social tastes 
mduced him to wiute plays rather for the upper clisses, 
and to 1aisc comedy to a gentility which it had hardly 
possessed in the hands of the preceding comic poets He 
was the associate, 1f not the pupil, of Theophrastus, who 
himself had Incn a disciple of Plato and Aristotle, and he 
was the timate friend and admirc of Fyncurus but he 
also enjoyed the more distinguished pationage of Dc metrius 
Phalercus (who was hewise a pupil of Theophrastus), and 
of Ptclemy the son of Lagus? Has principal irs alm the art 
was Philemon, who appears to have been more popula with 
the multitude, ind for that rcason probably more successful 
Tt 15 sud that out of a hundred comedics Menander gamed 
the prize with but asht All the extant play» of Turcnce, 
with the caccption of the Pharmio, are avowedly taken 
from Menanda but some of them appear to have becn 
adiptitions and combinations of moie than one plot, 
althoush ference himself sis im the prologue to the 
Addphi (11) that he comed the Gicck model closely, 
‘verbum dc varbo capressum catulit Julius Casar 
called ‘Furence diuadiatus Men oda, as i two halves of 
different pliys had been fitted into one ? 

The Atth New Comedy, says Di Wagna,? “may be 
designated as cssentially domestu, te, as opposed to 
that free discussion of the politics of the day which give 
to the Old Coincdy the plree which as held by the ‘ Ievding 
articlis’ of a modan newspiypa f The stock chuacters 
were such as the stern or weak fitha, the son whose 
tolhes are seconded by a slave or a hungry parasite, the 
pettifogger, active mm Stumm up law suits, and the gascon 
aiding soldier of fortune * ‘These and comate subjects, 
which formed the stock m trade of Menanders plays, are 
summed up in two well known lincs of Ovid— 

“Dum fallax savus durus pat 1 nnprola lena 
Vavet, dum imeicti1a Llandit Mcnandios crit 
It 1s a good remark of Dr Wisncrs that the last mentioned 
of thes, the merdria (lindt (which probibly refers 
especially to the Zhazs), ‘ holds thc most important and 
conspicuous part in the New Attic Comedy, while married 
ladies are continually represented as the plague and bore 
of thar husbands lives” Tntignes with these, generally 
through the medium of a clever confidential slave, ate for 
the most part the very pomt or pivot on which the plot 
turns 

The more hterary Romans greatly admired Menander 
esa poet Phny (V WZ, a3 1,§ 7) speaks of him as 
‘ Menander httuarum subtilitati sme vmulo genitus’ 
Propertius, contemplating a visit to Athens,® anticipates 
the pleasure of 1cading Menanda in his native city — 

Persequar aut studium linguz Demosthenis arma, 
Libsboque tuos, scite Menandre sales 


1 In allusion to this Plny wits (¥ 27, vu 30 &171) © Magnum 
et Menandro tn ccum > sore testimonium regum A’gvpti et Mace 
Homa contint class ¢t yer | giton petito majus ca ipso, regia 
fortune pralata hitterarum ¢ nscientiz This scems t> say thit 
Menander had been invite! to the courts of Aleaander and Ptolemy 
as Eunpides hid been to thit cf Ar helaus hing of Ma edoma but 
had preferre1 to write comedies for the Att: staze 

2 Thus the 4adri: He sutor tamorumen s ani Hecyra are deseribed 
severally in the feud: prefixed as Grreca or ¢ tt Graca Menandru 
The Bunuch wd Timorumenos are erh based on two plays of 
Menander, and the Ad (gh: was compiled partly from Menander and 
prtly fiom Diphilus 

3 Jntratuchion to Terence, p 6 (Bell 1869) 

* Professor Jebb, Premer of Greed Literature, p 101 

5 Ctsup,p 7 Sél,w 21 27 


He clsewhere speaks of him as “mundus Menander,” 
neat, tursc, and urbane and his skill in depicting the 
character of a fascinating Thais 1s alluded to here and 
mu 6,3 — 

‘Tuba Menan let fuerat nec Thados olim 

Tanta, in gua poy ulus lusit knichthonius 


Of this comedy, the Zhai, Professor Mahaffy remarks? 
that perhaps it was the most brilhant of Menander » plays, 
“the manners and characters of the peisonage being painted 
with thorough gaperience as well as genius” Nevertheless, 
only five verses of this play have been preserved to us, one 
of which is that quoted by St Paul (1 Cor xv 33), “Evil 
communications conupt good manners” The same critic, 
in praising Mcnandeis style as the purest model of the 
New Attic, olacrves that a remarkable feature of the New 
Comedy was “its utter avoidance of rhetonc’ (p 489) 
The fluence which this art had on Euripides 1s yell 
hnown Sophocles was uot wholly exempt fiom a kind of 
ihetorical pedantry, and the speeches m Thucydides are 
so many exciuscs of the author in that art But, as 
thetoric peitained essentially to public life, it was hkely 
to have a much less scope in scenes borrowed almost solely 
from social and domestic experiences 

Mcnander, however, did not neglect the othe: branch of 
a liberal Attic education,—philosophy A followe: and a 
fricnd of ] picuius, whose summum bonum was the greatest 
amount of enjoyment to be got out of life, he carmed out 
m practice what he advocated by precept, for he was 
essctially the well todo gentleman,® and moved im the 
uppu cuces of Athaman souety “The philosophers of 
the diy (ee, the schools and universitics in our modern 
systems of teschm.s) ‘ were stall,” says Profussor Mahaffy,° 
viz, even during the period of the New Comedy, “the cqn 
stuit butt of the dramvtists ’ He adds that, “what 1s 
still stranger, political attachs on living persoMages, not 
exccpting Alexander the Great, were freely and boldly 


made’ 

On the whole, our estimate of the spint and object of Menander 
must Le f rmed rather fiom his imuitator and copyist Telence than 
fiom the fragments which remain about 2400 verses in all, as col 
le ted by Meimekein his Lragmenta Comecorum Grecorum — For, 
28 Trofissor Mahafly well observes, the extiacts made by 
Athcuxus our prinayal authouity, have reference chiefly to “the 
arch ology of cooks and cookery while Stob eus was a collectoi of 
yyopar O1 Wise maxins —‘ a most unfortunate and worthless ind 
cfutation It follows that no sound conclusious as to dramatic 
, mus, or of the knowledge of human nature can be drawn from 
detached verses preserved without the least referenre to these pat 
ticular pomts The evtirordmary populfmty ofgMenande: must 
hive been due to literary mezt if not to gieat onginality Mh 
Mahatfy obserses on this! that ‘ there 1s 60 much of a calm gentle 
manly morality about his fiagments he 1s so exccllent a teacher 
of the ordinary world wisdom—resignation, good temper modera 
tion fmend)mess—that we can well understand th populanty 
Copies of his plays continued long in existence, and were certainly 
hnown to Suidas and Kustathius as late as the 11th and 12th cen 
turics if they did not survive to a yet later ,¢mod + 

In amet of languaz Menandet occupis the same position mm 
poctry Which his contemporaly Demosthenes does iu prose In both 
the New Attic 1s claborated with great finish and © ith much greater 
grammatical y1cusion than we find a writers of the Old Attic, such 
as Sophocles anl Thucydiles A considerable addition to the 
vocabulary of every day life had now been made, as was mdted 
mevitable from the versatile character of the language and the 
genius of the people who used it = Many 1ew verb forms cspecially 
the perfect actrve 8 now ocrur and imdecd form a charactenstic 
inncvation of the style of Plato The carlicr prose was im its 
gcneral vocabulary to 2 considerable extent poetical and such a 
concuirence of short syllables asin the Platonic awodedoxiuaxores 


7 ist Class Gr Iitt,1 p 488 


® Pliny calls Menander ‘ diligent: S laxunie inteipres,, N 7, 


xxxv1_ 6 e 
inst Class Gr Int,1 p 480 Td, p 480 ° 
" Ind ,p 487 2 Id, p 490 


SA curious example 15 amexrdyxaot, the transitive pert@t,of 
aroxrewwew Similarly we have the unusual forms xexpyxa (frag 
e 


] 559) ebdone (727), cvyxexuna (810) . 
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(&rodoxiuderw) 13 1] suited even to choral metre The Old Comedy 
was worked by men of real genius, who ‘‘ were indecd giants, while 
the men of Menanders day only showed how strong and thorough 
was the culture which m art and lituature outlived the decadence 
of the nation ”? 

In all, we have, as collected by Meinche, 1045 fragments of 
Menander, of which 615 can be referred to known plays, the 
titles of those quoted from amounting to ninety, and including 
the Turentian Andria, Adelphi, nunuchus, Heautontimorumenos 
These fragments contain about 1650 verses or parts of verses, not 
including a considerable number of words quoted expressly as from 
Menande: by the old lexicographers Besides all these there aie 
not fewer than 758 monostich veises separately preserved im MSS , 
though some of these aic mct with in the other and longer tiag 
ment& Many of the fragments are obscure somc corrupt , and they 
have been a fertile field for critical acuincn from the timc of Bentley 
Not unfrequently we come upon the shiewd or giizinal remark of 
an obscrver Thus (fraz 7) A j}0o1 nin has no iclations, for no 
one acknowledges him, lest he should bez’ Tias 14) ‘ Every 
gbing that takes place 1 brought about by law, necessity, o1 
fashion’ 237, ‘Lhe gods do not sive men through any human 
means (prayer or sacritices), if they did, the human would hav 
more power than the divine 27; ‘‘Poveity is the most casily 
cured of all evils, any fiend can do 1t by merely putting his hand 
in his pocket ’ 397, ‘A poor man who lives in Ae town makes 
himself morc wretched than he need , for he cannot help comy armg 
with his own the luxumous lives of the ch 430, No man 
realives the extent of a sin when Ie commits it 1t15 afterwards 
that he sees tt = 460 **.A man 1s convinced not so much by what 
is Sud as by the manna of sayingit == 474, ‘ Phere 1s one thing 
only that hides vulzirity, villainy and every other fault, —wealth 
kvcrything but that 15 carped at and cuticized ” 517, ** Peopk 
who h ie vo met of thur own scnerally boast of then birth and 
thar ancestors = But every livmy man has ancestors cr he would 
not Lerliwinsmin ’ 578,‘ Wealth acts onaman 25 wind does on 
aship it oftentorces him out of his yroper couse ? 663, Many 
a youn, lady says a great deal im her own favour by sayy nothing 
at all = 088, A man who aluscs his own father 1s practising 
blasphemy 1,amst the gods — In fiet Menandar 1s charactersti 
yoally a scntentious wiiter, like Luripides with whom in the general 
style of Ins writings though not, of course m his somewhat loose 
and uityular vursitication, he is somctuntes compaird (fk A P) 


MENCIUS, the Latinzed form of Mang toze, “Mr 
Mang,” or “ Mang the philovopher,” a name m China only 
second, as a inoral teacher to that of Confucius His statue 
or spint tablet (as the case may be) has occupied, m the 
temples of the sage, since ow 11th centmy, a place among 
“the four assessors ’, and smce 1530 av his title has 
been “the philosopher Mainz, sate of the second degree ” 

The Mings or Ming suns had been in the time of Con 
tucius one of the three gieat clans of La (all descended 
from the marquis Hwan, 711-694 Bc ), which he had en 
deavoured to curb Their power had subsequently been 
broken, ane the wianch to which Mencius belonged had 
settled in Tsau, a small adjacent puncipality, the name 
of which still remains m Tsau hsicn, a district of Lenchiu 
Shan tung \ magnificent temple to Menus is the chief 
attraction of the district uty The present writer visited 
it in 1573, and was struck by a large marble statue of hun 
in the courtyard in front It shows much artastic shall, and 
gives the impression of a man strong in body and mind, 
thoughtful and fearless His limeal representative hves 
in the uty, and thousands of Mdngs are to be found in 
the neighbourhood 

The dates of some of the principal events m Mencius’s 
life are fired by a combination of evidence, and his death 
1s referred by common consent to the year 289 Bc He had 
lived to a great age,—some say to his eighty fourth year, 
placing his birth mm 372 Bc, and others to his nmety- 
seventh, placing 1t in 355 All that we are told of his 
father 1s that he died in the thud year of the child, who 
was thus left to the care of his mothe: She was a lady 
of superiog character, and well discharged her trust Her 
virtues and dealings with her son were cclebrated by a 
great writer in the first century before our cra, and for two 
* thousand years she has been the model mother of China 


1 Mahaffy, Jbid , p 490 
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We have no accounts of Mencius for many years aftcr 
his boyhood, and he 1s more than forty years old when he 
comes before us as a public character He must have sper t 
much time in study, investigating the questions which were 
rife as to the fundamental principles ot morals and society, 
and broodimg over the condition of the country The his 
tory, the poetry, the institutions, and the great men of the 
past had received his careful attention He intumates that 
he had bcen in communication with men who had been 
disciples of Confucius That sage had become to him the 
chief of mortal men, the object of his untirmg admiration , 
and mm the doctimes which he had taught Mencius recog 
nized the truth for want of an appreciation of which the 
bonds of order all round him were being relaxed, and the 
kingdom hastening to a general anarchy 

When he first comes forth from [<au, he 1s accompamed 
by several eminent disciples Ue had probably umtated 
Confucius in becoming the master of a school, and en 
couraging the resort to 1t of inquiring minds that he 
might resolve ther doubts and unfold to them the nght 
methods of government Onc of his sayimys is that it 
would be a greater dehzht to the superior man to get the 
youth of brightest promise around him and to teach and 
tram them than to enjoy the revenues of the kingdom 
His mtercourse with his followers was not so intumate as 
that of Confucius had been with the members of hi- 
selected circle and, while he maimtamed his dignity among 
them, he was not able tu secure fiom them thc same 
homage aud reverent admunation 

More than a century had elapsed since the death of 
Confucius, and dung that period the feudal kingdom ct 
Chau had been showms more and more of the signs 
of dissolution, and portentous errois that threatened tc 
upset all social order were widely dissemmatcd The 
sentiment of loyalty to the dynasty had disappearul 
Several of the marquiscs and othe: feudal princes of carher 

times had usurped the titlh of king Thesmaller fiefs bau 
been absorbed by the larser ones, or reduced to a state « 
helpless dependence on them Txin, after greatly extenu 
ing its territory, had broken up mto three powerful kim, 
doms, cach about as larse aos England Menus found 
the nation nominally one, and with the traditions of two 
thousand years affirming its essential unity, but actually 
divided into seven monarchies, each seehinz to subdue thi 
others under itself The consequences were constant wa 
fare and chronic miscry 

In Confuciuss time we meet with recluses who hud 

withdrawn in disgust from the world and its turmoil, Lit 
these had now given place to a class of men who cane 
forth from thur retirements provided with arts of war a 
schemes of policy which they recommended to the contend 
ing chicfs, ever ready to change then allegiance a thes 
were moved by whim or interest Mencius was once asked 
about two of them, “Are they not really great men? Let 
them be angry, and all the princes are afraid Let thom 
live quietly, and the flames of trouble are everywhere ¢\ 
tinguished ’ He looked on them as little men, and 
dehghted to proclaim hi idca of the great man im such 
language as the following — 


“To dwell im love the wide houx of the world to stau! n 
propricty, the correct scat of the world amd te walk im mubiec uses 
the great path of the worl) when he cltams his desire ter office 
to practise his prinuples for the .ood of the people and when that 
desire 15 disappointed to practise them alone tu bk above th 
power of riches and honours to make dissipated cf poverty and 
mean condition to make swerve from the ught and of power in 
force to make bend,—thise charactenstrs constitute the zeit 
man 


Most vivid are the pictures which Menuus gives of the 
condition of the people in consequence of the wane of the 
states ‘The royal ordinances were violated; the multi 
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tudes wele oppressed, the supplies of food and diink 
flywed away lke water” It 15 not wonderful that, when 
the foundations of government were thus overthrown, 
speculitions should have arisen that threatened to ove 
throw what he considered to be the foundations of truth 
and all social order ‘A shrill tongued barbaman fiom 
the south,” as Mencius called him, 1 oclaimed the dissolu 
tion of ranks, and advocated a return to the primitive 
simplicity, 
“When Adam delvcd anl Ive span 

He md his followers maintuncd that learnmg was 
quackery, and statesmanship craft and oppression, that 
princc and peasant should be on the same level, and cvery 
man do everything for himself Another, called Yang chu, 
demed the difference between vutuc and sicc, glory and 
shame The tyrants of the past, he said, were nuw but so 
many rotten bones, and the herocs and sages were no moie 
It was thesame with all at death after that there was but 
much putridity and 1ottenness ‘The conclusion of the 
whole matter thereforc was “Ict us cat and dink let 
uw» gratify the ears and cyes get servants aud maidens, 
leauty, music, wme when the day 1 insufficient, camry it 
cn through the mht Tach one for himself — Against a 
third heresiarch, of a very different stamp, VMencus felt 
mn less indignation This was Mo Ti, who found the 
soarce of all the evils of the time and of all time in the 
want of mutuil love He tauzht, thaefore, that men 
should love othus as thumsclyes princes, the states of 
other princes as much as thur own children, the parent 
of others ax much as the own = =Mo, m_ his gropmys, had 
got hold of a noble prmaple, but he did not appichend 
it distinctly no sct it forth with discrimmation To 
our philosopher the doctrine appeared contrary to the 
Confucian oithodosxy about the five relations ot society , 
and he attacked it without mercy and with an equal 
confusion of thought “Yanezs prncple, he sud, “19 
‘each one for himself,’ which does not achnowledse the 
claims of the soverelzn Mos 1s ‘to love all equalls, 
which does not achnowled,e the peculiar affection due to 
a father But to achnowledzc nether hing nor father is 
to be m the state of a beast The way of bencvolunce 
and nghteousness is stopped up ” 

On this secthms occin of lawlessness, wickedness, 
heresies, and misery Meuncius locked out from the quit of 
his school, and his spnit was stincd withm him to attempt 
the rescue of the people from the misrule and erro. — It 
might be that he would prove the mstrument for this pm 
pose “Tf Heaven, he sud, “wishes that the hinjdom 
should enjoy tranquillity and geod order, who 1s thee 
besides me to brins it about? = He formed his plan, and 
proceeded to put it m exccution He would ,o about 
among the different kings till he should find one among 
them who would follow his counsels and commit to him the 
entire admuustiation of his government That obtimced, 
he did not doubt that mafew ycas there would be a 
kingdom so strong and so good thit all 1ulers would 
achnowled.se its supuiorty, and the co} le hasten from all 
quarters to crown its sovercizn as monaich of the whole of 
Ching This plan was much the same is that cf Confucius 
had heen but, with the bolder character that belonged to 
him, Menoiy took mcne 105, e¢¢ a positicn fiom which 
“the masta: would have Suunk The former wis iw ays 
loyal to Chiu, and thoucht he could save the country by 
a 1Cformation the lattu siw the diy of Chin was 
past, and the time ws coine for 1 revolution = Menciuss 
view was the more comcct, but he sas nt wha 
than the sage 1m forecasting for the futme ‘hey could 
think only of a reformed dynasty o1 of 1 changed dynasty, 
ruling accoiding to the model principles of a feudal con 
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desired a repetition of the golden age in the remote past , 
but soon after Mencius disappeared from the stage of life 
there came the sovereign of Ch’in, and solved the question 
with fire and swoid, introducing the despotic empire which 
has since prevailed 

An inquiry here occurs—“ How, in the execution of his 
plan, was Mencius, a scholar, without wealth or station, to 
find admission to the courts of lawless and unprincipled 
kings, and acqure the mfluence over them which he 
expected?” It can only be met by our bearing in mind 
the position accorded from the earhest times in China to 
men of virtue and ability The same wnitten character 
denotes both scholar and officers They are at the top of 
the social scalet—the first of the four classes into which the 
population has always been divided This appreciation of 
Icarming or culture has exercised a most powerful influenge 
over the government under both conditions of its exist 
ence, and out of 1t grew the system, which was organized 
and consolidated mone thaft a thousand years ago, of making 
literary merit the passpoit to official employment The 
ancient doctrine was that the scholars privilege was from 
Heavcn as much as the sovereign’s nght, the modein 
system 1s a device of the despotic rule to put itself in 
Heaven s place, and have the making of the scholar in its 
own hands The feeling and conviction out of which the 
system giew prevailed in the time of Mencius The 
dy nasties that had successively ruled over the kingdom had 
owcd their establishment not more to the military genius ot 
then founder than to the wisdom and organizing ability 
of the learned men, the statesmen, who were their bosom 
friends and trusted counsellors Why should not he 
become to one ot the princes of his day what f \an hag 
been to Thang, and Thai kung Wang to King WAn, and 
the duke of Chau to Wtiand Chang? But, thoug# Mencius 
might be the equal of any of those worthies, he knew of no 
prince hhe Thang and the others, of noble aim and soul, 
who would welcome and adopt his lessons In has eager 
ness he overlooked this condition of success for lis enter 
prise He might meet with such a rule: as he looked for, 
o1 he might 1eform a bad one, and make him the coadyutor 
that he required On the stiength of these peradventures, 
and attended by several of his disciples, Mencius went for 
moie than twenty ycars from one court to another, always 
bafficd, and always ready to try again He was received 
with great respect by kings and princes He would 
not enter mto the service of any of thein,¢but he occa 
sionally accepted honorary offices of distinction , and he did 
not scruple to receive larse mfts which enabled him to hve 
and move about as a main of wealth In delivering ht 
messaze he was as fearless and outspoken as John Knoa 
He lectured great men, and ridiculed them He unfolded 
the ways of the old sage kings, and pointed out the path 
to universal sway but it was allinvain He could not stir 
any one to honourable action He contronted heresy with 
strong arzuments and exposed it with withering sarcasm, 
but he could work no deliverance in the earth The last 
cout at which we find lim was that of Lf, probably in 
310 Bc The marquis of that state had given office to 
\ > chang, one of Mencimss disciples, and he hoped that 
this might be the means of a favourable hearmg for 
hunself 0 1t had nealy happened On the suggestion 
of Lo-chang the marquis had ordered bis caimage to be 
yoked, and wis about to step into it, and proceed to brmg 
Manaus to his pilace when an unworthy favouiite stepped 
in and diverted dim fiom his purpose ~— The disaiple told hig 
master what had occurred, 1eproaching the favourite for his 
1] timed intervention, Mencrus, however, said to him, “eA. 
man» idvancement or the arresting of it may seem to be® 
effected by others, but 1s really beyond thefr powers My 


stitution, which they described in glowing language They | uot finding im the marquis of Lf a ruler who would confide 
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in me and put my lessons in practice is from Heaven” He | and certain livelihood be secured for all the people Without this 


| their minds would be unsettled, and they would proceed to every 
accepted this incident as a final mtimation to hum of the | form ef wild licence They would break the laws, and the ruler 


will of Heaven He had striven long against adverse cir- | wonld punish them,—punish those whom his neglect of his own 
cumstances, but now he bowed in submission We lose duties had plunged into poverty, of which crime was the consequence. 


sight of him He withdrew from courts and the public He would be, not their ruler, but their “trap 


r 3 
, Supposing the people to be made well off Meneiis taught that 
arena We have to think of him, according to tradition, | education should be provided for them all ” He gave the marquis 


passing the last twenty years of his life in the congemal of Thang a programme of four hinds of educational institutions, 
society of his disciples, discoursing to them, and giving the whch he wished him to establish in his state—in the villages and 
finshmg touches to the record of his conversations and the towns, for the poor a3 well as the rich, so that none might be 


opmions, which were afterwards edited by them, and con- ignorant of their duties in the various relations of nat But 
y 


after all, unless the people could get food and clothin ther 
stitute his works Living, he may have been a failure , labour, he had not much futh im the power of aaieanian to make 


dead, yet speaking in them, he has been a great power them virtuous Give him, however, a government fulfilling the 
among the ever multiplying millions of lis countrymen conditions that he laid down, and he was confident there would 
Nor will any thinker of the West refer to them without 8000 be a people, all contented, ll virtuous And he saw nothing 


to prevent the realizition of such a government Any ruler might 
interest and benefit Mencius was not 4 oacular, nor become, if he would, “‘ the mimite: of Heiven, who was his ideal, 


so self contained, as Confucius , but his teachings have & 4nd the influence of his example and administration would be all 
vevacity and sparkle of which we never weaiy, and which pom The people would flock to him is ther yarent ind help 
is all their own him to do justice on the foes of truth and happiness Pulse and 
in would be abundant as water and fire, and the multitudes, 
We will now attempt to mdicite biiefly the moie impoitant well clothed, and well ae would sit under the shade of 
pnnciples which our philosopher thought would have been cflectual their mulberry trees, anl hail the ruler ‘hing by the grace of 
to regenerate his country, and make an end of misery and hacsy Heaven 
within its borders Secondly, as to Mcnciuss views about human nature His con 
And first as to lis views on government, and the work to be viction of the goodness of that encouraged him to hope for such 
done by rulers for their subjects | Mencius held with Confucius— giand results fiom good fovurument, and his discussion of this 
and it wis a doctrine which had descended to them both trom the subject gives his princy ul title t» a place among philosophical 
remotest antaquity—that royal government 1s an institution of God —_ thinkers 
An ancient sovereign had sud that ‘‘ Heaven, having produced the Opmions were much divided about 1t among his contemporants 
people appointed for them 1ulers, and appointed for them teachers, Some held that the natwe of man 1s neither good nor bad , he may 
who should be assisting toGod Ow philosopher, adopting this be made to do good and also to do evil Others held that the 
doctiinc, was led by the manifest incompeteucv of all the murs of nature of some men 1s goed and that of others bad , thus it 1s that 
his time to ask how 1t coull be known on what mdividual the the best of men sometimes have bad sons and the worst of men 
appointment of Heaven had fallen or ought to fall andheconcluded good sons It was also maintume} that the niture of man 1s evil, 
that this could be ascertaincd only from his personal chai ute: and and whatever good ap) cats im it is the result of cultivation In 
his conduct of aflauy The people must find ott the will of Heaven | opposition to all these views Mencius conten led that the nature of 
as to who should be their rule: for themsclves There wasanotha: man is good ‘ Water, he said, ‘will flow indifhrently to the 
ell saying which delighted Mencius — ‘Heaven sces 1s the peoyle cast or west but will it flow indifferently up or down? The 
sec Heaven hears as the people hea’ He taught accordingly tendency of mans nature to goo Iness 15 like the tendency of water 
that whit government 1s fiom God, the governors air fiom the to flow downwaids By stmhing water vou may make it leap over 
peo} le —vor populs t0z Der your forehead and by damming and leading 1t you may make It 
No claim then ofa ‘‘divineiight should be alloweltoasovercign goupahul But suchmovem nts are not accordins te the nature 
if he were not exercising a 1ule for the good of the people ‘ The cf water it 19 the force yyhed which caus them When men 
jeople aw the n ost important elLment ma nation thealtars to do what i» not gool, their nature has Teen dealt with in this 
the spnits of the land and grain are the second, the sovereign 13 Way 
the hzhtest ” Mencius was not afraid to follow this utterance to Mencius hal uo stionget language than this,—a» mdecd it would 
its consequences The monarch whos rule 1s myunous to the bedifh ult tofind any stioner —to declare lis belicf of the goodnesa 
ople, and who 18 deaf to 1emonstiance and counsc] should be of human nature With vious but equally teliitous, lustration 
deeufonud In such 4 case killing 1s no muda he replied to his different opponents Sometimes he may seem to 
But whos to remove the sovercizn that thus ought to be removed? express himself too stronzly but an attentive study of his writings 
Mencius had three answers to this difhcult question ust, he shows that he i speaking of our nature i its ideal, and not as it 
would have the members of the royal house perform the tash Let actually is —13 we may axcertun, by in analysis of it that it was 
them disown their unworthy head, and appoint sonic better m  imtended to be, and not 25 1t has been mide to become In fact 
dividual of their number in his room If they could not on would his doctrine of human mature ws hardly to be distinguished from 
not do this, he thoug&t, secondly, that any high minister though | that of Bishop Butler while the Christian prclate is lett tar behind 
not allied to the roy 11 house, might take summarv meisures with so far a cham of style I» comerned 
the sovereign, assuming that he acted purely with iview to the Our author msists on the constitucnts of human nature dwelling 
public weil His tld and mand device was what he callel ‘ the — especially on the principles of ! enevolence righteousness, } ropricty 
ttumster of Hewen ’ When the sovereign had become a pest and wisdom or Rca de the last im luding the judzment of 
instead of a blessing he behevel thit Heaven woullrise up some conscience ‘‘These, sul he are not infuse 1 into us from 
one for the help of the pcople, some one who should so conduct without Men have these tam prinuples gust a6 they have their four 
himself in his original subordinate position as to draw all evesand = lambs” But man has also instincts an] ay portes which sech their 
hearts to himself. Let him then 1ise the standad not of rebel own gratifvation without ictaen ¢ to Ft ene cr any other 
hon but of nghteousness, and he could not help ittaming to the control He met this difculty by contendin, that human nature 
highest dignity Mencius are to hnd one imons the rulers 1s 2 constitution, in which the laghear prnayles are designed to 
of his day who mght be mide imto such a mimster and he tule the lower Some constituents of it ale noble and some 
counselled one and anothe: to adopt measures with that object ignoble, some great and some small The zreat must not be 
It was in fact counselling rebellion, but he held that the house of amynred for the small, not the noble for the 1znobk 
Ch4u had forfeited 1ts title to the throne One of his most vizoious vinduations of Ins do trine 1s the 
What now were the attributes which sean considered neussiry followimg — ‘For the mouth to desue flivoms the eve coloun, 
to constitute a good government according to his ideal of it? It the ea sounds, and the fom limbs case and rest bulons to mans 
must be anmated by a 5 hee of benevolence, and evc1 pursue a nature = An individuals lot may restact him trom the Q2anh ation 
policy of nghtcousness Its aims must be, fist, to make the people of them and im such i asc the superior min will mot sa Mb 
well off, and next, to educate them Noone was it to oc.upy the nature demands that plusur and I will actat On the other 
thione who could be happy while any of the people were miserable, hand, there are love between father and son, mahtcousne sb tween 
who delighted in war, who could indulge m palacs and paks ruler and mimster, the rules of ceremony between host in| zucst, 
which the poorest did not m a measure shae with him Game and hnowledge seen 1m 1tcozmzing the able and virtuous and im 
laws received his emphatic condemnation Taxes should be hght, the sage s fulhling the heavenly course , —these ae appumted (by 
nd all the regulations for agriculture and commuce ot tchatacttr Heaven) But they also belong to our nature ind ii superiot 
0 promote and encomage them The rules whuh he suggested to man will not say, The cucumstances of my lot rive me from 
ure those objects had reference to the existing condition of his them ” In his preliminary dissertation to rhe 7th ¢ lition of this 
country, but they are suxcptible of wide appluation They carry encyclopedia, su Tames Michintosh has said that m his sermons 
im thein schemeg of dramage and ungation for land, and of free on human nature Buth: tinght troths more worthy of the name 
trade Mrcommerce Rut it must he, he contended, that a sufheient | of discovery than any m the same department of inquiry with 
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which we are acquainted , 1f we ought not to except the first steps 
f the Grecian philosophers towards a theory of moral) = Mer cius 
wis semior to Zeno, the one of thosc philosophers to whom Butla 
his most affimty, and it docs not appear that he had left anything 
{or either of them to discover 
When he procceded from his 1Jcal of human nature to account 
i r the phenomena of conduct so diflucnt from what they ought 
t be according to that ideal, he was necessarily less successful 
Lhey puzzled him and they made him indignant and angy There 
1s nothing good, he said, ‘ that a man cannot do he only does 
utdoit’ But why does he not doit? Agaust the stul born 
hict Mcncius beats his wings and shatters his weapons —all in vain 
He mentions a few ancient worthics who he concciy d hal always 
b en, or who had become, perfectly virtuous Above them all he 
evtols Confucius, taking no notice of that sazes conf ssicn that he 
hil not attamed to conformity to his own rulc of u ing to othas 
ws he would have them do to him = No such acknowledgment 
aout himsclf ever came from Mcnaus — Lherein he w1 inferior to 
his prelecessor he had a subtler f1 ulty of thought ani a much 
more vivid imigination but he dil not know himself nor lis 
sp ial gubycet of human nature so well 
Our limits will not allow us to zo into a detail of his vicws on 
ether special subjacts | A f w passages lust ative of his sty] and 
g neral teachings will complete all that can Te said of h 
His thoughts indcel wer seld m con] nse hile tho ¢ 
meester ity aphorisms an] should Je real im thar conne 
Lut we have from him many words of wisdom that havc Te 
woids to millions for mor than two thousand yous I< 
stance 
Though ama: may tc wichel vet if he adyust his thoughts, 
fast, and bathe he may sith = t»Gol 
When Heavy tas ab ut toconf 1a great office on any man it 
fist exercises aw mim with suflam. and his sinews ind boncs 
with tou It expe ses uy body to hunger subjects him to exticme 
poverty and ds lis undatahinzs In all thes 
stimulates his mind, strengthe =~ natu: su ples 
« mpetern 
‘Phe great man is he who docs not Jose lis child heart 
The f Sham astoamen of zeit importance When one 
shame lof having b cn withcut shame he will afterwards not 
have occasion for shi ame 
“To nourish the heat there 1s nothing betta than to keep the 
desires fow Here is a man whose d sis are fw om some things 
he may not be abhi tol¢ phis hart but they will be few Hare 
a man whose desires ave many in some things he may be able 
to hecp has heart but they will be few 
“Benevolence 1s the distin.wshins characteristic of man 
cmbo led in his coniuct at may be allel the path of duty 
‘There 1s an ordination for evary thing = 3an la man should receive 
subinissively what may 1c cone thy as uibel thereto He who has 
the correct idea of what Heavens ordination is will not stand 
beneath a tottuimg wall Death sustume Lin the dischar se of one s 
duties may be corre thy waube lt» Heaven Death unde handcuffs 
anl fetters cannot b cone th sc as mbe 1 
‘When one by fore sublues men they to not submit to him 
in heart «When he sublues them Ly virtue in their hearts core 
thcy are pleased, and sin crcly submit 


Two translations cf the works cf Men iny are within (1 reech of Furopean 
readers —that by the late Stamslius Junho n in Tatin Fuss 18 4 + and that 
forming the second volume cf Teques C/anee Cla t Wong kh ig Ist? 
latter has been published it Lond n (is) ) with utthe Clnes t xt Se 
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Fabtr The Mind of Mencius or Tolittecal For n f oid M al Phils ght 
translated from the Gorman by A B Hutchinson (I ndon los ) (J LL) 
MENDELSSOHN, Tir (1609-1547) Jakob Ludwig 


kelin Mendelssohn Bartholdy, one of the ,1catest com 
posers of this century, was the grandson of Moses Men 
delssohn noticed below, and was born in Hamburg on 
February 3, 1509 

In consequence of the troubles caused by the French 
occupation of Hamburg, Abiaham Mendelssohn, his father, 
migrated in 1511 to Belin, where his grandmother, 
Fromet, then in the twenty fifth ycar of hur widowhood, 
received the whole family into her house, No 7 Neue 
Vromenade Jere the litth Felix and Jus sister T anny 
received their fust instruction in music from their mother, 
ander whove caie they piogessed so rapidly that the 
altogether eaccptional character of then talent soon 
vecame unmintakably apparent Their nevt teacher was 
Madame Bigot, who, during the temporary residence of the 
family in Paris in 1516, gave them sc ic valuable instiuc 
tion On their retun to Berlin they took lessons in 
thoroughbass and composition from Zelter, in pianoforte 
playmg trom Ludwig Berger, and in violin playing from 


Henning,—the care of their general education being en- 
trusted to the fathe: of the novelist Paul Heyse 

Fehx first played in public on the 24th of October 
1818, taking the pianoforte part in a trio by Woelfl On 
April 11, 1819, he entered the Berlin CLugakademie as an 
alto, and im the followmg year began to compose with 
extiaordinary rapidity His earliest dated work 1s a cantata, 
In ruhrend feerlichen Tonen, completed on January 13, 
1820 During that year alone he produced nearly sity 
movements, inclading songs, pianoforte sonatas, a trio 
for pianoforte, violin, and violoncello, a sonata for violin 
and pianoforte, pieces for the organ, and even a little 
dramatic piece in thice scenes In 1621 he wrote five 
symphonies for stringed mstiuments, each in three move- 
ments motetts for four voices, an opera, mm one act, 
called Soldatenlebs haft, another, called Die beden Pada 
gogen , part of a third, called Die wander nde Comodranten., 
and an immense quantity of other music of different kinds, 
some of which, thought gvoithy of publication by the 
cditors of his posthumous works, now stands before the 
world in evidence of the precocity of his gemus The 
olginal autograph copies of thuse eaily productions are 
now preserved in the Berlin Library, where they form part 
of a collection which fills forty four large volumes, all 
witten with imfinite neatness, and for the most part 
eucfully dated—a sufficient pioof that the methodical 
habits which distinguished his later hfe were formed in 
carly childhood 

In 1421 Mendelssohn paid his first visit to Goethe, with 
whom he spent sixteen days at Wermar, m company with 
Zelter From this year also dates his first acquaintance 
with Weber, who was then in Berlin superintending the 
production of Der Lew hut , and from the summer of 
1422 his introduction, at Cassel, to another of the greatest 
of lis contemporaries, Ludwig Spohr During this year 
his pen was even more prolific than before, producing, 
among other works, an opera, im three acts, entatled Dre 
headen Neffen, oder Der Onkel aus Bcston, and a piénoforte 
concerto, which he played m public at a concert given 
by Trau Anna Milder 

It had long been a custom with the Mendelssohn family 
to give musical performances on alternate Sunday mornings 
in their dining room, with a small orchestra, which Fuyx 
alwiys conducted, even when he was not tall enough to 
be seen without standing upon a stool For each of these 
occasions he produced some new work,—Splaying the piano 
forte picces himself, or entrusting them to Fanny, while 
his sister Rebecka sang, and his brother Paul played the 
violoncello In this way Dre been Niffen was first 
privately performed, on the fifteenth anniversary of his 
birthday, February 3, 1824 Between the 3d and the 31st 
of Maich, in this year, he composed his fine symphony in 
( minor, now known as Op 10, and soon afterwards the 
quartett in B minor, Op 3, and the (posthumous) piano- 
forte sestett, Op 110 In this year also began his hfelong 
friendship with Moscheles, who, when asked to receive him 
as a pupil, said, “If he wishes to take a hint from me, 
a> to anything new to him, he can easily do so, but he 
stands in no nced of lessons’ 

In 1825 Abraham Mendelssohn took Felix to Pans, 
where among other musicians then resident in the French 
apital he met the two most popular dramatic composers 
of the age, Rossm and Mcyerheer, and lived on terms 
of intimacy with Hummel, Kalkbrenner, Rode, Baiullot, 
Huz, and many other artists of European celebrity On 
this occasion, also, he made his first acquanftance with, 
Cherulnn, who, though he rarcly praised any one, expressed 
a very ngh opinion of his talent, and recommended hisn 
to write a Ayrie, for five voices, with full orchestral‘ 
accompaniments, which he himself described as “ exceébding 
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in thickness” anythmg he had attempted From letters | 


written at this period we learn that Felxs estimate of the 
French school of music was very far from a flattering 


one, but he formed some friendships in Paris, which © 


were pleasantly renewed on later occasions He returned 
to Berlin with his father m May 1825, taking lcave of 
his Parisian friends on the 19th of the month, and 
interrupting his journey at Weimar for the purpose of 
paying a second visit to Goethe to whom he dedicated his 
quartett m Bminor On reaching home he must have 
fallen to work with greater zcal than ever for on the 
23d of July in this same year he completed his pianoforte 
capriccio in F sharp minor (Op 5), and on the 10th of 
August an opera, in two acts, called Dig Hoch at des 
Camacho, a work of considerable importance, concerning 
which we shall presently have to speak more particularly 
“No ordmary boy could have escaped uninjured from 
the snares attendant npon such a life as that which 
Mendelssohn now lived “otwithstanding his overwhelm 
ing passion for music, his general education had been x 
well cared for that he was able to hold his own, in the 
society of his seniors, with the easy grace of an accompli hed 
man of the world He was already recognized 1s 1 lead 
ing spirit by the artists with whem he assccited and 
these artists were men of acknowledged talent and } osition 
The temptations to egoism by which he was suroundc | 
would have rendered most clever students intoleralle But 
the natural amability of his diy sition and the healthy 
influenc of his hap; y home hfe ccunteracted all tendencies 
towards inordinate self assertion and he i described Ly 
all who knew him at thi period as the most charmins 
boy imaginable Even Aclte1, though by nature no lk 5 
répressive than Cherubim, was not ashamed to show thit 
he was youd of him and Mcscheles whose nime wis 
already famous, met him from the fist on ¢ yual term 
Soon after his return from Part. \biaham Mendel sohn 
removed from his mothers residence to No 3 Tey ier 
Strasse, a roomy, old fashioned house contunm, an 
excellent musicrocm and in the -r unds adjoinng a 
“Gartenhaus capable of accommodating several hundred 
persons at the Sunday perfcrmancs! In the autumn 
of the followmg year this ‘ garden house witnessed a 
memorable private performance of the work by meins cf 
which the geitness of Vendelssohns genius was first 
revealed to the outer world—the overture t> Shikes eale » 
Midsummer Light »Dreim The finshed s ie ct this 
famous composition 1s datcd “Berlin Auzust 6 1826 — 
that 13 to say three days after ity author hil attamed the 
aze of seventeen yeirs md a half Yet we may sitcly 
assert that in no liter work d cs he exhibit more cruiginality 
of thought mote ficshness of conception or moe perfect 
mastery over the details of technical constiuction than 
in this dehighttul inspuation, which, thou,h now nearly 
sixty years old, still holds its plice at the head of the most 
briluant achievements of our modern schools = The ova 
ture was first publicly puformed at Stettin in lebruny 
1827, under the dircetion of the younz composer, who 
with this bright patent of artistic nolilty to supy ort his 
claim, was at once accepted as the kadar of a new and 
highly characteristic manifestation of the spirit of modun 
progress Henceforth therefore we must spe rk cf him, not 
as a studcnt, but 1s 4 miture ind cxtermenced atist 
Meanwhile Camacho. Wedding hid been submitted to 
Herr General Musik Director Spontini, with a vicw to its 
production at the opera The libretto, founded upon an 
episode in the history of Don Quixote was wutten by 
Klingemann, and Mendelssohn threw himself into the spirit 








*1 After Mendelssohn s death this house was soll to the Prussian 
poles ih , and*the Herrenhaus now stands on the site of the 
garden house 


of the romance with a keen perception of its peculiar 
humour The work ws put into rehearsal soon after the 
composers return frcm Stettin, produced on April 9, 
1827, and received with great aj parent enthusiasm but, 
for some reason which it 1s ncw unpossible to ascertain, 
a vvbal was formed azainst it and it never reached a second 
perfomance The critics abused it mercilessly yet it 
exhibits merits of a very high order The solcinn passage 
for the trombones, which heralds the first appearance of 
the knight of La Mancha 1 conceived in a spirit of 
reverent appreciation of the idca of Cervantes, which 
would have done honour to a composer of lifelong 
experience yen the critics suborned t» condemn the 
wotk could not refrain from eyjressing their admiration 
of this but it had lLecn decreed that the opcia should 
not live—and it did nct 

Mendelssohn was excessively annoyed at this inju tice 
and some time elapsed befcre his mind recovered its usual 
bright tone but he continued to work dil_ently for the 
cause of ait Among cther seucus undertakings he 
formed a choir for the study of the sreat cheral w rhs 
of Sebastian bah then entirely unknown t the yullic 
and in spite of Zelters determined cp]¢ Ition, he uc 
eveded in 1529, in mducing the Berlin Sinzahadeiie 
to give a yuthe jerformance of the 13s n arc ndiny to 
St Wather under hi direction with a chorus of between 
three and four hundred voices The scheme succeeded 
Leyond his wamet hope and qr ved the means of 
restorin, to the world -reat compe itions with which we 
ale all now familiar but which at that trme had never been 
heard since the death of Bach But the cl tir ctive party 
wae grievously offended aud at thi yom 1 Mendelssohn 
was far fi 11 poy ula amon, the mu idan = f Terhn 

In Ayr 1829 Mendelsohn jyud iis first wait to 
Londin His recepticn was mc tenthusia tie He made 
his first ajyearance }cfore an kn li h audience at one of 
the Philharmonic Sceuty ecneert —then held m_ the 
\rxyll Rooms on the 2oth cf Mav ccnducting his 
sym} hony nC min» fiom the yian forte to which he was 
led by John Ciumer On the 30th he ;layed Welers 
C nerttwh fiom memory a jrececding at that time 
extremely unusual = At a concert civen by Drcuet cn the 
24th of June he played Fecthovens piincforte concuto in 
] flat which had never befcre been heard in the country 
and the overtuie to A We dsummer Viyhts Dre1m was also 
for the first time, presented t> a Lendon audience On 
returniny heme fiom the cnet Mi Attwood, then 
orzuust of St Pauls Cathedral keft the o re of tle 
overtuie im a hackney coach whereupon Mendels chn 
Wiote out an thea: frm mem ry with ut an error At 
another concit he played with Mc cheles bis still un 
published comerto mm] to rtw oo pran t ites and cichestra 
After the cl se of the Tondcn sewn he started with 
hhnzemann on a tour thrcugh \c thind where he was 
inspued with the first idor ct his cvertue to Lhe I les 
of Finjal, mtuning to Balin at the end cf November 
Lacept for an acudent to bas knee which lamed him for 
some considera le time his visit was a bnhh successtul 
one and laid the foundation cf many fim friend hips and 
Many prospcrous nezotiitions in the time to come 

The visit to Pngland formed in reality the frst divisicn 
only of a gieat scheme of travel whuh his fither wished 
him to eatend to all the most important ait centres in 
Europe After refusing the offer of a profess mhip at 
Berlin, he started agam in Way 1830 for Italy pausing 
on his way at Weimar where he spent a memoralle fort 
night with Goethe and reaching Rome atter many pleasant 
interruptions, on November 1 No posible form of 
excitement ever prevented him from devoting a certain 
time every day to compoution — but he lost no opportunity 
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of studying either the countless treasures which form the 
chief glory of the great city or the manners and customs of 
modern Romans He attended, with insatiable cunosity, 
the services in the Sistine Chapel, and his keen power of 
observation enabled him to throw much interesting hght 
upon them His letters on this subject, however, lose 
much of their value through his incapacity to comprehend 
the close relation existing between the music of Palestrina 
and his contemporaries and the ritual of the Roman 
Church his Lutheran education kept him in ignorance 
even of the first principles of ordinary chanting, and it 
1s amusing to find him descnbing as enormities peculiar 
to the papal choir customs familiar to every village singer 
im England, and as closely connected with the structure of 
the “Anglican chant as with that of “Gregorian music 
Stull, though he could not agree, in all pomts, with Baimi, 
the greatest ecclesiastical musician then living, he fully 
shared his admiration for the Jmpr opera, the Wrserere, and 
the cantus planus of the Lamentatwnes and the Erultet, 
the musical beauty of which he could understand, apart 
from their mtual significance 

In passing through Munich on his return in October 1831, 
he composed and played his pianoforte concerto in G minor, 
and accepted a commission (never fulfilled) to compose an 
opera for the Munich theatre Pausing for a time at 
Stuttgart, Frankfort and Dusseldorf, he arrived in Paris 
in December, and passed four pleasant months in the 
renewal of acquaintances formed in 1825, and im close 
imtercourse with Liszt and Chopm On February 19, 
1832, the overture to A Afidsummer Nights Dream was 
played at the conservatoirc, and many of lus other com 
positions were brought before the public, but he did not 
altogether escape disappointments with regard to some of 
them, especially the Reformation symphony, and the visit 
was brought to 1 premature close in March by an attach 
of cholera, from which, however he rapidly recovered 

On the 23d of Apml 1632 he was again m London, 
where he twicc played his G minor concerto at the 
Philharmonic concerts gave a performance on the organ 
at St Pauls, and published his first book of Zvzeder ohne 
Worte He returned to Berlin im July, and during the 
winter he gave public performances of his Reformation 
symphony, his concerto m G minor, and his Walpw 
gunuht In the following spring he paid a third visit 
to London for the purpose of conducting his Italian 
symphony, which was } layed for the first time by the 
Philharmonic Society, on the 13th of May 1633 On the 
26th of the same month he conducted the performances at 
the Lower Rhine festival at Dusseldorf, with such brilhant 
effect that he was at once invited to accept the appointment 
of general music directo. to the town, an ofhce which 
included the management of the music m the principal 
churches, at the theatre, and at the rooms of two musical 
associations This post he willingly accepted, and 1t formed 
% stepping stone to a far moc important one 

fore entering upon his new duties, Mendelssohn paid 

v fourth visit to London, with his father, returning to 
Dusseldorf on the 27th of September 1633 His influence 
produced an excellent effect upon the church music and in 
the concert-room but his relations with the management 
of the theatre were not altogether pleasant and it was 
probably this circumstance which first led him to forsake 
the cultivation of the opera for that of sacred music At 
Dusseldorf he first designed his famous oratorio St Paul, 
n response to an application from the Cacilien Verein at 
Frankfort, composed his overture to Die schone Melusine, 
and planned some other works of importance He hiked his 
appointment, and would probably have retained it much 
longer had he not been invted to undertake the permanent 
direction of the Gewandhaus concerts at Leipsic, and thus 


raised to the highest position attamable m the Germal 
musical world To this new sphere of labour he removet 
in August 1835, opening the first concert at the Gewand 
haus, on the 4th of October, with his overtme Dte 
Meeresstille, 3 work possessing great attractions, though 
by no means on a level with the Midsummer Nights 
Dream, The Isles of Fingal, or Melusune 

Mendelsschn’s reception in Leipsic was most enthusiastic, 
and under their new director the Gewandhaus concerts 
prospered exceedingly Meanwhile St Paul steadily pro- 
gressed, and was first produced, with trumphant success, 
at the Lower Rhine festival at Dusseldorf, on Mav 22, 
1836 On October 3 it was first sung m English, at 
Liverpool, unde the direction of Sir George Smart, and 
on March 16, 1837, Mendelssohn again directed it at 
Leipsic 

The next great event in Mendelssohn s life was his happy 
marriage, on March 28, 1837, to Cecile Charlotte Sophie 
Jeanrenaud, whose amiable disposition, surpassing beauty, 
and indescribable charm of manner endeared her to all 
who knew her The honeymoon was scarcely over before 
he was again summoned to England to conduct St Paw, 
at the Birmingham festival, on September 20th Dunng 
this visit he played on the organ at St Pauls and at 
Christ Church, Newgate Street, with an effect which 
exercised a lasting influence upon English orgamsts If 
was here also that he first contemplated the production 
of his second oratorio, Elyah 

Passing over the composition of the Loégesang in 1840, 
a sixth visit to England m the same year, the scheme for 
the erection of a monument to Sebastian Bach, and other 
events on which space does not permit us to enlarge, we find 
Mendelssohn in 1841 recalled to Berlin by the king ot 
Prussia, with the title of hapellmeister Thoagh this 
appointment resulted 1n the production of Antigone, Hdipus 
Coloneus, Athalte, the incidental music to the Ifrdsummer 
Night s Dream, and other great works, 1t proved an endless 
source of vexation, and certainly helped to shorten the com 
posers life In 1842 he came to England for the seventh 
time, accompanied by his wife, conducted his Scotch 
symphony at the Philharmonic, again played the organ at 
St Peters, Cornhill, and Christ Church, Newgate Street, 
and was received with all possible honour by the queen and 
the prince consort He did not, however, permit his new 
engagements to inteifere with the direction of the Gewand 
haus concerts , and in 1843 he founded@in Lepsic the great 
conservatoire which soon became the best musical college 
in Europe, opening it on Apmil 3, in the buildings of the 
Gewandhaus In 1844 he conducted six of the Philhay 
monic concerts in London, producing his new Midsummer 
Night s Dream music, and playing Beethovens pianoforte 
concerto in G with extraordinary effect He returned to 
his duties at Berlin in September, but happily succeeded 
in persuading the king to free him from his most onerous 
engagements, and hi» delight at this relief was un 
bounded 

After a briet residence in Frankfort, Mendelssohn 
returned to Lezpsx m September 1845, resuming his 
old duties at the Gewandhaus, and teaching regularly 
in the conservatorre Here he remained, with little in 
terruption, during the winter,—introducing his frend 
Jenny Lind, then at the height of her populanty, to 
the critical frequenters of the Gewandhaus, and steadily 
working at Hlyah, the first performance of which he con 
ducted at the Birmingham festival, on Augus} 26, 1846 
The enthusiastic reception of this great work 1s well know:f 
Unhappily, the excitement attendant upon its productzgn, 
adved to the irntating effect of the worries at Berlin, made 
@ serious inroad upon the composers health Qn his 
return to Leipsic he worked on as usual, buf it was 
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clear that his health was seriously impaired In 1847 he 
visited England for the tenth and last time, to conduct four 
performances of Hiyah at Exeter Hall, on the 16th, 23d, 
28th, and 30th of April, one at Manchester on the 20th, 
and one at Birmingham on the 27th Again the queen 
and prince consort received him with marked respect,— 
one might almost venture to say, affection,—and all seemed 
prosperous and happy But the necessary exertion was 
far beyond his strength He witnessed Jenny Linds first 
appearance at Her Majesty’s Theatre, on the 4th of May, and 
left England on the 9th, little antiupating the trial that 
awaited him im the tidings of the sudden death of his sister 
Fanny, which reached him only a fcw dajs after his arrival 
in Frankfort The loss of his mother in 1542 had shaken 
him much, but the suddenness with whch this last sad 
intelligence was communicated broke him down com 
letely He fell to the ground inscnsible, and never fully 
recovered In June he was so far himself again that he 
was able to travel, with hir family, by short stages, to 
Interlaken, where he stayed fr some time, illustrating 
the journey by a series of water colour drawings, but 
making no attempt at composition for many wecky He 
returned to Leipsic in September, binging with him 
fragments of Christus, Loreley, and some otha unfinished 
works, takinz no part in the concerts, and hving mm the 
strictest privacy On the 9th of Octobcr he called on 
Madame H rege, and asked hei to sing hus litest set of sons 
She left the 100m for lights, and on ha ietwn found him 
in violent pain and almost insenuible It was the begin 
ning of the end = He: lingered on, now better now worse, 
through four weary weeks, and on the 4th of November 
he passed away, in the presence of lis wife, his brother, 
qand his three dear frends, Moschelts, Schlemitz, and 
Ferdinand David A cross now muks the site of his 
grave, m thc Alte Dreifaltisheits Kirchhof, at Berlin 


Mend Issohn s title to a place amon, the gicitest comyosers of 
the century 1s incontestable His stvle theuph differing Lut little 
m te€hpical aringement fiom thit of his clissical predecessors tp 
charactérized Ly uvein of meloly pecultaly his own and casih 
distir guishable by those who hive stulied his works not only 
from the genuine eflusions of contempoliry wiltcrs but from the 
most successful of the servile imititions with whi h even dunn, 
his lifetime, the music shops were d lugzed In] 9s yudi ious hin ts 
the ugd svinmetry of has phitsing mht jyerhays have yallel 
upon the cu Lut under his skilful mimaigement it serves only to 
mputan alditimal chum te theughts which d uve then chict 
beauty fi in the evident spontineity of then con cption In this 
as inall other matters of a purely techmical character, he regarded 
the recez tel laws of git as the m= ium by which he mn ht mo t 
certumly attath th ends di tat d by the isp uation ct his .emmus 
though (um, noth ng for rules cx ept as m ans for produanz 
rgoodelf t hes uc dy ever violatel them andl wisney rweary ot 
yupressing tha value upon the minds of his pupils) His meth 1 
of counterpoint wisin delle Linclose acccr dan) = with that yi tised 
by Sebastiin Bich Tinsh- ose Lin © mbinition with au clastic 
dcvelopm nt of the snatifiim similu t that cngiifted by 
Beethoven upon the lings Juddown by Hudn The prnuples 
involved in this uring ment were stuictly cons rvitive yet they 
enabled him at the very outset cf his cu er to invent anew style 
no less otzinil thin thit of Shubert 1 Wobr and no less te 
Mmathible as the emboliment cf canons already conse rated by 
Classical iuthouty thin wv specnul manitestition fim dividual 
gemus Itis thus thit Mendclssohin stinds bcfare us wat the same 
time 1chimpion of cons 1vitism ind am apostl cf pros and 
itis chicfly Ly vutue cf these two ypar nthy ime nia ns thoush 
rely perfectly compatible phases of tas urtistie China ter that his 
influence and cxvimyle hive for so miny vous held mche k the 
Violence of itacth muy cpimion which a littl myudi tous en 
couragement might casily hive fanned into rvolutinuy fury 
oe te this wholesome influ n cas stat work umonyus ind 
in his orrtonos his symphonies his overtures Pas con artes, and 

his small pianoforte pieces Mendelssohn s ty Eef meus am oy 

ample the vajue of whichis univcrsully rcoznized, ind not hl ely to 
%e soon for otten 

Concerning Mendelsohn puvaite char ter thar have neva 

, Ren two opimons As imin ft the world he wis m ie than ordi 

nanny accomplish t —lillint im conversation ind im his hghta 

moments overl@win with sparkling humour and 1 dy pleasintry, 
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loyal and unsclfish m the more serious business of lif and never 
weary of working for the gencial good As a frend he was un 

varyingly kind syimpatheti , and as true as stec] His carnestness 
asa Christian needs no stronger testimony thin that affiriel ty 
his own delineation of the chu icter of St Taul tutitisn t too 
much to say that his heart aud lifr were pure a tho of a little 
child 

Acomplete listcf Mendclssohnsyputh) Ye ny si 8 on tar iredard nine 

teen in numbe: besides some fiv al 1 tw nty unnumbertd w 1hs of c 18 derable 
importance—will be fcund in the thematic catal gue publi beity Me» Breit 


koyf and Hartel at Tes 1d alse in Gi wes Lit cy of M se and 
Mustcransv \} nn yy) «(08 399) Aw np hsmise Hat ou writings y) may nen 
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MENDELSSOHN, Vosrs (1729 1786), philosopher 
and scholar, well known ay Lessing » friend and the proto- 
type of his “ Nathan,” was born on September 6, 1729, at 
Dessau on the Elbe, where his Jewish father made a scanty 
livelihood by teaching a small school and transcribing 
copies of the “law” The leading evcnts of Mendelsschn + 
career have been indicated elsewhere (see JEWS vol xan 
p 680) His numerous writings include Cele: Eiiden 
an metaphysischen Wrosenschatten (1763), which gained 
the piize in a competition in which Immanuel kant took 
part, Briefe uler die Emppndungen (1ib4), Phal n oder 
uber di Unsterblichhet der Seele (1767), an argument for 
immort ility, founded on the nature of the soul ay exempt 
ing 1t from the ordinary laws of change, which has been 
severely criticized by Kant Jerusalem, oder dr 7 tr pos 
Virht und Judenthum (1753), a@ specially important con 
tribution to the question of Jewish emanuipition a 
number of contributions to his frend Naicclars Lot > tu 
Prefer and Billicthel da schonen Waissens hrgt n  cne or 
two tracts in Hebrew and «me new German translations 
fiom the Old Testament The controver ¥ which ied to 
the publication of his Vr penstunden (17S)-S6) a reply 
to Jacobis Brrere ules dee Lehre Spino ris said t> have 
been more or less directly the cause «tf Jus death which 
toch place on January 4, 1756 (ce Jace Br vol xm p 
337) Of Mendelssohn s thice sons, the second Abraham 
settled as a banker in Hamlwizand murnda Jewess Lea 
Salomon Bartholdy, who bore him fow chiudien these hy 
advice of their mothers }iother himself a conscientious 
conveit from Judaism, were educited as Cliistiins and 
thenceforth jomed ther mothers sec nd sumame to thar 
own The second of them Lelio w the subject cf the 
preceding notue In lata hte Aliaham Mendel. bn 
was accustomed to say —' Whea IT wis y ung I was the 
son of my father now Tam the fathuct my wn See 
Lhe Mendelssohn Family ss2 

MENDOZA a city ct the Arzentme Rey ubhc the only 
town of the province of Mend 71 1. 700 mis west 
noith west of baenes Avie at the tf tact the © rdilleras, 
210 feet alove the sa level in 820535 hit ontbs 4) 
W long = It was formerly i frequent stop pine ylice on the 
loute across the Andes by the Uspallita Pas and used ty 
rank as one of the Lest built towns im the county but in 
IS6] it wis almost completely destrwed by an ayy alling 
calthquike, in which the ypeopk, ter the mot part 
collected im the churches, poushed te the mumler ct 
about 12000 Braud a French gedlonst who had tten 
predicted the catastigphe was one ct th se who pertshed 
LaAtensive rus stil muk the ste ct the ot town the 
new town, Whih ha been built at a litth listan e Ins 
gown rapidly = Situated in ao nichhy cultr ed di tuct 
Mendoza depends mainly on wmicutme and. it crew me 





Th atv wis tounkeb in} Ylvy Gu ia Wi » ulin 
VW7o1at wis male the vnime rath oentrh ot th vor valtvot 
Tai Pht: See Mulhall 2Zernd? £ rt £L Prise se 
ind Mis Mulball B fv cu the f2 t nardu fre ss. 


MENDOZA Dneo Httape pr (1903 1575) 
novelist, poet, diplomatist and histotian was younger son 
, of the member of the Wlustrious Mendoza tumuly to wim 
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the government of Granada was entrusted not long after its 
surrender, and was born in that uty about the year 1503 
The marquis of Santillana, so promment a figure at the court 
of John I of Castile, was his great grandfather At an 
early age Mendoza, who had been destined for the church, 
was sent to Salamanca, where he studied with success, and 
also, some time between the years 1520 and 1525, produced 
his Lavardlo de ['ormes, the work upon which hus literary 
eclebrity largely rests Having persuaded his father to 
allow him to enter the army, he served with the Spanish 
troops of Charles V in Italy, and also availed himself of 
opportunities as they arose to hear the lectures of famous 
professors at Bologna, Padua, and Rome 1n15388 he was 
taken into the diplomatic service of the emperor and sunt as 
ambas-ador to Venice there he cultivated friendly relations 
with the Aldi, and encrgetically set about collecting a 
hbrary not only procurmg copies of many old MSS in 
the public libriry of the city, but also sending to Thessaly 
and Mount Athos for new ones it was from his collection 
that the complete text of Josephus was first printed For 
some time he held the post of military governor of Siena, 
and, after having been present in an ofhual capacity in 
Trent at the beginning of the cecumenical council, he was in 
1547 sent as special plenipotentiary to Rome, where he 
continued to act for some years In 1554, shortly before 
the abdication of Charles, he was recalled to Spain and his 
ofheial career came to an end He was never a favourite 
with Phihp TI , and in consequence of a quarrel with a 
courtier, in which he had lost his temper badly, he was 
finally banished from court in 1568 The remaining years 
of his life, which were spent at Granada, he devoted partly 
to the study of Arabic, partly to poetical composition, and 
partly to the preparation of his history of the Moorish 
msurrection of 1565-70 (Guerra de Gianadu) He died 
at Madrid (which he had obtained leave to visit on some 
business errand) in April 1575 e 
Mendoza» Laval de Tomes, trough written dumng his 
college days wis not published until 1558, when it was pimted 
anonymously at Antwuip Next year it was reprinted at Burgos 
but ultimately it was taken exce pti n to by the Inquisition, and the 
Spanish ¢ litions of 1578 and subscquent years are accordingly con 
sidcribly able 1 It 1s a compuatively short fragment wiitten 
m vigorous and bight Castilian and was the first example in modern 
litcrature of the ‘ novela pee of which Ie Sages Gul Blas 
now ranks as the most perfect specimen The continuations first 
by .n anony mons author (1555) and afterwards by H de Luna (1620) 
are of very infirior interest Of Mendoz1 2 a poet all that need 
te sud here 19 thit he followed the mo tern Italian models quite as 
firas wis compitil] with adueicgud to his Castilian imdividu 
ality has history though of no gieit bulk 1s hke his novel a 
work of remark vble literary execution It 1 lates indeed only toa 
comparitively brief cy isode in 9 chapter of events for which it 1s 
almost 1m) ossil le to arm much gencral attention, and it 1s often 
nuedlessly erudite aud sometimes povohingly obscme But as a 
whole itis singularly well informed, cigmihcd, and picturesque, ‘the 


style 1s bold and abrupt but true to the idiom of the linguage and | 


the current of thought 15 deep and strong easily catrving the reader 
onward with its floo! Nothing in the old chronicling style of the 
eaihier period 15 to be compaic! to1t ani little im any subsequent 

e101 18 ¢ qual to 1t for manliness vigour and truth (Ticknor) 
Mi fist elition of the Guerra de Gr mada did not appear until 
1610 but wascven then incomplete — the first 1 crfect edition wis 
that of 1730 ‘The work has frequently been reprinte 1 since 


MENDOZA, INico Lopez pE See SANTILLANA 

MENELAUS, king of Sparta, was the brother of 
AGAMEMNON (q1 ) and the husband of Hetzxa (gv) He 
was one of the heroes of the Trojan horse, and recovered 
his wife at the sack of the city On the voyage home 
wards his fleet was scattered off Malea by a storm which 
drove him to Crete, afte: seven ycars further wanderng 
to Cyprus, Phenicia, Egypt, Ethiopia, Libya, and the 
country of the Erembi, he at last uad an interview with 
Proteus and obtained a favourable wind which brought him 


home on the very day on which Orestes was holding the into a very valuable guano 
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long and happy hfe in Lacedemon, Menelaus, as the son 
in law of Zeus, did not die but was translated to Elysium 

MENGS, Avrony Rapuazt (1728-1779), was the most 
celebrated representative of the eclectic school of painting 
in the 18th century, and played a great part in the early 
days of the classic revival He was born in 1728 at Aussig 
in Bohemia, but his father, a Danish painter, established 
himcelf finally at Dresden, whence 1n 1741 he conducted his 
son to Rome Mengs early showed that active intelligence 
and large capacity for laborious study which secured him 
the eatraordinary distinction which he enjoyed through life 
His appointment in 1749 as first painter to the elector of 
Saxony did not prevent his spending much time m Rome, 
where he had marned in 1746, and abjured the Protestant 
faith, and where he became 1n 1754 director of the Vatican 
school of painting, nor did this hmder him on two occasions 
from obeying the call of Charles III of Spain to Madnd 
There Mengs produced some of his best work, and 
specially the ceiling of the banqueting hall, the subject of 
which was the Triumph of Ttajan and the Temple of Glory 
After the completion of this work in 1777, Wengs again 
returned to Rome, and there he died, two years later, in 
poor circumstances, leaving twenty children, seven of whom 
were pensioned by the king of Spain Besides numerous 
paintings in the Madrid gallery, the Ascension at Dresden, 
Perseus and Andromeda at St Petersburg, and the ceiling 
of the Villa Albani must be mentioned among his chef 
works In England, the duke of Northumberland pos- 
sesses a Holy Family, and the colleges of All Souls and 
Magdalen, at Oxford, have altar jneces by his hand In 
his writings, in Spanish, Itahan, and German, Mengs has 
put forth his eclectic theory of art, which treats of per 
fection as attaimable by a well schemed combination of 
diverse excellences,—Greek design, with the expression 
of Raphael, the chiaroscuro of Correggio, and thes colour 
of Titian His close intimacy with Winkelmann—who 
constantly wrote at his dictation—has greatly enhanced 
his historical importance, for he formed no scholars, and 
the critic must now concur in Goethe’s judgment of Mengs 
in Wenkelmann und sevne Jahrhundert, he must deplore 
that so much learning should have been alhed to a total 
want of initiative and utter poverty of invention, and 
embodied with a strained and artificial mannerism 

See Opere di Antonio Raffaello Mengs Parm: 1780, Mengs’ 
Werke, ubersetat v G F Prange 1786 Zeatschrift fur bildende 
Kunst, 1880, Biancom, Elogto Storvco de Mengs, Milan 1780, 
Nagle s Kunstlerlexkon c é 

MENHADEN, economically one of the most important 
fishes of the United States, known by a great number 
of local names, “menhaden” and “mossbunker” beings 
those most generally muse In systematic works it ap- 
pears under the names of Clupea menhaden and Brevoor 
tia tyrannus It 1s alhed to the European species of shad 
and puchard, and, like the latter, approaches the coast mn its 
wanderings 10 immense shoals, which are found throughout 
the year in some part of the littoral waters between Maine 
and Florida, the northern shoals retiring mto deeper water 
or to more southern latitudes with the approach of cold 
weather The average size of the menhaden 1s about 12 
inches Although it was long known as a palatable table 
fish, and largely used, when salted, for export to the West 
Indies, and as bait for cod and mackerel, the menhaden 
fishery has been developed to its present importance only 
within the last twenty years A large fleet of steamers 
and sailing vessels is engaged mit, and a great number of 
large factories have sprung into existence to extract the ol, 
which 1s used for tanning and currying, and for adulterat- 
ing other more expensive oils, and to manufacture the refusg 
In the year 1877 2,426,589 


funeral feast over Aigisthus and Clytemnestra After a | gallons of oil and 55,444 tons of guano were prodwced. 
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An extensive business 13 also carried on in converting 
, menhaden of a suitable size into “ American sardines ” 
Avery complete account of this fishery 1s given by G Brown 
Goode m ‘*The Natural and Lconomic History cf the American 
Menhaden United States Comnussim of I ish ail Fisherves, part 
v, Washington, 1879 
MENIN, a small Belgian town, in the yrovince of West 
Flanders, 1t 18 traversed by the nver Lys, which there 
forms the boundary between France and Belgium The 
population mm 1850 was 10,200 Commercially and 
industrially Menim ranks high for its size, possessing, as 1t 
does, umportant manufactures of lincn, oil, soap, dc, as 
well as sugar refineries, breweries, and tanneries, and 4 
good corn and cattle market Tobacco 1s extensively 
grown in the neighbourhood, and forms one of the mam 
items of lawful trade, a good deal of illicit traffic also being 
*carried on across the French frontici 
Menin does not appear to hive been in any way worthy of note 
until the 14th century Philip I[® cused it to be fortified in 1578 
It was taken by Turenne im 1658 Vuiuban sul yee sun 
rounded 1t with elaborate works, and male it one of the strongest 
citadels in France, but all its fortificat ons were 1ied in 1744 
It belonged to the Netherlands in 1815 and becime 3 ut of Belgium 
in 1830 
MENINGITIS (from pjmyé, a membrane), a term in 
medicine applied to inflammation affecting the membranes 
of the brain (cerebral meningitis) or spinal cord (spinal 
meningitis) or both 
Of cerebral meningitis there are two varieties —(1) that 
due to the presence of tubercle in the membranes of the 
brain, which gives rise to the disease known as tubercular 
meningitis, or acute hydrocephalus and (2) simple or 
, acute meningitis, which may arise from various causes 
Among the more common are injuries of the head, extcn 
sion of disease from contiguous parts, such as erysipelas of 
the scalp or caries of the bones of the ear, exposure to 
cold or to extreme heat, the presence of tumours in the 
substence of the bram It may hkewise occur in the 
course of fevers, rheumatism, and inflammatory affections, 
and also as a result of mental ovei work, sleeplessness, and 
alcoholic excess This latter variety of meningitis 1s less 
common than the former, but it 1s on the whole more 
amenable to treatment The symptoms present such a 
veneral resemblance to those already described in tubercular 
meningitis that 16 1s unnecessary to refer to them in detail 
(see HYDROCEPHALUS), and the treatment 1s essentially the 
same for beth ° 
Spinal meningitis, or inflammation of the membranes 
mvesting the spinal cord, gencrally results from causes of 
ea similar kind to those producing ccrebral meningitis, — 
Injuries, exposure to cold or sudden changes of tempera 
ture, diseases affecting adjacent parts such as the vertebral 
column or the spmal cord itself, or extension downwards 
of inflammation of the membranes of the brain It 1s said 
to be most common in males As in the case of the brain, 
the membranes become extremely congested exudation of 
lymph and effusion of serum follow, and the spinal cord 
and roots of the nerves become more or liss mvolved in 
the morbid process 
The chief symptoms are fever, with severe pam in the 
back or loins shooting downwards into the limbs (which 
are the seat of frequent painful involuntary startings), 
accompinied with a feeling of tightness round the body 
The local symptoms bear reference to the portion of the 
cord the membranes of which are involved =Thus when 
: the inflammation 15 located in the cervical portion the 
muscles of the arms and chest are spasmodically contracted, 
and there may be difficulty of swallowing or breathing, or 
embarrassed heart’s action, while when the disease 15 seated 
in tee lower ‘portion, the lower limbs and the bladder and 
rectum,are the parts affected in this way At first there 
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1s excited sensibihty (hyperesthesi1) m the parts of the 
surface of the body m relation with the portion of cord 
affected As the disease advances the. symptoms give 
place to those of partial loss of power in the affected 
muscles, and also partial anesthesia ILhcse various 
phenomena may entircly pass away, and the patient after 
some weeks or months recover, or, on the other hand, they 
may increase, and end in }xrmanent paralysis 

The treatment 13 directed to allaying the pain and 
inflammatory action by oprites Irgot of rye 19 strongly 
recommended by many physicians The patient should 
have perfect rest in the recumbent, or better still im the 
prone, position Cold applications to the sj inc may be of 
use, while scrupulous attention to the functions of the 
bladder and bowels, and to the condition of the -kin with 
the view of preventing bed sores, 1s all important 


Epdemic Cerebro spinal Ve ungitss—This name as well as 
cercbo sprnal ferer, 18 applied toa disc ise defined in the or vencla 
ture of Diseases as * a malignant ey idemuic fever, attended by painfur 
contractions of the muscles of the neck and retza ti n of the head 
In certun epidemics it 13 frequently accomy ani 1 by a profuse } ur 
puric eruption, and occasion ally by secondary effusions into certain 
joints Lestons of the brain and spinal cord are found on lissec tion 
Lhis disease appears to have been first distinctly recognized in the 
year 1837, when it yrevuled as an cpidemic in tle south west of 
fiance, chiefly amcng trooys in gurison For several vears subse 
quently it existed in Vario Is othe: localities in Fran ¢ and most}y 
among soldieis At the samc time in other countiics In western 
and central Euroy e the disease was observed 1n ey idemic outbreaks 
both wmong civil and milituyyoyulations In 1846 it first showed 
itself in Ireland chiefly among the inmates of workhouses in Belfast 
and Dublin Numcrous outbrevks occuried also about the same 
}cuiod in many puts of the United States In more recent times 
the discase has repeatedly appeared both in Ewiope and America, 
but 1t has seldom prevailed extensively in any one tract of c untry, 
the outlievhs affecting for the most on limited commuuities, such 
a ,Ulisons or cam}s schools workhouses and pnsons 

Little 1» hnown 1egarding the causation of this disease ll ages 
seem liable to suffer and, as regards se. maks ue affected more 
commonly than females Occupation anJ condition of lift appear 
to exeicise no influence It has been observed to occur most 
aequently in cold seisons The question of the contagiousness 
of cerebro spinal fever remains stil unsettled Lut the weight of 
vathority ap} ears to be in frvour of the theory of the communica 
bility of the diseise It cannot, however te1egar! 14s contagious 

_ the sime degree as son. other specific fuvers, su hi as ty phus fever, 
nall } ox, o1 scarlatina 
The following aie the more prominent symptoms After a few 
days of Saari discomfort the attach comes on sharply with ngors, 
intense headache, gid limess and vomiting Neutalgic yains in 
the abdomen, and pin with spasmodic contractions mm the muscles 
of the extremities, occur at an earlv stage The headache continues 
with great severity and restlessness and deliiium supervene accom 
pwned with periods of somnolence The pans and spasms rapidly 
ucrease, the muscles of the neck spine and limls bemg 5 ec1ally 
ftected ‘Lhe ; atient s herd 1s driwn backwards and rigidly fixed, 
the spine aiched, and the arms and legs powerfully fexed the 
whole condition beanng a considerable resemblance to tetanus. 
For a time there i srevtly creased sensibility ot the skin pain 
being excited by the sh htest conta t There 1s mcre or less fever 
present About the frurth diy of the disease an erujti n on the 
shin both of the face and body frequently a pears m the form 
either of pury uric spots or small clear vesicles Drath mav take 
place in from 2 few hours to e1,ht or ten days Show! 1 the patient 
survive the imme liite shock cf the attack serious compli ations 
are apt to appeu in the form of destructive intlimmiti n of the 
eyes or ea1s inflammation with effusion into certun ) ints anl 
pte of linibs or agun, recovery muy tohe plt oo itter' a pr 
onged consalexence The mortality aj pears to vary in diflerent 
fear In some being as high as §0 pur cent in cthers only 
about 20 percent Certun forms of the diseae oof malignant 
character flom the fist and very rapidly fatal 

The chinges found aftcr death in cerebro spinil tever We intense 
inflammation of the membrine of the Lram ani spinil cord, with 
cffusion of serum or }us into the ventricular and arachnoid spaces 

The treatment 1s similar to that of other febmle conditions but 
for the special symptoms cf pain spasm &c opium stems to have 
been found of cmiment service, while jumine and erot of rye are 
also recommended 


MENNONITES 15 4 name borne by certam Christian 
communities in Europe and America, denoting their 
adherence to a t}jx of doctrme of which Menno Simons 
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was, not indeed the originator, but the chief exponent at 
the time when the anti pedo-baptism of the congregations 
im which he laboured tuok permancnt form in opposition 
to ordinary Protestantism on the one hand and to the 
theocratic ideas of the Munster type of anabaptism on the 
other The original home of the views aftcrwaids called 
Mennonite wasin Zurich, where, as early as 1525, Grebel 
and VMinz founded a community having for its most dis 

tinctive mark baptism upon confession of faith The chief 
doctrines of thesc Zurich Baptists have been already stated 
in the article Baprists, vol 1 p 353 The main interest 
of the sect lay not m dogma but in dwciplne Within 
the communities evangelical life was reduced toa law of 
separation from the world, and this separation—enforced 
by astringent use of excommunication and the prohibition 
of mainiage beyond the brothuhood—involved not onl) 
ibstinence from worldly vanitics but refusal of crvic duties 
(the state bung held to be un Christian)—refusal to take 
in oath or use the sword = In their revolt against the cor 

ruptions of the mediaval chuich the Reformers nuthu 
denicd the continuity of the church as an organization nor 
unpugned the Christian character of the state The new 
sect did both and thur position thus appeared so radically 
subversive cf the foundations of society that it 19 not sur 

prisms under the impu fect views of toleration then current, 
that they Ilecame the objects of bitter persecution tiom 
Protestants as well as from Catholics But the Grebelians 
had no desue, like the fanatics of Munster, to found a new 
theocracy in opposition to the anti Christian state They 
sought only to withdraw from what their conscience con 
dumncud content to live as strangus upon eath, aud desot 
ing all their energy tc preserve the purty of thur own 
communities The mediaval conception of separation from 
the world as the tine path of Chistian perfection had 
leavened all middle class society in Lurope, and preparcd 
many to accept separatist views of the church a» soon as 
they were reached by the impulse of 1cvolt agunst Roman 
Catholicism the pursuit of holiness in a society protected 
by a strict discipline 1s an idea which experience has shown 
to have a great attrition for one class of earnest minds , 
hence, in spite of pursccutions mmcomparably fiercer than 
any of the larger Protestant bodies cver underwent, the 
new doctime aud praxis rapidly spread from Switzerland 
to Germany, Holland, and even to Trance Each com 

munity was quite independcut, united to the rest only by a 
Yond of love There was no sort of hierarchy, but only 
‘exhoiters ’? chosen by the conzregation, of whom the 
most promment were also “cldus’ entrusted with the 
administration of the sac1aments—an organization so casily 
kept alive or reproduced that the movement could hardly 
be chechcd by any persecution short of the total anmlil 

tion which at Iength was actually the fatc of many of the 
Swisscommunitics The remnants of the Swiss Mennonites 
broke 1m 1620 into two parties, the stricter of which the 
Ammanites or Upland Mennonites, were distinguished from 
the Lowland Mennonites by holding that excommunication 
of one party dissolyed mariage, and by their rejection of 
buttons and the use of the razor Their persecution lasted 
till 1710 a few congregitions still remam and kcep 
themvelves quite distinct from Baptist bodies of morc 
modern origin ‘n Germany the Mennonites are some 

What more numerous, more important are the German 
Mennonite colomes in southern Russia, brought thither in 
1783 by the empress Catherine, which m turn have recently 
sent many emigrants to Amcrica America indecd, and 
especially Pennsylvania, early became a refuge for the 
Mennonites of fwitzerland, the Palatimate, and Holland, 
and is now the chief home of the body (175,000 in the 
United States and 25000 m Canada) The oldest con 

gregat.on is that of Germantown (since 1683), 
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numerous of several divisions are the Old Mennonites, cor 
responding to the less strict of the Swiss sections 

All these communities in Europe and America are dis 
tinzuished by an antique simplicity combed with antique 
prejudices, by indifference to the interests of the greater 
world, while at the same time their industry and self con 
centration have made them generally wellto-do Their 
religious type has varied very little mm the course of 
centuries, as indeed 1» not surprising, their theology 
bumg ascetic rather than dogmatic or speculative The 
Mennomtes of Holland, on the other hand, have passed 
through an interesting and progressive history 


It was in Holland and the adjoming parts of Low Germany that 
the peisonal influence of Menno Simons (1492-1559) was mainly 
felt He was onginally a priest and was pistor at his nitive place 
Witmarsum in Fnesland from 1531 to 1536, when convictions long 
ripening 1n his mind compellcd him to resign lis cme 
tume the anti pedo baptist socicties in the Low Countnes were much 
agitate] ‘Lhe views which had just before received their political 
de ith} low at Munster (see AY ABAILI515) Wole not extinct, and 
even those who did not shaie them were by no means at one 
Menno attached himself to the Obbenites, who held that on earth 
tiue Christians had no prospect but to suffer persecution, refused to 
use the swor!, and looked fo: no nullennium on caith Menno 
became one of their cldus and by his wandcrings among th 
sc itteied and oppicssed communities, and especially by the natural 
elo yucnce and icligious power of his numelous wiltings did much 
t> sustun the futh of lis associates, to confirm the ty pe of then 
ichinous life and to prevent starthng abciiations mm doctime o1 
disutpline He was not an onginal thinker, but the love whicl. 
ul felt fn the man and which was kept alive for generations by 
his wittings, give him the ylace which the name of Mennonites 
CAPTLSSLS 

t may be asciibed to the influence of Menno s wiitings that the 
Dutch Mcnnomtes, thou,h for a time (since 1554) they broke into 
frictions on questions of dis 1pline, aud es} eciily on the effect of 
e\communic ition upon marie ever fell so fa: apart as yards 
the ty,e of their religious lite a, to preclude the possibility of re 
union The Waterlandets in North Hollind who held te least 
stiict doctrine of excommunication soon moved farther in the 
due tion of hberahty, and exchanged the name Mcnnonites for that 
of Doo} sg zindcen (baptist persursion) In 1579 they refuse 1 to 
condemn an) one for opmions even on the inciunation wlirch the 
word of Sc12} ture did not pronounce necessary to saly ition ‘Lhey 
ulei William the Silent with moncy, and from 1081 to 1618 cven 
ac epted civil ofhue = Mcantime the stiictc: party had undeigone 
yaiious divisions, which however, mm 1627-82 were 1eunited on 
the basis of confessions esscntiilly eml odying Menno s teachings 
‘Lhey too had leained moderation, at least in then views of excom 
muni ation anil then antithesis to the stite was softened since 
the « ation of persecution m 1581 but csyecially since m 1672 
th y wore recognized 13 citizens = On the otha: hand, the adoy tion 
of 1 confession had deepcned the separation between them and the 
hi eral Doopsgezinden, but doctrine was n ®: theefundamcutal 
inc le of the Mennonite communities, confessionalism took no 
fm 2 ot anl the two sections gradually apm ached and through 
is nes ft 7 itial fusions became at length tinally umtcd when the 
Amst 1 lam congregations cme togetha: in 1801 The } c1suasion 
de lined much in numbers im the 18th century since ch it has 
Incieised, and has now 127 congregations with newly 50 000 
m inbers ‘The objection to hold civil office distppcared im 1795 
that tocury ums in the wat of freedom agaimst Nipoleon Baptism 
on j1of scion of futh an the refusal of the oath tolerance in 
mitters of doctine without religious indifference, are the chief 
muhs of the boly, whi h im port of theological culture and 
pm Heri enlishtenment yhilauth: pie zeal and social umportancc, 
}us] ng stool vary high 


Autio wtwes —The lest hfe f MWonno Simons is Ciamers 1887 De Hoo 
Sl fle sith 1H zgthtt RL is cacellent only cne point of conse 
q !t ecinhs acc unt 6 ens te call fot mi dification —the book against John 

f Icydcen saiit } ave been publ shed before Menno joined the Obbeuites is 
aln St Ceitainly spurious Se Sepy Geschtedkundtge Nasporingen 1 (1872) 
1 19% sg The ¢ mple cst editi n of Mcnnos works is that in folio 168 Many 

fth aie kn wn only in bad Dutch vaisons Menno himself wiote in the 

0 sters hor bast Sta Dialcct of low German fo the literatuie on the 
Meri nites m gene al se De Hoop Scheffer on whom the foregomg sketch 13 
manly d ycendent 


MENSHIKOFF, Atexanprr Dantiovicn (1672-1729), 
horn at Moscow on the 17th of November (0 8 )d672, was 
the son of a poor man, who employed him to sell cakes 


° 


At this. 


about the streets of that uty In this humble occupation 


hc attracted the attention of Lcfort, onc of Peter the Great + 
most active co operators, who was pleaxd with his spraght- 


the most lines, anu took hum into his service Peter, soon afterwards 
e 
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seeing the youth at Lefort’s, was also delighted with him, 
and took him to be his page Menshikoff soon became 


~ mdispensable to the czar, assisting him m his workshop, 


and displaying signal bravery in the company of his master 
at the siege of Azoff He formed one of the suite of Peter 
during his travels, and worked with him at Saardam and 
Deptford Throughout his wars with the Swedes, Men 
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means of creating dislike to the father A chain of events 
was gradually leading to the downfall of the favourite 
He was soon refused admittance to the summer palace, 
whither the young czar had retired Next he was arrested, 
and so overpowered was he at his disgrace that he 
had an apoplectic stroke In vain did he address letters 
both to the emperor and his sister Shortly after, by 


shikoff was the companion of the czar, and greatly distin | order of the czar, the fallen magnate departed from 


guished himself or his gallantry at the battle of the 
Neva, on the 7th of May (os ) 1703, he received the order 
of St Andrew In 1704 he was made general, and at the 
request of the czar created a prince of the Holy Roman 
Erfpire His house on the Vasilu Ostroff was magnificent , 
there ambassadors were received, and banquets were given 
gorgeous with gold and silver plate Unfortunately there 
1s a daik side to the picture, and the favourite was guilty 


e of extortion to such an extent as to bring him under his 


master’s censure On the death of Peter the position of 
Menshikoff became very perilgus , his successes had raised 
about him a host of enemies eager for his downfall The 
Gohtzins, Dolgoroukis, and all those who formed what may 
be called the Old Russian party, wished to proclaim the 
son of Alexisemperor Those, however, whose aggrandize- 
ment was bound up with Peter’s reforms—Venshikoff, 
Apraksin, Bontourlin, Goloffkin, and others—w ere in favour 
of giving the crown to Peter’s widow, who accordingly 
ascended the throne as Catherme I During her reign the 
mfluence of Menshikoff was unbounded, and he virtually 
governed the country, but the empress died in 1727, 
after a reign of two yeais She had made a will, no 
doubt at the istigation of the favourite, to the effect 
that Peter, he: grandson, was to be czar under the guardian 


. ship of Menshikoff, whose daughter Mary was to be marned 


to the youthful sovereign Under pretence of taking care 
of the young czar, Menshikoff caused him to be removed 
to his house and surrounded him with his creatures 
was now at the height of his power, foreign ambassadors 
remafhed that even the great Peter himself was never 
feared so much The young czai, however, showed no 
affection for Mary Venshikoff, and the girl was equally 
apathetic towards her betrothed, bemg m love with a 
member of the family of Sapieha at the time her father 
had forced her into the engagement The Dolgoroukis 
used the aversion of the young munce to his nancee asa 


He | 


!on an efficient footing 


St Petersburg, but more hke a nobleman retimng to his 
estate than a culprit going into exile The people regarded 
him with dislike, and most of them rejoiced over his fall 
On his way a cour arnved with orders to take the 
ezar’s ring of betrothal from his daughter Mary and give 
her back her own, which had been worn by Peter II 
Menshikoff was not permitted to pass through Moscow, 
but was conducted to Oranienburg, in the government of 
Riazan, and there placed under strict surveillance Soon 


_ afterwards the whole family was banished to Sibena, and 


arrived at Berezoff towards the end of 1727 Menshkoff» 
wife died on the journey, and was buried near Kazan On 
the arrival of the prisoners they were lodged in a woaden 
house, consisting of four rooms But Menshikoff did not 
long endure the horrors of exile in this inclement region 
According to Mannstein, he dicd (November 12, os, 
1729) of an apoplectic stroke, because there was no one 
at Berezoff, as he himself remarked, who understood how 
to open a vein The young czar ordered the release from 
exile of the two remaiming children of Wenshikoff,—his 


| daughter Mary had died at Berezoff mm the same year 
jas her father,—and restored some of then property to 


them 

WENSHIKOFF, (LEX ANDER SEPGEIEV ICH (1737-1869), 
great grandson of Peter» favourite, born in 1787, entered 
the Russian service as attache to the embassy at Vienna He 
accompanied the emperor Alexander throughout his cam 
paigns against Napoleon, and attained the rank of general 
but retired from active service in 1823 He then devoted 
himself to naval matters, and put the Russian marine 
which had fallen mto decay during the reign of Alexander 
On the outbreak of the Crmean 
War he was appointed commander in chief, and suffered a 
severe defeat at the Alma On the death of the emperor 
Nicholas m 155 he ways recalled, ostensibly on account 
of failing health He died in 1869 
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ENSURATION, o1 the art of measuiing, involves 
the construction of measures, the methods of using 
them, and the investigation of rules by which magnitudes 
which it may be difficult or impossible to measure directly 
are calculated from the ascertained value of some associated 
magnitude It 1s usual, however, to employ the term 
mensuration in the last of these senses and we may 
therefore define it to be that department of mathematical 
science by which the various dimensions of bodies are 
calculated from the simplest possible measurements 
The determination of the lengths and directions of 
straight lines, including what are familialy known as 
problems in heights and distances, generally depends on 
the solution of triangles, and will be discussed in the 
articles TRIGONOMETRY and Survixiwu The remaming 
portions of the subject are the dete:mmations of the 
lengths of curves, the areas of plane or other figures, and 


. the volumes and surfaces of solids and it 1s of mensuia- 


tion as thus restiicted that the present article will discuss 


esome of the more 2mportant problems 


§ 1 Units of Length, Area, and Volume — In measurmg | 


any magnitiide we select some standard or “unit” to mea 


sme by Thus in measuring length we take for unit an 
inch, a foot, or ayard From the unit of length we denve 
the units of area and volume Thus we define the unit ot 
area to be the aica of the square described upon the unit 
of length, and the unit of volume to be the volume ot the 
cube whose edge 1s the unit of length or whose side 1, the 
unit of area = For eaample, 1f an inch be taken a» the unit 
of length, the square whove side 15 1 inch 1s the unt of 
area, and the cube whose edge is 1 inch is the unit of 
volume The length of a lime, the area of a surtace and 
the volume of a solid are then expressed by the numbers, 
whole or fractional, of units of length atca, and vclume 
which they respectively contam Hence, if / denote the 
linear unit, the length of a line which contams a units 1s ad, 
or simply a smee / isunity similarly the area of 1 ~urface 


| which contains 6 units of area 18 bm, or simply ¢ where 


m 18 the unit of area 

$2 Commensurable and Inommensurable Wiynitudes — 
When two magnitudes have a common measure, that 1s, 
when another magnitude can be found which 1s contained 
in each an exact number of times, they are said to be 
“commensurable” Thus a line 44 and another 34 inches 
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long are commensurable , for, if 4 ich be taken as unit of 
length, the former contains the unit nine times and the 
latter seven times If no common measure can be found, 
the two magnitudes are said to be “incommensurable ” 
For instance, 1 and /2 have no common measure, for 
J2=1 4142 an mtcrminable decimal, and hence no 
unit, however small, can be found which will be contained 
in each an exact number of tumes If, however, we take 
J/2=1 4, the error will be less than 5 if J2=1 414, 
the error will be less than , sy dc Hence, by taking a 
sufficient number of figures, we can find a fraction which 
will differ from /2 by less than any asuignable quantity, 
and therefore we can alwiys find two commensurable 
magnitudes that will represent two mcommensurable ones 
to any degree of accuracy we please In what follows we 
need thcicfore only consider commcnsurable lines 

§ 3 Aret of a Rectangle —Let the side AB (fig 1) con 
tain a umts and the sidc BC b units of length If we 
divide AB into a equal parts, B 
each equal to the unit of length, 
and sumiarly BC into } equal 
parts, and if through the points 
of division we draw lines 
parallel to the sides of the 
rectangle these lines will di 
vide the rectangle into a selies 
of rectansles, each of which 1s 
the unit of area, since each 15 
a squire whose side» are of 
unit length As we have a rows of these rectangles, and 
41n each row, the whole number of rectangles will be ab 
Therefore 


D 
Mis 1 


ara of ABCD =ab units of arer 
=ab 


PART I —PLANE FIGURES 
Srction ] —Prank FictuURFs CONTAINID Bi Stp iuGHi LINES 


A Tl Rectang! 


§4 Let ABCD (fig 2) Ie 1 recty Je 
BC=DA=), AC=c, and the angl A 
BAC =a, 1t 15 required to fin 1 its ates 
Since a rectangle 1s completely d 
termined when two indepen lent data 
one of which at least 15 a len,th wu 
given connecting 1ts pirts we can de 
termine its area in the following se 

(a) Wher its length a and rts breadth 
b are giien —It has alrcaly been j1¢v¢ 1 


(§ 8) that 
area of ABCD =al 


or the «rca of a rectangle 1s equal to its length multiplied by its 


breadth 
Luample —let a=12 feet 6 inches and b=9 inches, then 


aiea of ABCD =12 ox 75=9 375 s jurre feet 
ff we make use of Jogaritlims in the 1 ove calculation we have 
log area =lora + logd 


nd Jet AB=C]) 1 
B 


Fig 2 





logy logl125 —1 0969100 

logb—log 75=1 8750618 
therefore logarea= 9719718, 
hence area=9 375 


(B) When a nde a and the dragonil c are quen —By Euclid 
1 47 we have — 
B=~’—a’, or ba Ve? a?, 
area of ABCD —ab=aVe?—a?, 
log area =loga + $log(c+a)+#leg(¢—a) 
Example —Let a= 238 and c=456 thn 
loga= log238 23765770 
flog (c+ a) =410g694=1 4206797 
$log(c- 0) =}log218=1 1692282 
log area =4 9664849 , 
area = 92573 1 


therefore 
or 


therefore 
hence 


| 


MENSURATION 


(y) When a side a and 
— Since 


ats unclenation to the dvagonal are guven, 


> tana, b=atana, 


area of ABCD =ab=a?tana, 
log area= 2loga + Ltana—10 
Example —Let a=36 and a~32° 25 15, then 
2loga=2log36= 8 1126050 
Ltana=Ltan32° 25 15 = 9 8028622 
therefore Jog area=12 9154672 ~10=2 9154672, 
hence area = 823 127 
(3) When the diagonal c and a tts wnclinatwn to ether of the 
sides are given —W< have 
a=ccosa, and b=csina, 
therefore area of ABCD = ad=c*sin aoosa=4e'sin 2a, 
or 2area=c’sin2a, 
and hence log 2 area =2loge + Lsin 2a ~ 10 
§5 A square being a rectangle whose sides are equal, we can at’ 
once determine its area When one datum, which must be a 
length, is given the square 1s gompletely determmed, and hence 


we have only two cases to consider 
(a) When the side 1s given —From § 4, a, we have at once 


area of square=ab=a x a~=a‘ 
(8) When the diagonal c 18 given —Krom § 4, B, we have 
@+at=c?, or a? =}e , 
area of square=a?=4c?, or 2area=c?, 
log 2area = 2logc 


and therefore 
ol 


hence 
and therefore 


B Rught angled Triangles 


§6 The diagonal of every rectangle divides 1t into two equiva 
lent 11ght angle 1 triangles (Eucl 1 34) and hence the area of the 
right angled tnangle ABC (fig 2) 1s equal to half the area of the 
corresponding rectangle ABCD 


C Triangles Generally 


. In every trangle there are six elements to be considered, 
namely the thice sides and the ¢ 
thiec angles If any thiee of A 
these six be given, provided one 
1s a length the tingle 1s com ‘ 
jletely determined and hence ‘ 
its a1ea cin be found 

§8 Length of Perpendulars 
of a Triangle —In the tnangk 
(BC (fig 3) let BO=a, Ci=l, B 
AB=c, AD the perpendiculu 
fom A on BC=h, BD=:, 
and CD—y 

Since BDA and CDA are 11ght angles, we have 


=r +h?, and vay +h?, 


D 
Fig 3 


aud therefore ‘ 
B-o’=y -a =(y+2)(y-z)=a(y-z),® 


Bo? 





whence y-u= 


a, and, by solving these equations we obtain 
W+a?—e 
2a 
b?+a?-c8\2 (2ab)? - (0? +a?- cf)? 
we O8 m ytas G2 - f oe: 
a aa ( 2a 4a3 
(a+b+c)(b+e-a)(e+a—-b)(at+b-e) 
~ 4a 
han J atb+oj(b+e-a)le+a—b)(a+b—c) 


But y+a 


uence 


Now let at+b+c=2s, then b+c-a=2(s-a), cta-/ 2(8-6), 
anl a+b-c=2(s-c) 
Thetefore, on substituting and reducing, we obtain 


Similarly the parpendiculars from B and C on the opposit sides 
are respectively 


= v/s(s— a)(s— 6)(s—c) , and = Nae= ays — b)(s—c) 


§9 We now y 
triangle in the following 1mportant cases 
(a) When the base a and the alteude h are given —Sinee a 


roceed to investigate formuly for the area of a* 


MENSURATION 


triangle 1s equel to half a rectangle of the same base and altitude, — 


we have at once 
a; area ABC = §ah 


Erample —Let a=40 chains and h=14 52 chains, then 
area =4 x 40x 14 52=290 4 square chains 
(B) When two sudes a and c and the wncluded angle Bare given — 


Fiom fig 3 4 anB , and tuerefore h=csinB, 


hence area = $0h=}hacsinB , 
or log 2area=loga + loge + Lsin B - 10 
Example —Let a= 40, c=30, and B=30", then 
: area = dacein B=4 x 40 x 30 x $= 300 
(y) When the three sides a, b, c are given —From § 8 


has /s(s — a)(s — 6)(8—c) , 
and therefore 
: area = 4ah = 4a x a Nas —a)(s — b)(s— ¢) = Vs(s — a)(8— b)(8—c) ; 


or logarea =4 {logs + log(s - as log (s — b) + log(s~c)} 
Since 2s=a+b+c, we have 
area of triangle = 4 2(a5b? + 6%c? + c’a*) — (a4 + 64+ cf). 
Example 1 —Leta=18 b=14, andc=15, then 
8=$(18+14415)=21, s-a=21-18=8, 
8—b=21-14=7, ands—c=21-15=6, 
therefore arca= ‘/21 x 8x 7 x 6= 84 
Ezxainple 2 —Let a=255, b=238, and c=221, then 
logs=log357—= 2 5526682 
log(s-a)=log102= 2 0086002 
log(s—b)=los119= 2 0755470 
log(s—c)=log136= 2 1335389 
therefore log aiea = 4(8 7703543) =4 3851771, 
hence area = 24276 


(3) When any tuo angles B and C and the adjacent side a are 
e given —Since 


¢ _sinC me NC 
e a@ sinA’ sinA ’ 
and therefoie (by 6) ; 
‘ area=acsin Ba Bane , Where A=180°- (B+C), 


or Yog2area=2loga +LsinB+LanC + Leosec A — 30 


Since all the angles of a triangle are given when any two are 
given, we can find the area of a triangle when any two angles and 
any one side are given Thus, when A, B, and care given, we know 
C aleo, and the problem reduces to a case of the preceding 

(e) When the three medians a, B, y are guen —If a, 6, c be the 
three sides of a triangle, and a, 8, y the three medians, + ¢, the 
lines drawn from the angles to the middle points of the opposite 
sides, then by well known geometrical propositions we have 


4(a? + B+ y?)=3(a? +0? +c?) , 
96(a°B- + Bry? +770") = 9(a7t? + Bee +a), 


and 16(a4 + Bi + y*) = 9(a4 + b4 + 4) 

Now (§ 9, ) 

‘areaoftmangle =} 2(a-b-+b 8+ Ca-) - (at +b4 tes), 
therefore =iV2(a BP + Bry tora )-\at+ Bit), 


D Parallelograms 


§ 10 The opposite sides and angles of a parallelogram being 
equal, three imdependent 
data, one of which it least A D 
18 a length, are necessat\ and 
sufficient to determine 1t 
completely 

Inthe parallelogramA BCD 
(fg 4) let BC=DA=a, _ 
AB=CD=), AC=c, AE=h, B es Cc 
the angle ABC=a and Fic 4 
AOD=8 . 

Since the diagonal AC divides the parallelogram into two equi- 
valent triangles, we obtain 

(a) area of ABCD =2 area of triangle ABC 

=2x}axh ($9, a)—ah, 

e (8) area &f ABCD =2 xrea ABC =2 x fabsina (§ 9, B)=absina, 
or logarea = loga + logd+ Lsina-10 , 
® (y) area of ABCD =2 area ABC =2(ABO+CBO) 

=2{4BO AOsm AOB + 4BO COs COB} =2{4BO ACsinp } 

e * «BD ACsinB=}edsinB, 
log 2area = loge + logd + Lain 8 - 10 
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_11 If the parallelogram be equzangular (a rectangle), c=d, 
and area =4c?sinB If it be eguzlateral (a rhombus), B= 90°, and 
area =4$ed. If it be both equeangular and equilateral (a square), 


c=d and 6=90°, 1nd atea = 4c? as before (§ 5, B) 


kL Zrapezwms 
§ 12 To determine a trapezium completely four data are neces- 
sary and sufficient 
In the trapezium ABCD (fig 5) let BC=a, CD =), DA=c, AB=d, 


A D 
B E F C 
hig 5 
and AE perpendicular to BU=A, and draw A} parallel to CD, 
then 
(a) area ABCD =area ABC + area ADC 
=hah+4ch 
= tat eh, 


or the area 1s equal to half the sum of the parallel sides multiplies 
by the perpendicular between them 
Again, area of ABF =4BF x AE (§ 9, a)=4(a-cjh, 


also area of ABF =‘/s(s— AB) s— BF)(s— FA), 
where 2s—=AB+BF+FA, 
hence 


h=—— \/s{a— AB)(o— BF Ys FA), therefore 
(B) area of ABCD=4(a+ o)h= =" “x/ajs— ABY(e— BE)@~ FA) 


=P (Saxbaesda+b—c—dyarb—etd) a-b—e+d) 
since AB=d, BF=a-c, and FA=CD=) 


Thus we can find the area of a trapezium in terms of its sides 
§13 Ifc=0, ABCD becomes 2 triangle, and its area 


=}V(-atb+d)\at+b-diatb+d a-b+d) 
Again, if c=a, then also b<d, and ABCD becomes a parallelo 
gram, and its area takes the indeterminate form, as itshou'd do, 


since four sides do not completely determine a parallelogram 


F Quadrilaterals Generally 


§14 A quadmlateral 1s completely determined when five inde- 
pendent data ate given We consider the following cases 

(a) When any diagonal and the perpendiculars on rt from the 
oppose vertices are guren 


The quadrilateral ABCD (fig 6) = ABD+BCD 


=4BD AE+4BD CF 
=4BD\AE+CF), 
or the area 1s equal to half the product of the diagonal and the 
sum of the perpendiculars A 


If the diagonal BD fall B 
without the figure, as in the 
concave quadrilateral (1BCD 
(fig 7), then it 1s clear that 


area ABCD =4BD(AE - CF). D 


(8) When the diagonals and 
ther included angle are 
given —In the quadmnilateral Fig 6 
ABCD (fig 8, p 16) let BD=Ah, ACA, and angle DEA=a, then 


ABCD = ABD+BCD 
=4BD AEsina+4BD CEsina (§ 10, 4) 
=4h(AE+CE‘sina 
= fhisina, 
or the area 1s equal to the product of the diagonals andth sine of 
their contained angle A 
The same result holds 
when one of the dia 
gonils falls withont the 
quadrilateral, as in fe 
7, as the reader can easily 
verify 
(y) When the four 
sides and the angle be 
tween the diagonals arc B F = 
gwen —If a b, gd Fig 7 
the sides and a the angle 
between the diagonals it can easily be shown that 
area of quadilateral=3(a - 0? +¢?-d*)tana, 


Cc 
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(8) When the four sides are guen and the opposite angles are 
supplementary —In fig 8 let AB=a BC=), CD=c, DA=d, 


AC=h angle ABC=a, angle 
CDA=—£, anl let a+ f==180°, 
then 
areaofABCD=ABC + 1DC 
= habsina +4edsinp 
But B D 
sin B= sin (180° — a)=sina, 
thercfore 


arer of ABCD =4(ab+cd)sina 


This ae us the area of the Fig 8 
quadiilateral in terms of the four sidcs and once angle 
Again we have 


a +? -2abcosa—h?=c? + d° - Qed cos Bec’ + d? + Zed cos 

_7+e ¢ 
2(ab + cd) 

_(at+l +e-d)a+b-ct+d) 


therctore , wd hence 


(c+d+a—-b)(e+d-atb) 
2(ab + cd) 





1-.vosa= 
From this we obtan 
sin*a= (1+ cosa)(1 — cosa) 
(l+et+d al(e+dt+a—b)\(d+a+b-c)(at+b+e-d) 


4(ab +cd) 
Now let atb+c+d=2s, 
then h(ab+ed sma=V(s—a)(s—b)(8—c)(s—4) , 
therefore  arca of ABLD = V/(s-a)(s— 8)(s—c)(s—@), 


or log arc i=} {los (s - a) +log(s— b) + log(s —c) + log(s—d)} 

If d=0 the quadrilateral becomes a tnangle, and its area 18 
V/(s a)(s—b)(s cls ts before In extracting the square root of 
sin a we tihe the } ositive sign since the angle a 1s less than two 
right angles 


(: Resular Polygons 


§15 Since a regular polygon 13 both equilateral and equiangular, 
vcircle can be mscr3zbed within it and also desembed about it, and 
thus the ¢ straight lines drawn 
from the common centre of the 
two circles to the 2 vertices of the 
polygon divide it into n tiangles 
equil in evcry respect Therefore 
the area of the poly yon 1s equal to 2 
times the area of any one of these 
triangles 

§ 16 Jehus of Inserted and 
Ci cumserilel Circles —Let \B (fig 
9)=a be wile of 1 regular } olygon A B 


of nm sides let C be the centre of 

the inscribed ind circumscribed 

urcles, CD=r the radius of the E 
former and CF=R the radius of the Fig 9 


latter The angle ACB is evidently equal to the nth part of four 
night angles, that 15 
360° 


ACB==— , and ACD=4acB= 260 
Now AD= ‘ =(Dtan ACD = rtan 160 
and AD= * = ACsin ACD=Reinl8™ 
therefore 
and 


§17 Perimeter of Polygon —The perimeter of the polygon of 


180 , or onRsin 180% 
nr n 


From this 1t follows that the pernmcters of the mscribed and circum 
scribed regula polygons of n sides of circle of radius 7 are 


n sides 18 na 1¢, 2nrtan 





180° F 
2nrsin—— and Qurtan’ respectively 


818 Area of Polygon 
(a) In terms of r —The area of polygon 


=nACB=nAD CD=nx r%tan 180°. 


MENSURATION 


(B) In terms of R —The triangle ACB ; 
“3AC CBsmACB=4R?anSO0 


and therefore area of polygon =4nR?sin = 
(y) In terms of 1 —The tnangle ACB 


a a 180° a?_ 180° 
=4AB CD=— xr= > x sacot— —=7 cot aa 





4 
180° 


and therefore area of polygon =a? x joot 5 


log 4a1ea=logn+Lcot + 2loga-10 
Fiom aand 8 1t follows that the areas of the insumbed and cireum- 
sciibed regular polygons of 1 sides of a circle of radius r are 
dream OO and wr tan 7 
§19 In the formula (3 18, y) for the irea of a polygon, the 
factor Feat hasa defimte value for every value of 2, and hence, 


respectively 


if we find 1ts valua once for all for a large number of values of n, 
and tabulate the results, we caf find the aiea of a regular polygon 
of » sides by multiplying the square of its side by the appropriite 
tabular value 

Again, if a=1 we have 


180° 


180° 
r acts 


and R = 4cosec ——— 
” 


and thus we obtain in a similar manner the radius of the inscribed 
and circumscibed circles by multiplying the side by the ap ro 


priate tabula) value of 4 cot 1° and 4cosec sid respectively 
§ 20 The following table contains the values of oot and 


their logarithms, and the values of heot Ao and Jose 180 for all 


values of n from 3 to 12 





Loganthms 












3 0 433012 T 6360006 
4 1 0000000 C 0000000 
5 17204774 0 235€490 
6 2 v980762 0 4146519 
7 3 6339124 0 5603745 
8 4 8294271 0 6380568 
9 6 1218242 0 7911166 
10 | 7 6942088 0 8861640 

11 9 8f 2407 0 971537 
111961 24 1 0490685 





Let A denote the atea of 2 polygon of » sides and A the cor- 


responding tabular value of Feot! , then ‘ 


A=a?A’, 
logA=2loga+logA 


H —Length of the Radvus of the Inscribed, Eservbed, and 
Cur cumservbed Carcles of a Triangle 

_ 21 (a) Radius of 
Inscribed Curcle —Let O A 
(fig 10) be the centie of 
the circle mscribed in 
the tnangle ABC and F 
touching the sides in D, 
F and F Jom OA, 
OB and OC The 
ingles at D, E, F are 
Hatt angles (Eucl m 
18) Let BC=a, CA 
=b AB=c, and OD 
=OL=OF =r L D 

Now ABC= BOC Tig 10 


+COA +A0B 
=gar+hbrt+ ker=t(atb+c)r=rs , 





eQ 


re EE 


whence 


(8) Radvus of Escribed Curcles —Let OD=OE=OF =7,, then 
ABC=ACO+ ABO - BOC 
= hora + here — hara=4(b+c-a)ra=ra(8-a) 
Soa _ area of ABC _ /s(5 ~ a)(8~ b)(#~c) _ is - b)(a-0) 
8 s-a 
Similarly 


&8-@ 
no , ET wan ERED. « 
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(y) Radius of Cucumseribed Corcle —Let AD (fig 12)~p the 
perpendicular from A on the side BC, 1nd AE=2R the diameter 


A 





B Cc 
k 
e Fig 11 Fig 12 
of the circle, then (Encl 11 C) we have 
2Rxp=dKc, 

therefore 2R x ap=abe 

Now ap=2A, where A denotes the area of ABC, 

hence ate abe 


~ 4B” 4N/a(s—a)(s -8)(3—c) 
Example —Let a=13, b=14, andc=15 then r will be found 
to be 4, 7. 104, 73 12, 7,14 and R 8} 


Section II —PuaNi FIGUREs CONIAINED BY CURVED LIvEs 


A The Cucle 


§22 Circumference of a Cucle —If we insembe in any circle a 
regular polygon of n sides, and also cucumscribe a regular polygon 
of the sime number of sides, it 18 clear that the perimeter of the 
circle 18 intermediate between the perimeters of the inscribed and 
cycumscribed polygons, and that the difference between the pen 
meters of the inscribed and circumscnbed polygons can be iad a8 
small as we please by sufficiently increwsing x A similar state 
ment holds with reference to the areas of the circle and the in 
scribed and circumscribed polygons With the above assumptions 
it 18 eagly proved that the circumference of acircle bears a constant 
ritio to 1 diameter Hence we have 


Circumference = C= constant x radius = constant x r 
It 13 usual to denote this constant by 2x, and therefore 
C=2xr=-xd, whiere dis the diameter of the circle 


§ 28 Numerical Value of x —The constant « being, as can be 
easily proved, an interminable decimal, we cain only approximate 
to ifs value, but this we can do to inv degree of accuracy we please 

If s and o denote respectively + side of the inserbed and circum 
scmbcd polygons of m sides, nis wdo 2 side of the insenbed 
and circumacribed polygons of 2: sides it can easily be shown that 

rs ete 
= pe = od a 
(a) om Fay (8) 8 = Br) 1 - Vr = (88) ; 
cf 
. Yao s..%, 
0 Oe =i) 
where 7 1s the radius of the circle 

If we take r= § we find, by means of these formule, and by 
assuming the value of s when n=6, that the permmeter of inscribed 
polygon of 96 sides=3 140 , and the perimeter of circum- 
scribed polygon of 96 sides=3 142 

From this we learn that the circumference of the circle, in this 
case w, 18 greater than % 140 and less than 3 142 
and therefore as far as the second place of decimals 


wu3 ld 


By taking greater and greater values of » we obtain closer and 
closer approximations to r 

The preceding method for approximating to the value of © 15 the 
simplest afforded by elementary geometry, and 18 also the oldest, 
but better and more rapid methods are furnished by the higher 
mathematics The calculation of x has been carned to 707 places 


of decimals, the following being the first 20 figures in the result — . 


e 3 14159265358979823846 
For all practical purposes it 1s sufficient to take 
e 355 
w=3 14159 ore ss5 


§ 24 ,The following table contains the functions of + that are of 
most frequent occurrence nm mensuration — 
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Number | Logarithm | Nambe1 Logarithm 
w 81415927 | 04971499 , ® | 9.869044 0 904299" 
Qe | f2sgisss | 07981799 | 4; 
4e | 12 663706 , 10992099 | 55 | 00168869 2 2275490 
15707963 | 0 19¢1199 
1 0471976 0 0200286 fr 1 7724533 0 2485750 
0 7853982 | 1890899 | 
0 5280988 | 17189986 3/, 14645919 0 1657166 
0 3026991 | 1 5940599 ; 
w | 02617994 | 14179686 | -_ | 05641896 ) 17514251 
v 4 1887902 0 6220886 | nr 
ra 2 
fap | 00174583 | Deais74 =, | 11288792 | 0 0624551 
1 
= 0 sissv99 | 15028501 | wi 0 2820948 +=: Y 4008951 
4 6 
= 12732395 | OlossloL = 3/1 240"r10 , 0 0938671 
1 
ZG, | 00795775 , 39007901 | 3/ Me 060350 IT 92°37] 
seb v7 2957795 «= «17 g122F | loge 114499 Of 030 





§25 Units of Angular Measurement —In meas. iin, . 
select some line of constant length as the standarl or umt im 
larly mm measuring angles we require to take some an,sle f constant 
magnitude as unit angle The nght 
angle is by its nature the simplest unit Dic 
angle, but for convenience, we take the 
poth part of a nght angle for unit, and 
cil it a degree, which 15 subdivided 
into sixty equal parts called minutes 
and these again into sixty equal parts 
called scones For theotetical purposts 
we define the unit angle to be the angle 
subtended at the centre of a circle by an 
arc equal to the radius This angle we 
calla “radian In many treatises the 
radian measure of an angle 13 called 
the circular measure 

26 The radvan rs a constant angle —Let OA (ng 18)=are AB 
=r then AOB=radian, and let AOD=90° then 

arc AD=4x2er=— her, 


and, since ingles at the centre of a circle ire proportional to the 
arcs on which they stand (Kucl vi 33), 


number of degreesin radian AOB AB or 2 
number of degrees in 4UD AD der x 


therefore number of degrees in radian 
=90°x 2 = 57° 2957795 = constant 


§ 27 Number of Radians in any Angle —Let AOC fig 13) be 
any angle, (OB the radian, and AC=s, then 
number of radians in AOC AC ao 
one ridin 





Fig 18 


AB , 
therefore number of radians in A0C =— 


If AOC «90°, then s=4er, ani number of ridians=4" there are 
thus + radians in two and 2x in four nght angle~ 

When r=1 we have number of radians= \ anil hen e in some 
treatises for the number of radians in an angle we fn the Iength 
of the arc given 

§ 28 To transfer from degrees to radians ai? cont teen —Let 2 
denote the number of degrees in an angle and @ the numter of 





radians in the same, then, since 0° 
180 


Lod 2 
(B) x a 0 


Nie 
(2) Om ro" 

§29 The following table contains the values of @ tor viuues of 
x up to 180°, and also for minutes and seconds 



















£ 

b Radian é Radun e Radian == 
& z 5 

0174583 61 (1 0f 30D 121 2 TIME 
| 034066 62 LOX2OL 127 2198017 7 
0593599 63 «1009554 193 Olt SO 3 
0698192 64 11170107 194 210420 = 4 

| “0872665 Gy 1134640 125 2Inittle > 
1047198 , 6 14519173 126 21991149 © 

| 1221780 | 67 11¢98706 127 22168?” 
1396263 | 68 11968289 1 2240214 8 
1570796 69 12042772 129 22514747) 
1745829 70 1 2217305 130 22689280 10 
94906 9 80 1396%34 140 24494610 20 
5235988 90 15707963 150 26179939 30 
991317 100 1 7458293 160 27995988 40 
S"2646 110 19198622 170 2%°Q9" 40 







2 048951 3 141592" 






18 MENSURATION 


As an example of the use of this table re proceed to find th tude of any one of the x equal triangles of which this polygon 1s 


; ad 
value of @ when x=68" 45 17 8 eeNow an the limit, when x 1s indefinitely mcreased, P becomes 


When a= 68° O=1 1868289 , the arc AB=s, a result which we symbolize thus— 
em4) Om 0116355, L ena 
a= 5 O= 0014544, a 
z=10 6= 0000485, seas 
z= 7 6= 0000339, Sumilarly L,-. ? 
and whena=0 86= 0000039, Again, the area of the sector 1s ean! to the area of the poly gon 
when the broken line AB becomes the arc AB, that 1s, 


therefore whcn 7=68° 45 17 8 6=1 2000001 


§30 Combining the results of §§ 27 and 28 we obtain sector=]) A=. 1px P=31L,_., px bie P 


IOA es hrs 
3 §84 Let S denote the area of 1 sector of a circle, then, by means 
(B) 2 180 + : of the above result and § 27, we have . 
=e a) S=4or, 


( 9 
(B) S=4r@ 2=4$r°0 
§ 85 We proceed to find the area of a sector of a circle n the fol- 
lowing additional cases — 
(a) When the chord of the sector and the radvus of the circle gre 
hord of the arcand the radius of the crcle— given —In fig 14 let AB= oe AC==r, then we have 
¢ 


ome Vaaes (eases 


whence ACB and therefore 0 1s known, and S can be found by § 34 
ACB has two values, the smaller one giving the area of the minor, 
and the large: that of the major conjugate sector 


§31 Length of Arcs of Circles —The following are the more 
portant ciscs — 


(a) In ter ns of the ¢ 
Let AB (fig 14 =2c AG=r and ALB-=s, then 


AD=4AP— =rsin$C whence C 1s known, and therefore 
the are s 1s foun] (§ 30 +) 


(B) Juter icf the her sht of the arcand the radvus of the curcle — 


Let D] =h=height of arc then 
(D=CE-DE=r-h 


cas gC 7h ’ 


whence C is found and therefore s 
] 
A | Ue 
Sle 
i Tf 
Fig 14 Fig 15 





anl 


B 


§ 32 Huygens s Approximation to the Length of a Curcular Are — 
Let AB (fiz 15) =p be the chord of the arc AEB, and AE=EB=q 


that of huf the arc then the arc ALB=4 (89 — p) approximately 


kor let 7 denote the radius s the arc AEB, and 20 the angle 


8 


ACB, then p= = Agan AB=p=2AD=2r sin 6 = 2rsin 


and similaily g=2r sin at 
gs 9s 
375 


5 1 
theref 2 i= a(z) $( os) us 
ies al ir. (38\ ar +E ar de | 


ir'2 8 45 16 


aaa) tele) ~ | 


Now 


sin 6 = @ — 


Similarly 8]=167 


“48-93-2738 4 BE 


“AN 
A ee —— 
Let the secto: be OAB (fi 16) 


Divide the arc AB into 7 equal parts, Fig 16 
and draw the chords of thes. Let P denote the perimeter of the 
broken line AB, A the area of the polygon AOB, and p the alt- 


Hence, neglecting powers of 5 be. 
; 
yond the fourth we obtain 


approximate] 
n practice 1t 15 sometimes more 
convenient to use the equivalent 


form 
S= 29+ §(29 -p) 
§33 Area of Sector of a Circle — 


(B) When the chord and height of the chord are guen —Let 


DE (fig 14) —/ and AB=2e, then 


AC? = 72 = AD? + DC? =? +(r—h)*, whence 





rath , and therefore by previous case the atea can be found 


When the chord and angle subtended at the centre are given 


Qr’ 


(7) 
—Let AB (fig 14) =2c and ALB=@, then 
c ACB c 


— = sin ——, orr= 
r 7 es sin 40’ 


9 ¢ \3 
therefore area of sector =47°0=4 ( vp) x@ 





§ 36 Areaofa Corcle —The circle being a sector whose arc 18 the 


whole circumference we obtain at once 
area of circle=4rxs—=4rxQermqr2 =f 


An independent proof of this proposition might be given by 
means of the inscribed and cucumscribed polygons, and from the 
area of a circle the area of a sector can be deduced The infim 


tesimal calculus affords a simple and elegant proof (sec § 44) 
§ 37 If A denote the area 
the circumference of a arcle, we have 


a) A=xr, 

(B) A=4$x2arxr=—$Cr, 
4x’? C° 

(y) A= fee? 
whe”? xd? 

(8) ge ar 


Whence we see that the area of a circle 1s ate by multiplying 
; @ 


(a) the square of its radius by r=3 1415 
(8) the radius by half the circumference, 


(y) the square of the circumference by pa 07957, 
r 


(3) the square of the diameter by Jr= 78539 
§38 Again, from the above formule we deduce 


(a) re A= 5641896 x A, 
(B) d=—— Am] 1283792x A, 
jx 
(y) cm 2\/ 7A =3 5449077 x A, 


‘hus obtaining radius, diameter, and circumference from area 


§39 Area of a Circular Ring —Let r and r, denote the radu of 


the outer and inner circles respect 
ively (fig 17), then the area of the 
ipace between them 
mar — ari =ax(rt7,)(7- 7) 

The circles need not be concentric, 
and the reader should note that the 
rea of the ring 1s equal to the area 
f an ellipse whose major and minor 
iXes are +7, and 7-7, (see § 51) 

§ 40 Area of the Sector of an 
A4nnulus —Let angle ACB=@ in fig 
4, then the area of ABED 

= sector ACB - sector DCE 
= 47°9- 47r39, 
=40(r-+1,)(r-1) 





r the radius, d=2r the diameter, and 


MENSURATION 


Again, let AB=2, DE=1,, and CA~CD=r-7,=h, then 


roe and 7, = 4 , therefore 


rtr=s (+h) and 
area of sector=40(7 +1,)(r—1,)=46 (“aman a) 


§ 41 <Areaof a Segment of aCrcle —(a) When the radvusand the 
angle subtended at the centre are given —In fig 14, let AEB be a 
segment of a citcle, then its area 


=sector ACB -— triangle ACB 
= $779 — $74 91n 6 (§§ 9, 34) 
s == }7°(0 — 510 6) 
ft the segment be greater than a semicircle siné 1s negative and 


the formula becomes 
4r°(4+s11 6) 


as 1g also geometrically evident 
We might in a similar manner find the area of a segment of a circle 


(8) when the chord and radius are gjven, 

(y) when the chord and its height are given 

(3) when the radius and height of the chord are given, 

(e) when the chord and angle subtended by the chord are given 


In all these cases the method of proceeding 1s obvious, a segment 
being the difference betwecn a sector and a i 
§ 42 Area of a Lune —Let ADB and ACB (fig 18) be two seg 
ments of circles, then the area of 
the lune ADBC D 


«segment ADB - segment ACB 


Hence if we so choose our data that 
we can determine the areas of the 
two segments we have only to take 
their difference to find the area of 
the lune A 
§ 438 Area of a Circular Zone — Fig 18 
Tet AB and CD (fig 19) be two 18 
y arallel chords, then the area of the zone ABCD 


* =cnicle ~ segment AHB — segment DFC, 
or =segment ALD + trapezium ABCD + segment BGC 
== 2 segment AED + trapezium ABCD 


§44 ‘Lhe INFINITESIMAI CALCULUS (q 2 ) furnishes a simple and 
elegant proof of the formuls for the areas of a circle and a sector 


If y= ¢(x) be the equation to a plane curve referred to rectangular 


& 


Y 
B 
P 
E G 
D Cc X’ Ax 
° ; y’ 
Fig 19 Fig 20 


axes, then the area between the curve, the axis of x and two 


ordinates corresponding to the abscisse a and b 1s represented by ; termine the segment. 


the integra] 


vA “pe)de 


Let 2 and y be the coordinates of P (Bg 20), then 1f OP =r the 
equation to the circle 18 y?=72— 9, and therefore 


area of quadiant AOB -/{ Vi~ ade 


| ad a 
os [yan + pVene | Ao x eA 
0 r 2 


* and therefore rea of whole circle = 27? 
§ 45 If the equation toa plane curve be given in polar coordi 
~uatgs, the area bbunded by two radu and the curve 1s equal to 


] 
4/ * 249 , 
61 


ridin 


Where 6, gnd 4 are-the values of @ corresponding to the hmuting | beng 5 


19 


For example, let AOP (fig 20) be 6, then area of circle 
2m: 


2 
The area of a sector can be found in a similar manner 


B The Parabola 


846 Length of an Arc of any Ilane Curve —If a plane curve be 
referred to rectangular axes, then the length of any are of the 


“of +( 2 arf |0(5) 


taken between proper limits, 2¢, the extremities of the are See 
INFINITESIMAL CALCULUS 
8 47 Arc of a Parabola —Let the axes of coordinates be the axis 





Fig 21 


of x and the tangent at the vertex A (fig 21), then the equation 
a the parabola being y°=2mr where m=2a=—} latus rectum we 
ve 


dey 


dy m1 
uv 
smare AP } +E hy 
0 m 


aUN Yt m | m top sel hk) 
2m 7 eds m : 


and hence 


therefore whole arc PAP = ¥ Vy,+m +mlog. ( wnt+Vyit m) 


m 
Since y? =2mz,, the formula may be wntten 


arc PAP =V/4z, +y, +3 log. (45 — ti) 
1 1 


§48 Arca of a Parabola —Toking the equation to th bol 
in the form y’= 4p2, we get 8 quation e parabola 


is 
area of segment PAP’ (fig 21\=2 f ' a pede 


a 0, ae Conn 

aD 1 $ 141 3p 
From these formule we see that the area of a 
varies directly as the cube of the square 
root of the abscissa, and directly as the 
cube of the o1dinate, and that it 1s equal 
to 3 rectangle PQQ FP’, or § triangle PTP 

A similar 1elation holds for the segment 
cut off by any chord, and thus the area of 
any parabolic segment can be determined in 
terms of any data that are sufhicient to ‘e 


parabohe segment 


P 
AL 
4 
P 


§ 49 Area of a Parabolic Zone —Let 
PM (fig 22)=4,, QN=y.,, AM=2,, AN=z,, 
and let the oidinates be inclined to the axis 





at an anglea 
Area of zone PQQ’P’=segment PAP’ 
~ segment QA 
_43 
~He X sina Fig 22 


Now y? = 4pa, and y; = 4p2., therefore 





yt 
ie amp, an | hence on 
substituting for p we have area of zone ee 


= - H-#) =o ty — to 2 ° 
$(x, =) (A 8 81 @ ta, at htt y sina 


C The Ellipse 
§ 50 Crrcumference of an Ellipse —The equation to the ellipr 
+ a =1, where aand Dare the semaxes, we have 


20 








ay Lad , and therfore (fig 23) 
dx ay 
_ ao o 3 32 
are of quadrant sB-/*} —— . dx, where Can : 
This integral may be shown to be equal to the series 


ce 1 Se 1 «8 Fe te ) 
an ar ae ee a : 
a rapidly converging seties when ¢ 1s a small fraction 
By taking moire and moie 
terms of the above serics we can 
a aia as nearly as we 
lease to the circumference of an 
cllipse For example, we have 
quadrant AB 


#(1-)-1(3-$) 


to °% filst approvmation, 
} ence whole circumference 


ea coc 4 nearly 
851 Area of an Ellapse —We have at once 
b a 
area=4/“ydeh = 2 Va 2 de 
0 aS 0 


But / Va dr is the area of the quadrant of a circle of radius 





a Thus 
arca of dhpse=42 7 (§ 44) 
= nab 


The following proof 1s worth the readers attention By a well- 
known theorem in conic sections the orthogonal projection of a 
circle on a given plane 1s an ellipse Now, if A denote the area of 
any plane figure, A the area of the projected figure, and 6 the angle 
between the planes 1t can easily be shown, by dividing the two 
areas by planes indefinitely near to each other and perpendicular 
to the common section of the planes, that 


\ cso A 
In the case of the circle and ellijse A= xa” and £08 . 


hence area of ellipse=xa x +. wab 


852 Area of an Ellupse in terms of a Parr of Conjugate Dame 
ters —Let a and b denote the semiconjugate diameters, and a the 
anzle between them, then ly an clementary property of the ellipse 


ab=ab sina 
hence area of ell se=aa/ sina 


D Th Hyperbola 
853 Area of a Segment of an Hyperbola —The equation of in 
hy perbola being = - ia , We have 


ya Ne a , hence (fig 24) 





~ardx 


Vz, -a’- abloge(% ea) 
a 


z 
area of the serment PAP = 22 ih INES 


=2,y, -ablog.( 71 4% 
yy loge( + 4) 


854 Area of a Sector of an Hyperbola —The sector PAPC 18 
equal to tnangle PCP’ - segment PAP 


=2yy— } HY - ablog.( 1.4% \ 
=<blo “(4 +h) 
“\a ob 
‘ hy Area of a Zone of an Hyperbola—In: 24 the zone 
=segment QAQ — segment PAP 


~ay4~ blog, “+ % ~ ty; +ablog,( a4) 


* TqYq — 243 — ablog,{ ar) » where 
of Pand 01 


MENSUTURATION 


If the axes of coordinates be inclined at an angle a, we multiply 
the above results by sina to obtain the correct areas 





Fig 24 
356 Area bounded by an Hyperbola and ws Asymptotes —The 
equation of an hyperbola referred to 1ts asyrptotes 18 of the form 
r xy = 
Let CM’ (fig 25)=2,, CM=2, QM’=4,,Q M=y,, then, if.a be 
the angle between the asymptotes, 


area of QMUQ =f *ysinad 
T% 


Fig 25 


=c’sin af : < = ?sinalog,( 2 )- c”sin alog,( 4 ) ’ 


c c 
o=— and 2, =— 








y 2 
a+b 2ab 
Now = and sina= aR? and therefoie 
(a) area = jab og, 3) = jab log ta) 
Xs Yi 


Again, let MM =2,-2,=p, then 

@ 
PVs , therefore 
Yo- Ni 


MM 0 = 22¥2. (2) _ Puays loge (2 )aun 
i et Y-" °6 12) ais Ye Vi B My . 
gain, since 





9 
CMY) = LyYq = 





42,7,81n a= 4c?s1n a= 4x94,.810 a 
triangle QCM=QCM, and hence 
the sector QCQ =QUMQ 


The corresponding results for a 1ectangular hvperbola are ob- 
tamed by substituting 1n the above formule 4a tor c and 1 for 
sina. 


we have 


Secriow II] —P.Laxg IRPEGULAR, RECTILINCAL AND CURVY] 
LINEAL FicUREg 


A Tfrregular Rectultneal Figures . 


§ 57 The area of any irregular polygon can be found by dividing 
1t into triangles, trapeziums, &c , m the most convenient manner, 
and adding together all the areas For example, 


ABCDEF (fig 26)=CKB+BKHA+AHF+FGE+EGID+DIC 


A 


Fig 26 Fig 27 


It may sometimes happen that some of the component figure + 
have to be subtracted instead of added, for example, 


ABCDE (fig 27)=AFHE+BCG~- AFGB- EDH ‘ 
§ 58 Again, the irregular rectalineal fi PP. P,P (h 
28) can be broken up into a senes of beanie ‘md inate a 
shown 1n the figure, and hence 1ts area can be found 
§ 59 A figure made up of straight lines may be measuged by 


cutting it up mto triangles by lines drawn from some one vertex to 
the others For example (fig 29), 


¥ 


MENSURATION 


If the polygon be concave some of the triangles will have to be 
subtiacted. 


F 





Cc 
Fig 28 Fig 29 


§60 “Arca of a Polygon wm terms of the Cocrdinates of its Angular 
Ponts —Let the coordi 


D 


1s 


nates of P, Q, R (ig 80) be y 
(245 Yr)> (Xe, Ya), and (xy, 43) 
respectively, and let the 
axes be inclined at an angle P Q 
a Draw PL QM and RN 
parallel to OY then P R 
LM=-OM OL=..-2%,, 
MN=ON-OM=2,-2 , 
and L M N 
NL=ON - OL =2,-2, Fig 30 
ow PQR=PLMQ+QMNR - PLNR 
But PLMQ =PLM+QMP=PLM+QLM 
=4PL LMsina+4QM LMasin(180°- a) (§ 9, 8) 
= (a4 ~ 2,)(Yy + Yq) SID a 
Similarly QMNR=4(a, -~ 24) y.+Yy,;)sNa, 
and 


PLNR =} (a; -2)(y3+y,) sma, hence 
area of PQR=4Ssimaf{ y; (2g ~ 23) + Y9(%5— 2) + 49%, -%)} , 
or in the notation of determinants 
=tsna 11 1 


71 Vg Bs | 


® "1 Yr Ys | 
When the axes ore rectangular sina=sin90°=1, and the formula 
for the are. becomes 


° e im 2 ~ 23) + Yo(23 — %,) + Y5(%y - 24)} 
=af'jl ii 
Zy 
| nY Y3 


§ 61 ‘Lhe area of any rectilineal figure of n sides can be found by 
taking any point within the figure and joiming 1t to the vertices 
(f the figure thus dividing it into » triangles the area of each of 
which can be obtamed as in the preceding case 

We may however find the area of the figure directly 

For example, in fig 31 

PQKST = FP TP-gITSS+88RR-RRQYQ-QOPP, 
®andim fig 32 


PQRSTU=PPU U+RRQQ+TTSS-PPQQ-RRSS-TIUU 


y ~ 
T 
P . 
OPT Qs RX 


Fig 31 





Fig 32 


B Irregular Curvilineal Figures 


of Huygens’s fgrmula § 82 For 


§62 Length of any Curre —If we divide the given arc into an 
ex@mple, if we divide ABC (fig 33) 
into four parts in D, B, and E, and 


even number of intervals and re r | 
gird these as approximately circu 
fp 

(a 

draw*the chords AD, AB, DB, BE, | 
BC, and LC, then \ Fig 33 v : 


lar, we can find an approaimition 
to the length of the ar. by means 
arc AC3AD + DB BE+EC+4(AD+DB+BE+EC-AB BC) | 
approximately 


21 
For other methods of approximation, see Rankine s Rules and 
Tables 


83 Area of an Inegular Curvilvneal Figure —For rough ap 
raga the following, called the trapezoidal method, may be 


Divide A,A, (fig 34) into » equal parts, and through the points 


Az Az. Anz An 


Fig 34 


of division draw the ordinates, called by survevors offsets, A,P,, 
A,P,, &c 
A, = = An 14) =a 
Join P,P,, P,P;, &c , then the area of the poly gon A,AnPnP,P, 
= A,A,P,P, + AgAsP3P,+ — An wAnPrnPna 1 
= ha(s, +83) +4a(8_+ 83) + +ta(s i+8 ($18, a) 
= 0{ 451+ 8,) +4485 + +x 15 


If we take n sufficiently great the difference between the area of 
the polygon and the curvilineal figure can be made as small as we 
please, in other words, the smaller we n ake a the more accurately 
will the above formula represent the arca of the curvilineal figure 

The curve may either be 
wholly convex or wholly concave 
to the line A,A, or partly con 
vex and partly concave 

§ 64 Simpsons Pule —Let 
AjAn (fig 34) be divided into 
an even number of equal parts 
and as before through the points 
of division draw the oidinates 
APL, SUPP, (fign 95 2610 

et A, A,P5P, (figs 35 36) be 

a hak of ate taut on at A; Ait 
vided jom 3 and throu, 
Y ine BC pani toPP.i oe ok ae 
meet 4,P,1n B and 4,P, in C Conceive a parabola to be drawn 
through P,P,P; having its axis parall | to the ordinat « then 


A,P,P,P3A; =, trapezium A,P,DP3A;,+] arabolit segment P,P.Ps 
= a(s, + 8) 4a {s.4(3,+8,') $a 9-49, +5, 
Now when the points P,; P. P; ate near eich other the paraboli 
curve will coincide verv nearly with the sven curve hence 


A,P)PyPgd3= $1 3,4 48,+ very neairly 
AgP Ps As §a(8,7 48,—5, & 

hence whole area of figure 

= $a {8.45.42 837%, 7 a rs 


whence the rule —ald together the tw «xtreme orlinat 5 twi 
the sum of the termediate odd ordinates ard f ur tim s the sun 
of the even ones, and multip]s this result by ne thud of the commor 
distance between the oidimates the result 1s the arer —accurately it 
the curved boundary Le the ar of 1} uttola im other cases 4] 
proxmnately 

The curve max either be wholly consex or wholis concave to the 
line A,Ap, or partly convea and partly cin ave provided im the 
latter case the pomts of contrary flexure occm only at the of] 
ordimates, for otherwise the intermediate arcs could not be even 
pt irae parabola. When joints of contrary flexure o ur 
ordinates may be drawn at thes points and the intermediate ars 
being found separately may be added to of tain the whole area 

§ 65 In the two preceding sections we investizate 1 two formula 
for 4 semen to the aieas of cuivilmear hguies We now 
proceed to consider the sul ject more gc nerally 


Pox 
ial 


P 
Ai \z \p 





A, 


As 


A, 


Similaaly 


+S 1 


Fiz 37 
Let the equation to the curve P,P,Pa4i (fig 87) azre. with the 


22 MENSURATION 


equation y= 4+ Br+Cz?+ +Kz" for 1+1 points between This formula, called Weddle’s Rule, gives the closest approximation 
P, and P,.41:, then the area of the curvilinear figure bounded by the to the curvilinear area that can be obtamed 
straight lanes A,P,, AjAndi, and AnyiPayi and the curve P|P,i1 by any simple rule 
will agrec very nearly with the curvilinear figure bounded by the We are now in a position to find the 
same strught lines and the curve whose equation 1s y=A+Be+ approximate area of any irtegular plane 
Car? + + Kz", and the greater the number of common pomts figure For the given figure can be 
the closer will be the agreement divided into plane rectilinear and cur 
Let Ay Anti be divided into equal parts, each equal to A, then vilinear figures, the areas of which can 
A,Anti=nk Now be separately determined by the rules 
already given For example, APQRS B 





when t=0, y=y=A, (fig 38) 
when z=h, y=yg= A+ Bh+Ch?+ + Kh", ~- ABC+APD+BRC - DQB- ASC R 
when 7=2h, y= y= A+ B(2h)+C(2h)2+ +K(2h)", Fig 88 


PART II SOLIDS 


a eck hy? +K(ph)*, i 
when zaph, yoy, pA + Biph) +C(ph) + (ph) Section I Soups CONTAINED BY PLANES. 











when t=nh, y=YynjieA+ Binh) +C(nh)+ +K(nh)* A Prisms, Pyramids, and Prismatords 
From these 1+1 equations the »+1 quantities A, B, K sali deat ed ee are as let the prism be a rect- 
can be determmed 1s functions of ¥,, Yes Ynti, and 7 the vie AB. ze hae anite’ot 
Next let AA 41 be ruled ite m equal parts each equal to h length, BC 8 umts of length, and 
Thus mh—ah ind hence ha” CD c units of length If. e divide 
a AB into a@ equal parts, BC into b 
Now the arca of the rectangle AyApiiP,R= AyApsi x Apl’y equal parts, and bp into ¢ equal 
: parts, and if, through the points of 
But = ApPp=yp=A+B(ph)+C(ph)? + + K(ph)” division we draw planes parallel to 
th h\ AAR the sides of the parallelepiped, these 
=A+BP™ 4 of? mt) + +K(2**) ; planes will divide it into a series 
me ue m of parallelepipeds, whose edges are 
each equal to the unit of length 
Each horizontal layer contams ab 
of these cubes, and since there are c Fic. 39 
nh layers the whole number of cubes ate 
and ApAppi=h=— , will be abe But each of these 1s the unit of volume, and therefore 
therefore area of AJR volume of ABCD =abce=ab x c=area of base ABC x altitude c 
A p p y In the above demonstiation we have assumed the edges to be 
nk il Bukit wars cf + Knh— . commensurable, but from § 2 it follows that the proof will hold 
ts . = also when the edges are incommensurable If the parallelepived 
Hence the arc of the whole figure be cut by & plane BGE it will be divided into two equal triangular 
p=m 4 ‘ nght prisms, and hence 
= Les ms >> pe ah } at Bohs + Te ee + 4+Knern Be Fi volume of right triangular prism = 4ad x c= areaof its base x altitude 
(.8 g Since every prism can be divided into tnangular prisms as in fig 
: Ss S 40, we have at once 
os A pad op SN . in ’ 
Ls (im vee rr ms 3) Kah ei volume of nght pnsm A’/ABCDE=A’ABC+ A ACD + A’ADE 
wheie Sy 142" 434 +m", = ABC x BB’ + ACD x CC’+ ADE x DD’ 
X =(ABC + ACD + ADE) x altitude 
ow if we take the limit of each of the terms (ance BB’=CO’= DD’ «altitude) 
Lie Sn —area of base ABCDE x altitude. 


m ? mt? m3? mati? 
we obtain arca of curvilincar figure 


=nh< A + Bane ony + + -, nyn | 


girs nei p A 
From this general result we can deduce Simpson’s Rule” and ee if 
also another rule called ‘‘ Weddle s Rule . SS A 
Thus let 1=2, that 15, assume that the curve under consideration 
has three pomts in common with the curve whose equation 19 
y=A+Ber+Cux4,2¢, with » parabola, then 
Y= A, D 
y =~A+BhA +Ch’, A 
y3=4+2Bh+4Ch A 
B C 









Now the area 1s approximately B 
= §h{64+6Bh +8Ch } 8 a AG of a Chae Prism —Draw the mght section 
=hh ’ AB ” 41), and let A’ denote its area and A the area of 
Bijan + 4y, +5}, Sumpson’s Rale the base A’BYC’D’E’ Let J denote the length of the pnsam, 4 its 
Ii we now put n=6, we have arca of curvilinear figure altitude, and a the angle between the planes A'BCD'E’ and 
a s ace ‘ A'B 'C'D’EK’" 
64 (A +3B6L+ ICEL + JDO? 4 ZLOAA + BFC + HCE} Conceive the part above the mght section placed at the other 
Now y, =A, eminleegtn an ae Then we have a nght prism, whose 
m= ASBRECH + Ghs volume== A’ x / (§ 66), but A’=Acos a, since A’ 1s the projection 
Y2 4 Maes of A (§ 51), ; 
ype A+B(Gh)+C(BRY+ . GBR)? = ee : 
From this cystem of equations we can determine A, B, C, G, ’ h 
and substituting the value, so obtained in the above expression we as acs cosa 8 * : 


obtain the following remarkable formula for the approximate area oy the volume of any prism 1s equal to the aren of ita bese mult 
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§ 68 Surface of a Prism —Since the lines A'B , BC, &c (fig 
41), which make up the permeter of the mght section are all in 
one plane perpendicular to the parallel edges AA , BB , &c , they 
are perpendicular to these edges and are therefore the altitudes of 
the parallelograms ABB A’, BCC B , &, respectively The 
lateral surface of the prism 18 equal to the sum of these parallelo 
giams, and therefore 


=A‘A xAB+BB xBC + 
=A’A(AB+BC + 
since A’A' mBB =&c, 
or the lateral surface of any prism is equal to the perimeter oi 1ts 
night section multiplied by the length of the prism 
If the prism be right, that 1s, 1f the faces be perpendicular to the 
base, then 1ts lateral surface 1s equal to the penmeter of 1ts base 
multiplied by its length 
The whole surface of any prism 1s obtained by adding to the 
lateral surface the areas of its bises 


§ 69 If the prism be regular that 1s, 1f the bases be 1egular 
polygons, then 


); 


area of base =a? x © oot 80 (§ 18, +), where » 1s the number 


of sides each of length a, and therefom 


ot 180° xh, 


volume =a? x > c 
where A. 18 the altitude of the prism 
Again, 1f the prism be nght and regular, then 


180° 


n 


§ 70 Volume of a Pyramid —Let VABC (fig 42) be for sim 
pheity atriaugular pyramid Divide VA into 7 equal portions, and 
through the pomts of section diaw 
planes patallel to the bass ABC and 
through BC and through the inter 
sections of these planes with V BC draw 
planes parallel to VA Let & denote 
the altitude of the pyramid, then the 
distance of the base of the 7” prism 


its lateral surface = nah + 2a? x + cot 


fr8m the vertex V 
e h 
=-—7X—, 
n 
and, if A denote the arer of ABC, we A 
have C 
base of 7 nm 7h es eee b 
2 ’ 
n he 4 Fig 42 


since, by a well known theorem in solid 
geometry, ‘he areas of sections of a pyramid made by planes parallel 
to the base ale proportional to the squares of their altatudes 

Thu» we have 


base of rth prism = 4, and therefore 


its volume=——A x — (3 67) 
a e n rn 


= 7 x2? 
Th@efore volume of whole pyramid 
1°4+2?+ +r+ 


-raLy n(n+1)(2n+1)_ 


or the volume of any pyramid 1s equal to one third of the area of its 
base multiplied by its height 

From this we see that pyramids on equa] bases are to one another 
as their altitudes 

If the pyramid be regular, that 1s, if its base be a regular polygon 
the perpendicular through whose centre passes thiouzh the verte, 


180°, 


871 Surface of a Regula: Pyramid —The lateral surface of the 
regular pyramid VABCDEI (fig 43) 1s equal to the sum of the areas 
of the 2 congruent triangles which make up the later1l surface of 
the pyramid 

Now aiea of triangle VAB=3$ABx VG, hence whole lateral sur- 

fug=42AB VG% tinal, where J 1s the slant height anda the length 
of the mde of the base 


Again, 1f VO =A maltitude of pyramid, we have 
a 180° 
of VG—4/V08+ 068 = fer eoor® ,’ ( 
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therefore whole surface = base + lateral surrace 
: re0 jna y/ sel gare 
4 n 


= a ea es + 
_naf a 180° a, 9 og 180" 
(poet act m+ Zoot). 
Vv 


Fig 43 


§72 The Prismatord —If we have a polyhedron whose bases are 
two polygons in parallel planes the number of sides m each bemg 
the same or different, ia if we so Join the vertices of these bases 
that each line in 
order forms atriangle 
with the preceding 
line and one side of 
either base the figure 
so formed 1s called 
a ‘‘prismatoid, and 
holds in stereometiy 
a position similar to 
that of the trapezium 
m planimetry To 
make the investiga 
tion of the volume 
of the prismatoid as 
simple as possible, 
we take the case 
where the lower hase 
1s a polygon of four 
and the uppei one or 
three sides 

Let ABCDLFG 
(fig 44) be the pris 
matoid, of which 
ABC or A, 18 the 
upper and DEFG o1 
As the lower base, 


B 


A 


and let HLM be the Fig 44 

section equidistant fiom the bases Take any poimt P in this 
section and Jom it to the corners of the prismatoid We thug 
divide the polyhedron into two pyramids PABC and PDEFG, 


and a series of polyhedra of whith CPD may be taken is 4 
specimen 


Let h be the altitude of the prismatoid then 4h 1 the altitude of 
each of the pyramids PABC, PDEFG, and hence 
volume of PABC = $A4,, and 
volume of PDLIG=3h A, 


Again join PH, PL, and LD, then 
volume of CPDE=2 volume of CPDL 
since DE= 2HL, 
and volume of CPDL=2 volume of CPHL, 
hence volume of CPDE=4 volum« of ( PHL 

Now volume of CPHL=2h x are. ot HLP, wd therefore volume 
of CPDE=4h x area of HLP 

Similarly the volume of every such polyhedron 1s 41 x the area 
of its own portion of the middle section Heme if 4 denote the 
nea of the middle section we have 

volume of prismatoid — 34 4, + gh 4, + 421; 

= $h( 4, +44, 4 Ay) 

§73 Volume of the Frustim of a Pyramd —Lit AA BB CC’ 
(fig 45) be a frustum of the pyramid \A BC’ and let 4, and Ay 
denote the areas of the ends ABL A BC respectivel\ Let 
cece of pyramd VA BC , and kt PQ=/ <altitude of 

tum 


Now 


M 


ee a As = Ty \; 
(<i i,’ thence x Te 
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Again frustum=\A’BC - VA B C 
= 44 Ale+h)— Age} 


“if a satin) -a( gata) f 
= 4h(A,+AjA3+ As) , 


aformula ch applies to the frusta of all pyran ids regular and 


irregular 

‘the above result may be otherwise eapressed For, let A B =a, 
and A B ~—4,, then, if A BC bea section equidistant from the 
cnds of the frustum, A B =a,=~}(a,+a,) 


Now A,— 4, and A,=pa? (see § 70), 


a +%s) , Which gives 
4A,= pa? + Qpa,a,+pa,—A,+2VAjA,+ A, 
therefore volume of frustum 
= 47 (2A, +2VA\A,+2A5) = $h(Ay+4A,+ 1,) 

or the volume of the frustum of 2 pyramid 1s obtained by adding 
the aicis of the cnds to fm 
times the areca of the middle 
section ani multiplying the 
sum by one sixth of the alti 
tude 

Lhe al ove result can be ob 
tame! it once from § 72, sin « 
ABCA b © iy 13 11smat id 
with similu bases 

§74 Su fa cf the Frusturr 
ofaheyulu Pyraud —In fig 
45 let the perimetau cf A,—p,, 
that of A,—p and that of 
A,=p, and kt VD=d, 
VD =I, mdthatfoeDD ~ ! 
VD -VD =1,-/;=l The 
latcral surt we of the frustum Rig-49 
equal to the diftercnee Tetwecr the lateral surfaces of the pyramids 
VABC and VA BC 


hence A,=area of A BC ~pomp( 





=4p,), ~ 4p! 


But, since 4 fe EV By. we haye l= Pl an {ote , 
I, dy NG Py 21 -P3 ?P1- Ps 
therefore litual suifa ¢ of fiustum 


2 2 
= ies —) ie (PtP ag 
4 y) ‘ 2 5 2 Pe ’ 
or the lateral surface of the fiustum of a regular pyramid 18 equal 
to the product of the slant height and the perimeter of the section 
equidistant fiom the ends 

Otherwise —The top and base being rezulat 1 oly gons the inclined 
faves ue congruent oe ety Let 1 be the height of each 
tripczium, and Iet there te 2 of them, then 


aia of er h fam 5 ("1 +4) ’ 
2\n 2 
ani therefore the aea of later i surface <— (Pi +Ps) 


§75 If h the altitude of the frustum be given we deduce the 
slant lieight and then proceed a5 before Thus let VP=/, 
VQ=h, ind using the same notition w% im §% 72, 73 and 74 we 


have 
i es - Which givesh, wi 73) 
hy a) A, aun 


L,—h, +3, cot a0 ; and (724), 
2 ty 
whence J 1s known since 7, 1s known in terms of A 
Wicn the pyramid 19 nregu 
lar the lateral ylanes are non 
congruent tripeziums the areas of 
which can be founl sepiratcly by 
§ 12 and hence the whol suf ice 
$76 Volume of the Frustu of 
@ Tranjula Pris 1 —Let A denote 
the are: of ABC (fig 46), ani Ict 
1,, hy, Ay be the altitudes of A 
B C tespectivcly with reterence t> 
the plane ABC = Divade the frustum 
into thice pyramids BA AC BABC 
and BACC by the planes BAC 
and BAC These threc pyramids 
are 1 Spectitely equal to BA AC 
BABC aud ABCC 
hence volume of fiustum=§2,A+ 4h 14+ 4A,A 
=4A(m+h.+h,) 


ayh 


af 


Again 


Q 


B 
Fig 46 
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77 If the prism be night or oblique, the volume of a frustum 18 
fn to one third of the area of its right section multiphed by the 
sum of the parallel edges For divide the frustam AA'BC’ (hg 
47) mto two fiusta by a plane A’B C” of area A at mght angles 
to the edges, then 

ee ABO =AA'B OC’ +A"A'BC 
=}A(AA +BB’+CC )+$A(AA +BB +CC”) 
=4A(AA'+BB +CC’+A’A +BB +CC ) 
=1A(AA +BB +CC) 
Again, since every piism can be divided into tnangular prisms, 
we cen find by repeated epphesione of the above proposition the 
volume of the frustum of any prism whatever For eaample tf 





A B’ 
Fig 47 Fig 48 
the base of the frustum of amght prism AABCD (fig 48) 
be a rectangle 12 fret by 6 feet, and the parallel edges in oider 
6, 4, 10, and 12 feet, then 
A=area of base=12 x 6=72 square feet 
Frustum = ABLA BC +ADCA DC’ 
=}x$A(AA +BB +CC)+4x$A(AA +CC +DD) 
=A(2AA’+2CC +BB +DD )=576 

§ 78 Volume of a E 
Wedge —The wedge (fig 
49) being merely the 
fiustum of a tnangula 
prism, we have at once 

volume=4A(FE 
+AD+BC), | 
where A 18 the area of its 
light section , othe1 wise, 
the wedge may be con B 
ndered a prismatoid Fi 49 
b 
whose upper bise 1s a 
straight line, and hence its volume=$/(4A,+A;), since 4;=0 
B Regular Polyhedra 

2 29 The regular polyhedia ate five 11 number, namely, the 
tetrahedron, cube, octahedron, dodecahedron, rnd wosahedson, whose © 
solid angles are formed respectively by three equilateral triangles, 
thiee squares, four equilateral triangles, three pentagons, and five 
equulateral triangles 
Since a regular } olyhedron admits of having a sphere inscribed 
within it and desc1ibed about it, it can easily be shown that the 
rolume of the poly hedion 


sige 
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( ae ) ( 7 : | 

{ —+— }eos( —-— 

m 0 mn 

and from § 18 ¥, 1t follows that the surface of the polyhedron 


=a x ” — 
gn? 
?=the number of faces, 
m= the number of faces in each sohd angle, 
n=the number of edges in each face, 
and a= the length of each side 


The following table contains the surfices and volumes for the 
five regular poly hedra whose cdc 18 1 


where 














Fol hcdron | Surface | * Volume 
Jetrahe tion ) 1 320206 | 0 1178511 
0000000 1 0000000 
| Octshedron | 3 464101¢ 0 4714043 
Dodecahcdron 20 647788 7 6631189 
| Icosahedron 8 660 40 2 181690 
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The surface and volume of a regular polyhedron whose edge 1s 
a 18 obtamed by multiplying the surface and volume of a sumilar 
polyhedron whose edge 1s 1 by a? and a? respectively 


Sxcrion I] Soins conTAINED BY SURFACES WHICH ARE NOT 
ALL PLANES 
A The Cylinder 
$80 Volume of a Cylynder (fig 50) —Inscribe in the cylinder a 
polygonal prism ot which the number of sides may be increased 
e 


itely Then in the limit the base of the prism becomes the 
base of the cylinder, and the volume of the prism the volame of 


fhe cylinder Now by § 67 we have 
volume of prism =area of base x altitude, 
hence volume of cylinder=area of base x altitude 


$81 Surface of a Right Cylinder —As above, in the limit the 
base of the prism becomes the base of the cylinder, and the surface 


of the prism the surface of the cylinder Now the lateral suface 
of prism 

® penmeter of mght section x length 

epatinicter of base x length, in fe case of a mght prism (§ 68), 


hence lateral surface of nght cyligder=cucumference of base 
x length 


V 
A 


Fig 50 Fig 51 


" B The Cone 
§ 82 fr of a Cone (fig 51) —Insciabe within the cone 1 


pyramid of" which the number of sides may be indefinitely in 
creased, then in the limit the base of the p 


yramid becomes the base 
of the gone and the volume of the pyramid the volume of the cone 
By§70 @ volume of pyramid = § base x altitude, 
and hence voluine of cone= 4 base x altitude 

§83 Volume of the Frustum of a Cone —From § 73 we find that 
the volume of the frustum of a pyramid 

m= §h(A,+VA,A,+Ay) , 
hence, since in the limit the frustum of the pyamid becomes the 
trustam of the cone, we have 
volume of conical frustum = 44(A,+/A,A,+A,), 


where A, and A; are the areas of the terminating planes of the 
frustum . 


@ 
* Let the terminating planes be circles of radu r, and r3, then 


volume of frustum 
=hh( ert + ary, + ar3)—= dah (ri +7y73+17%) 
Again, by the same section we have 
volume of frustum of pyramid =}h(A,+4A,+A,), 

therefore volume of conical frustum =}axh(ri+47.+7%), 
where 7, 18 the radius of the circular section parallel to the ter 
muinating planes and equidistant from them 

§ 84 Surface of a Right Cone —The lateral surface of a regular 
pyramid is by § 71 

— 4} peimeter of base x slant height , 

hence, since in the hmt the surface of the pyramid becomes the sur- 


face of the cone, the lateral surface of a nght cone 1s equal to half 


the circumference of its base rane ee by the slant height 
Thus the lateral surface of a mght cone of slant height 2 and the 
radius of whose base 1s r 18 equal to 


4X 2erxl=erl, 
and whole surface= lateral surface + area of base 
mer + er? 
=agr(it+r) 
Agan, if h, the altitude of the cone, be given, we have 
rm 6 nV +r, 


and therefore whole surfece=ar(VA8 +7" +71) 

$85 Suryace of the Frustum of a Right Cone —The lateral surface 
of the frastum of a,regular pyramid is equal to the product of the 
alant height and the perimeter of 1ts middle section (§ 74), hence 
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m the hmit we find that the lateral surface of the frustam of a 
right cone 18 equal to the product of its slant height and the cir 
cumference of the section equidistant from its parallel faces 

Let r, and 7, denote the radu of the ends of the frustum, and 3 
the length of the slant height then 

r= 4(r, +73) = radius of middie section, 
and therefore 
lateral surface = 2xr, x l= 2x x 4(r, +23) Xl—al(r, +75) 

and whole surface = xr? +xl(r, +13) +273 

If A, the altitude of the frustum, be given, we have 


NC, 


C The Sphere 
§ 86 Surface of a Spherwal 
Zone —Let AB (fig 52) be a 
small arc of the sphere, and 
let AA, BB be perpendicular 
to the axis XX, to find the 
surface of the zone generated 
by the arc AB Join AB, and 
draw OP perpendicular to AB 
BD parallel to XX’, and PP’ 
parallel to AA’ or BB The 
chord AB generates the frustum 
of a cone, whose lateral surface 
= 2ePP x AB 
But, since the tirangles ABD 
and OPP are similar, 





therefore area of conical frustum =2x OP BD=2x OP AB 
Similarly the area of the frustum generated by BC=2x OQ BO’ 

But 1m the limit when the chords AB, BC &c, are indefimtely 
diminished, the perpendiculars OP, OQ &c become each =r, and 
hence by summing all the areas we get in the lumt 

area of zone=2xr x (projection of arc on axis of revolution) 

Hence the consex surface of a segment of a sphere 1s equal to the 
circumference of a great circle multiplied by the height of the seg- 
ment or zone 

. 87 Surface of a Sphere —The whole sphere being a zone 
whose height 18 27, we obtain at once 

surface of sphere = 2er x 27 = 4ar", 

or the surface of a sphere 1s equal to four great circles 

The total surface of the cylinder circumscribing the sphere of 
radius 7 18 6x7’, hence the surface of the sphere = § surface of car- 
cumscnibing cvimder 

§ 88 Surface of a Lune, a Spherical Triangle, and a Spherval 
Polygon.—It 15 shown in spherical tngonometry that 

(a) the area of a lune included between two great circles of 
sphere of radius 7, and whose inchnation 1s @ , 18 

26r°,, 
(8) the area of a spherical triangle whose angles are A, B, C18 
(A+B+C--x)r*, 
(y) the area of a spherical polygon of r sides 1s 
{P-(r-2)x}r°, where P 1s the sum of its angles 


§ 89 Measurement of S ld Angles —A convenient unit for the 
measnirement of plane angles 1s the ‘radian ’ If we assume that 
each unit of surface of a sphere subtends the same solid angle at the 
centre, we can deduce a very convenient unit for the measurement 
of solid angles This umt, which has received the name “ stera 
dian,” we Fefine to be the solid angle sult tended at the centre of a 
sphere by a portion of the surface whose area 1s r° 

§90 Number of Steraduans in an Angle —Let A be the angle at 
the centre of a sphere, and let 8 be the portion of the surface of the 
sphere which 1t intercepts, then 

number of steradians in A 8 

1 r 
For example, if A be a plane solid angle S=a hemisphere 
=2er?, hence the number of steradians B 


in a plane solid angle 5-25 = 


D 







and therefore the number of steradians in 
the solid angleat apomt=42 This solid ® 
angle 1s sometimes called a steregon 

ence, if we can find the surface sub 
tended by any solid angle, we can always 
find 1ts magnitude in terms of the unit 
solid angle Tia 65 

§ 91 Volume of a Sphere —Let ABC * ig 

(fig 58) be the quadrant of a circle, draw DB and DC tangents to 
it, then, if AD be joined and the whole e be conceived as 


VI. — 4 


4 
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rotating round AB, ABD ABC and ABDC will generate a cone, 
a hemisphere and a cylinder respectively 

Now draw two parallel planes EKGH and F FGH very near each 
other and perpendicular to AB, and draw FF and GG parallel to 
AB then, by § 80, 

volume generated by EHH E =xEH’x EL, 

EGGE =xEG’ xEE, 
EFFE =xEF? x KE 


” 
Thus volume generated by EFF E + volume gencrated by EGG E 
= 9(EF? + EG?) x EE =2(EA?+ EG’) x EE 
= 9(AG°) x EE = xEH? x EE 
= volume generated by EHH E 
Therefore m tho limit when the number of slices 1s indefinitely m 
ereased and their thickness indefinitely diminished we have volume 
of cone generated by AF + volume of spherical zone generated by CG 
= volume of cylinder generated by CH 
Let r=radius of sphere A—Ak—height of zone ACGE then 
volume of cone—4ah xh= xh}, and 
volume of cylinder~27” xh 
volume of spherical zone 7h wh? 
—4xh(3r h’) 
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therefore 


The hezht of 2 hemisphere 1s 7 
therefore volume of homisphere=4xr(3r? 7°) Gar? 
and volume of whole sphere $273 . 
a result readily obtainable by the infinitesimal calculus or by : 
mnseribinz within the sphere a series of triangular } yramids whose : 
vertices il] meet at the centre of the sphere an the angles of whose 
baxs all rest on the surface In the limit the altitude of each | 
pyrimid becomes the radius of the sphere and the sum of the bases , 
of the y yramids the surface of the sphere , hence 
volume =4S x r=3 x 4a? x rm gxr? 
The volume of the circumscribing cylinder= ar? x 2r= Qer’, 
therefore volume of sphere=% volume of circumscribing cylinder 
§92 Let S denote the surface of a sphere and V its volume, then 
from §§ 87 and 91 we have 


fs ja 
Rv’, 
1 ae 
V~-— 
(y) ; VeN@), 


formule which give the radius in terms of the surface or volume, the 
surface mn terms of the volume, and the volume 1n terms of the 
surface 

$93 Volume of a Spl erval Shell —Let r and 7, denote the radu 
of the two spheres then 


volume of shell= V—4xr} — fxr? 
=ta(r? 7") 
=$x(r, or)(ri+nrtr) 
Now let 7,-7=h, then 
V=garih (1+ ae ) 
% Tf; 
If h be small compared with r, then 7/r, 1s very nearly equal to 1, 
and we have approximately 
V= ferth(l+1+1)=4erth 
Again, if h be nearly equal tor, 71s very small and 7/r, 1s also very 
small, so that we have approximately 
Vatarth 
§ 94 Volume of a Spherwal Segment —Let CRC (fig 54) bea 
section of a spherical segment whose 
altitude RQ 1s p, then, if OQ=h, 


volume of segment CRC volume of 
hemisphere — volume of zone AA C’C 


= far — doh {377-2}, § 91 

= xr? — tx(r- p) {87° -(r-p)"} 

= $77" (37 —p) 
If we put p=2r, we obtain as before 
volume of sphere = $xr° 
Again 1f CQo, we have 

CQ? =a} = BQ RQ=p(2r-p), 


whence rat +p 7 
2p 





Fig 54 


therefore volume of segment = xp (3a? + p*) 
§95 Volume of a Spherical Frustum —When one of the term 
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nating planes passes through the centre we have already found 
that the volume 
= ixh(r2— 2%), 


where A 18 1s altitude 
Now suppose that neither of the terminating planes passes thro 
che centre, for example, to find the volume of the frustum BBC'C. 
Let RQ=p and RP=gq, then 
BBC C=segment RBB ~— segment RCC’ 
= 3g (30; +9) - bxp(Sai +7), 
where a, and a, are the radi of the ends CC and BB’ 
Let g-py=h=height of frustum, and, since, from the geometry of 
the figure, Os ee 
artp’ as+g =2r, 
we have volume= gah {8(a? +03) + A?}, 
a result which may also be obtained by considering BB'CC as the 
difference of the two zones AAC C and AABB 


D Spherowd 
§ 96 Surface of a Prolate Spherovd —The prolate spheroid 1s the 


solid generated by the revolution ot an ellipse about 1ts major ax28, 
If § be the surface generated py an arc of the curve, then 


8~2%/y fit ( st) a, taken between proper limits 


In the case before us 
S=2ni? + 2x an le, 
where ¢ 1s the eccentricity (INFINITESIMAL CALOULUS, art 179) 
$97 Surface of an Oblate Spherord —The oblate spheroid 1s the 
solid generated by the revolution of an ellipse about 1ts minor axis 
(fg 55) : 
Here surface = 2ra tao log. (INFINITESIMAL CALCULUS, 


] 
j- 
art 179) 
§98 Volume of a Spherod —We have volume of prolate spheroid 


+6 c of4f, & 
anf (1-= da~ ani" (1 az \ie~ $a 

















Saal volume of oblate spheroid = ¢2a"b P 
u 
: volume of prolate spheroid 4$rab? 6b @ 
(a) volume of oblate spheroid ¢xa-b” a * 
sphere desrribed on major axis 9 $a* a? 
(8) prolate spheroid ~ dnab BF 6 
(y) sphere described on minor axis $nb* 0? 


oblate spheroid “Fuad a 
§99 Volume of a Segment of a Spherod 
(a) The prolate spherood —lhis segment 1s generated by the 


revolution of AMP (fig 23, p 20) about AM, and hence 


A Be fh Bh” 
its volume -1/ yide—a— / (2g — oP \daem = x “Gr (8a - 2), 
where A 1s the ongin and AM=A 


(8) The oblate spherovd —The segment in this case 1s generated 
by the revolution of BMP (fig 55) about Be, and hence 
ta vol *y deme [20 —a2\de mF x (95 — h 
its volume fy “Fa J, — a8 dam a x )» 
where B 1s the ongin and BM =h 
§ 100 Volume of the Frustum of oa 
Sphernd when one of the Termonatrng 
Planes passes through the Centre 
(a) The prolate spherod —The frustum 
in this case 18 generated by the revolution 
of BCMP about CM (fig 23) 
Now volume generated by BCMP 
=volume generated by BCA 
— volume generated by PMA 
« Bh 
= frab? — 3% Gr (8a ~h) 


x kes 15 “ 
a3 x7 (3a k’), where A 


k=CM =height of frustum=a-h aig. 56 
(8) The oblate spherond —We can show in a similar manner 
that the volume generated in this case 
x wk 


= 3 x gg (3h — Ke) 
The above formule may be put into another form Thus, in the 
case of the prolate spheroid, since the point P hes on the ellifiee™ 
bx? + ay? = a%, we have 
Bk? + a7b| =a*}?, where b,=PM, which gives 
(8 B%) 


Bn gh— er , ‘ e 


A e 


B 


MENSURATION 


whence, by substitution, the volume of prolate frastum 
= §nk(20" +02) 

Similarly we can show that the volume of the oblate frustum 
== 0h{2a? +05), 
where a, = PM 

These formule play an important part in the gauging of casks 


E Parabolod 


$101 Surface of a Paraboloud —Let the equation to the para- 
bola be y’=4ax, and let the coordinates of P(fig 21, p 19) be x, 
y;, then the surface of the paraboloid generated by the revolution 
of AM about AP 


= 204 Ji+(4 dem ten/af"afe | an 
= 30a {(a, +a)" -a#} 


‘ § 102 Volume of a Parabolord —With the same notation we 
RVG 


volume=n/“"y'de= traf "1 oodee = he x 4am, Xa =heyl Xm, 
e 


or the volume of a paraboloid generated by the revolution of a part 
of a parabola between the vertex and any point is equal to half the 
volume of the circumscribing cylinder 

§ 103 If the coordinates of Q be 2,, ¥,, then the volume of the 
frustum PPQQ 

hr {yi2,- yity} = 2ua(es — xt) —de(ys tyih 
where h=MN , hence the volume of the frustum of a paraboloid 
y ue to half the sum of the areas of 1ts ends caultaphed by its 
eight 


F Ellupsod 
§ 104 Volume of an Ellepsoud —The equation to the ellipsoid 


bemg tae 
2° 
aty tent 


the equation to the elliptic section at the distance = from the 


or], 18 
2 2 


a” 


e re i ere 
ait 1 c 


Now if we draw an indefinite number of parallel planes a 
pendicular to the axis of z each slice will be an infinitely t 
cylindrical plate, and accordingly the whole volume of the ellipsoid 


=~ /Adz, where A 1s the area of the elliptic section 
But Annai 1 : =) , $51, 


therefore yolume=xab/ ‘(1- = dz= txabe 
¢ 


The sphere being an ellipsoid whose vxes are all equal, we obtain 
as before 
volume of sphere = $¢xa° = $rr° 

@ 


e 
" G Hyperbolod 
§105 Volume of an Hyperbolord —The hy perboloid 1s generated 
by the revolution of the hyperbolic segment ANP about AN (fig 
24, p 20) If the coordinates of P be a, y,, then 


volume of hyperboloid = of "y da = me -f, *1( 23 — a) dr 


where h= AN = 2, ~a 
Again, since z,, ¥, 18 on the curve, we have 
yoy 
2 £8 Sue — 3 Pete Eas 
atyi - (a+h) a*b*, which gives ar Sah 
rhy! Sa+h 
3 = ath 


, whence 


volume of hyperboloid = 





H Solids to which the “ Prismowdal Formula” apples 


§ 106 It was shown in § 72 that the volume of any polyhedron 
@ bounded by two parallel planes and by plane rectilinear figures 
m= bR(A,+4A, + Ay), 

whew A,, As, and A, denote respectively the areas of the two ends 
and of the middle section 

We aow proceed to show that the same formula determines the 
volumes of all solids bounded by two parallel planes, provided the 
area of any section parallel to these planes can be expressed a3 a 
rational nfegral algebraic function of the third degree in x, where 
# 18 the distanee of the section from either plane. 
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Let o(2)=A+Br+ C2? + D234 +kh2* denote the area 
of the section in question 

Now the solid between the sections ¢(0) and (4) 1s equal to the 
solid between the sections 9(0) and (2) plus the solid between the 
sections $(2) and ¢(4) Hence if the prismoidal formula 1s to hold 
in this case, we have 


4h {9(0)+ 49(2) +.9(4)} 
= sigh { (0) + 49(1) + 9(2)} + rh {H(2) +49(8) + 9(4)} 
where / 1s the distance between the sections ¢(0) and 94). 
Hence we have 
(0) — 49(1) + 6G(2) — 49(3) + 9(4)=0. 
Now 9(0)=—A 


- 49(1)= -4A -4B~4C~4D -4E- ~ 4K 
+69(2)=6A +12B + 240 + 48D + 96E + +6 2K 
— 49(3) = — 4A —12B - 36C - 108D — 324E - -43°K 


+ $(4)—A+4B+16C-+ 64D +256E+ 44K 


Therefore O-0+0+0+0+24E+PF+. . +TK 


Hence E=F = K=0, and therefore ¢(x) must be a func 
tion of the thud degree in order that the pnsmoidal formula may 


appl 

ee 07 If we take o(z)=A+ Ba +C2?+Dz", there will be as many 
possible varieties as there are combinations of four things, one, two, 
three, and four together, 2¢, 24‘-1=15 varieties Corresponding 
to each of these there will be at least one sold the area of 2 section 
of which at a distance 2 from one of the parallel planes 1s 
¢(z)=A+Boe+Cz?+Da3, and at least one solid of revolution 
generated by the curve whose equation 1s of the form 

xy = (x)= A+ Br+Cz?+ D2? 


As space prevents us discussing all the cases that may arise, we 
content ourselves by giving three examples as illustrations. 

(a) Volume of an ellipsoud —Here ¢(z)=Ba+Cz 

Let 2a, 2b, and 2c be the axes of which 2a 18 the greatest, then 
h=2a, A,=0,, A;=90, and A,=-nxbe ’ 
therefore volume=$A(A, +4A,+A,)=4a(4ebc)=frak , 
which agrees with the result im § 104 

(8) Volume of a sphere —Here xy? = ¢(2)= Br+ Cx* 

Let r be the radius of the sphere, then A=2r, A,=0, A,;=0, and 
A,~=7", hence, as before (§ 91) 


volume of sphere =4/A,-+r4A,+ As) 7 (4ar*) = gor 


(y) Volume of a right crcular cone —Here ry? = $(2) =Cz* 

Let r=radius of base and A the altitude, then A,=0, A;~ ar’, 
and A,=x(4r)? , hence 

volume of cone=gh{A,+4A, +Ag} =ga{ar?+ xr? } = jhwr* 

In a similar manner we can determine the volumes of a cylinder, 
a prolate spheroid, an oblate spheroid, &c 

§ 108 In general, if in any solid we have 

$(x)= A+ Bar+Cz?+D2*, 


where A, B, C, and D are known constants, then, if & be the length 


of the solid, 
A, = $(0) = A, 


A,= $(4h) =A + B(Gh) +C(4A)" + igh)’, 
As=¢(h) = A+ Bh+ Ch? + DAF, 
and therefore 
volume of solid = $2(A, +44, +s) 


= Ah+ §BA?+ {Ch +}DAS. 


I Solads of Revolution in General 

$109 Volume of any Solid of Revolution —Let P,P, . Pe 
(fig 34) be the generating curve, and A, A. the ams of 
revolution Divide the curve into portions in the pomta P,, P,, 
&c , and draw the chords and tang nts of the small arcs P,P, 
P,P,, &c , then it 1s evident that the solid generated by the curve 
1g greater than the sum of the comical frusta traced out by the 
chords and less than the sum of the comical frusta traced out by the 
tangents. Hence, by increasing the number of chords, namely, by 
increasing the points of division of the curve, we can make the 
difference between these sums as small as we please, and therefore 
by this method we can approximate as closely as we please to the 
volume of the solid generated 

Assuming that the points P,, P,, P, are so near each other that 
the sohd generated differs little from the frustum of a cone, and 
using the same notation as in § 63, we have volume generated by 

P,P,P,= dw A, A, (si + 433 +93) = be2A,A,(82+ 2 + 8) 
= dwa(s? +453 +93), 
similarly the volume generated by 
PsP yP, = dera(s} +48; +85), 

whence the volume generated by the whole curve P,P, 
wm dwa {si tent sh +si+ +85 a) tdi tait . 


P, 
+33 1)}3 : 
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or (mnce ws} = » X8ym 


rh 


» &c ) 


a= (tthe idea t ton a)td(ch+er+ + 3)}, 
@ formula more convenient 1n practice, as 1t 1s sometimes more easy 
to measure equidistant circumferences than equidistant radu 


J Theorems of Pappus 

§110 The following general propositions concerning su: faces and 
solids of revolution, usually called Guldin s theorems are worth the 
reader s attention 

If any plane curve revolve about any external axis situated in its 
plane, then 

(a) the surface of the solid which 1s thereb generated 1s equal 
to the product of the permeter of the revolving curve and the 
length of the path described by the centre of gravity of that peri 


moter , 

(8) the volume Jf the solid 18 equal to the product of the area of 
the revolving curve and the length of the path described by the 
centre of gravity of the revolving area 

We content ourselves with an example or two of the applestion 
of these theorems, referring to the article INFINITESIMAL CALCULUS 
for the proofs 

Example 1 —To find the surface and volume of a circular mng — 
Let a be the distance of the centre of the generating curve, in this 
case a circle, fiom the aris of rotation aud 7 the radius of the 
circle, then 

perimeter of generating curve=2ar, 
area of generating curve=xr?, and 


path described by the centre of gravity either of the pernneter or 
area =2ra , hence 

surface of nng= 2xr x 2xa=4era, and 

volume of nng =r? x 2ea= 22770 


Example 2 —To find the volume swept out by an ellipse whose 
axes are 2a and 25, revolving about an axis in its own plane whose 
distance from the centre of the ellipse 18 « 

Here area of generating curve = rab 
and path described by centre of giavity of area =2ee , hence 

volume generated = xab x 2wc= 2x"abe 


Example 8 —-A aircle of r inches radius with an msecnbed regular 
h n, revolves about an axis @ inches distant from its centre, and 
paral to a side of the hexagon to find the difference in area of 
e generated surfaces and 1 olumes 


Here perimeter of circle=2er 
and perimeter of hexagon = 12 x sin 80° (§ 17) 
= §r 
also area of circle =r? 
and area of hexa,on = 377s1n 60° (§ 18 8B) 
=H r ? 
hence difference of surfaces generated 
=e 4x*ra —12xar=4ear(x— 3), 
and difference of volumes generated 
om 2arig ~ 8er2h/8q 
= arta(2e - 38/3) 


PART III GAUGING 


§ 111 By gauging 1s meant the art of measuring the volume of a 
cask, or any portion of it The subject is one of great interest and 
pee 1mportance, but space will only permit us to discuss it very 
mefly If the cask whose capacity we wish to determine be a solid 
of revolution, then its volume can at once be computed, either 
exactly or approximately, by the methods already described 


MENTAL DISEASES See Insantry 

MENTON (Ital, AMentone), a cantonal capital in the 
department of Alpes Maritimes, France, situated 15 miles 
north-east of Nice, on the shores of the Mediterranean 
The town, which has a population of about 8000, rises 
hke an amphitheatre on a promontory by which its semi 
circular bay (5 miles wide at its entrance, and bounded on 
the W by Cape Martin and on the E by the chiffs of La 
Murtola) 1s divided It s composed of two very distinct 
want ana halaw alane the aaa shore 18 the town of hotels 
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It 18 usual to divide casks into the following four classes according 
to the nature of the revolving curve — 

(a) the middle frustum of a spheroid , 

(8) the middle frustum of a parabolic spindle , 

(y) two equal frusta of a paraboloid, united at their bases , 

(3) two equal frusta of a cone, united at their bases 
Casks of the second, third, and fourth vanety are rarely met with 
im practice, and we shall accordingly confine our attention to the 
first kind which 1s considered the true or model form of cask 

Let ABCD (fig 56) be a section of the cask, and assume it to be 
the middle frustum of a prolate spheroid, then 

its volume= $2(26?+ 53)k , 

where b= OY, b,=AX, and k= XX’ (§ 99) 

YY 1s called the bung diameter, and AB or CD the head 
diameter 

An imperial gallon contains 277 274 cubic mmches and therefore 
the number of gallons in the above cask 


“HQ +Ok_ 
5x B77 2747 GBI Bane tLe 


(aay ys where d=2), d,=2, 
whence we have the rule —to the square of the head diameter 
add twice the square of the bung diameter, multiply the sum by the 
length and divide the result by 1059 1, and the answer is the con 
tent in imperial gallons 

Cashs as ordinarily met with are not true spheroidal frusta, but 
it 1s better to consider them as 
such, calculate their capacity on 
this assumption, and then make 
allowance for the de re from 
the spheroidal form The de 
termination of the properallowance 
to be made in each case 1s a matter 
depending on the skill and ex 
 soiahig of the gauger, and pro 

caency in the art can only be 
attamed by considerable practice yy 

§ 112 Ifthe cask be very hittle Fig 56 
curved, we obtain an approxima B 
tion to its capacity by considering it as made up of twoCequal frusta 
of a cone, united at their bases Hence from § 83 we have 

volume of cask = 4xh(r? +1,73+73) nearly 
Here we neglect the small volumes geneiated by APY, YSD, 
BQY, and YRC and therefore the volume 1s too small 
If we put 7,73=73 we obtain 
volume=$xh(27i +13), 

which isa little too large and therefore the true volume hes between 
these two limits and a very close appioximation to it 1s said to be 
given by the formula 

jah {2rd +13 - M(r4-79)} 

$113 Ullage of a Cask —The quantity of liquor contained in a 
cask partially hlled and the capacity of the portion which 1s empty 
are termed respectively the wet and dry ujlage 

(a) Ullage of a standing cask —By means of the method applied 
in § 105, the following rule 1s deduced — 

Add the square of the diameter at the surface the square of the 
diameter at the nearest end, and the square of double the diameter 
half way between , multiply the sum by the length between the 
surface and the nearest end, and 000472 

The product will be the wet or dry ullage according as the leaser 
portion of the cask 1s filled or empty 

(8) Ullage of a lytng cask —The ullage im this case 18 found 
approximately on the assumption that it 1s proportional to the seg- 


xb 


ment of the bung circle cut off by the surface of the liquor The 
rule adopted in practice 18 
ullage=£ content x segmental area (W T*) 


and of foreigners, which alone is accessible to wheeled 
vehicles, above is that of the native Mentonese, with 
steep, narrow, and dark streets, spread over and 

to the mountam, around the strong castle which was once ‘ 
18 protection against the attacks of pirates Facing the 
south-east, and sheltered on the north and weat by hagk _ 
mountains, the Bay of Menton enjoys a delicious climate, 
and 12 on this account*much frequented by invalids re- 
quiring a mild and equable temperature, The mean for 
the year 1s 61° Fahr, exceeding that of Rothe or of 


MEN—MER 


Pisa, and equalling that of Naples Frost occurs on 
the average only once m ten years, m one particular 
year the thermometer did not fall below 46° Fahr In 
summer the heat 1s never very great, the temperature 
rarely exceeding 86° Fahbr Winter and summer are the 
most agreeable seasons, in autumn the ram storms are 
accompanied by sudden changes of temperature, and in 
spring the sea breezes are apt to be violent Besides the 
charms of its climate, Menton offers those of an almost 
tropical vegetation Lemon trees, olive-trees, and pines, 
rising above each other in successive stages, adorn the sur 
rounding slopes The district produces forty millions of 
lemons yearly, and this 1s the principal source of 1ts natural 
wealth The olive trees are remarkable for the great size 
they have gttained im the course of the centunes during 
which they have continued to bear Of their wood a 
multitude of fancy objects are made for sale to strangers 
The ongm of Menton 1s unknown During the Middle Ages xt 
was successively occupied by the Saracens, the Genoese, and the 
princes of Anjou In the middle of the 14th century 1t was pur 
chased as a single domain by the Grimaldis, lords of Monaco 
During the tames of the republic and the first empire 1t belonged 
to France, but in 1815 it again became the pioperty of the 
rinces of Monaco, who subjected it to such exactions that in 1848 
its inhabitants, weary of finding their reasonable demands put off 


with empty promises, proclaimed their town free and dependent, 
under the protection of Sardima Menton, with the neighbouring 


commune of Roquebrune, was united to France mm 1860, at the same 
time as Nice and Savoy 
MENTZ See Marnz 


MENZEL, Wotreane (1798-1873), poet, critic, and 
historian, was born June 21, 1798, at Waldenburg m 
Silesia, studied at Breslau, Jena, and Bonn, and after 
livmg for some time in Aarau and Heidelberg finally 
settled in Qtuttgart, where, from 1830 to 1838, he had a 
seat in the Wurtemberg “landtag” His first work, 
clever and original volume of poems, entitled Streckverse 
(Heidelbezg, 1823), was followed in 1824-25 by a popular 
Geschichte der Deutschen 1n three volumes, and in 1829 
and 1830 by Rubezakl and Narcissus, the ballads upon 
which his reputation as a poet chiefly rests In 1851 he 
pubhshed the romance of Furore, a lively picture of the 
period of the Thirty Years’ War, his other very numerous 
writings include Geschechte Huropa’s, 1789-1615 (1853), 
and histories of the German war of 1866 and of the 
Franco German war of 1870-71 From 1825 to 1848 
Menzel edited a “ Litgraturblatt” im connexion with the 
*Morgenblatt , the latter year he transferred his allegiance 
from the Liberal to the Conservative party, and m 1852 
his “Literaturblatt ’ was again revived in that interest 
In 1866 his political sympathies again changed, and all his 
energies were employed to oppose the “particularism ” of 
the Prussian “junkers” and the antiunionism of South 
Germany Hedied on April 23,1873 His large private 
hbrary of 18,000 volumes was afterwards acquired for the 
university of Strasburg 

MEPHISTOPHELES, the name of one of the person 
fications of the principle of evil In old popular books 
and puppet-plays the word appears in various forms,— 
as Mephistopheles, Mephistophiles, Mephistophils, and 
Mephostophiis In the Tragrweal History of Doctor 
Faustus, Marlowe writes “Mephistophihs”, in the Jferry 
Wwves of Windsor we find “ Mephistophilus’ The etymo- 
logy of the word 1s uncertain According to one theory, 
* it may be taken to represent pydworodiAys , in which case 

the meaning would be “one who loves not light” Another 
ehoory 1s that*the word 13 a combination of the Latin 
“mephitis” and the Greek ¢iAos, signifying “one who 
loves” noxious exhalations” Probably it 1s of Hebrew 


origin,—from "RR a destroyer, and bab, taken to mean & 
har This yiew 1s supported by the fact that almost all 
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the names of devils in the magic books of the 16th century 
spring from the Hebrew In the old Faust legends the 
character of Mephistopheles 1s simply that of a powerful 
and wicked being who fulfils Faust’s commands im order to 
obtain possession of his soul Marlowe attributes to him 
& certain dignity and sadness, and there can be little doubt 
that the Mephistophilis of the Zragical History suggested 
some important traits of Milton’s Satan The name hag 
been made famous chiefly by Goethe, whose conception of 
the character varied at different periods of his career 
the fragment of Faust published in 1790, but wnitten 
many years before, Mephistopheles has a clearly marked 
individuality, he 1s cynical and matenalistic, but has a 
man’s delight in activity and adventure, and his magical 
feats alone remind us that he 1s preternatural Inre 
and extending this fragment, which forms the chief portion 
of the first part of Faust, Goethe treated Mephistopheles 
as the representative of the evil tendencies of nature, 
especially of the tendency to denial for 1ts own sake, rather 
than as a living person This character Mephistopheles 
maintains in the second part, where, indeed, the name often 
stands for a pure abstraction 

See Julius Mosen, Faust, Duntzer, Erlauterungen su Goethe s 
Werken Faust , Vischer, Goethe s Faust 

MEQUINEZ (the Spanish form of the Arabic Mzkndsa), 
a town of Morocco, the ordinary residence of the emperor, 
1s situated in a fine hilly country about 70 mules from the 
west coast and 35 west-south west of Fez on the road to 
Sallee, in 34° N lat and 5° 35 W long The town wall, 
with 1ts four-cornered towers, is kept m good condition, 
and a lower wall of wider circuit protects the luxumant 
gardens with which the outskirts are embellished In the 
general regularity of its streets, and in the faarly substantial 
character of its houses, Mequinez ranks higher than any 
other town in Morocco, but it possesses few buildings of 
any note, except the palace, and the mosque of Mule: Ismael, 
which serves as the royal burying place At one time the 
palace (founded in 1634) was an umposing structure, but 
the finest part has been allowed to gotorun In 172] 
Windhus described it as “about 4 miles in circumference, 
the whole building exceeding massy, and the walls in every 
part very thick , the outward one about a mile long and 25 
feet thick” The best part consisted of oblongs enclosing 
large open courts or gardens Mortar or concrete was the 
principal material used for the walls, but the pillars were 
in many cases marble blocks of great beauty and costliness 
(A Journey to Megquener, London, 1725) Most of the 
inhabitants of Mequinez are connected more or less directly 
with the court Their number has been very vanously 
estimated by different travellers Graberg de Hemso gives 
56,000 in 1834, Rohlfs im 1861 from 40,000 to 50,000, 
and Conrig m 1580 about 30,000 The town was 
formerly called Takarart Edrisi refers the present name 
to a Berber chief Mehnds 

MERAN, a favourite health resort, and the capital of 
district m South Tyrol, Austma, 1s picturesquely situated 
at the foot of the vine clad Kuchelberg, on the nght bank 
of the Passer, about half a mile above its junction with the 
Adige, and 45 mules to the south of Innsbruck Meran 
proper consists maimly of one long narrow street, called 
the Laubengasse, flanked by covered arcades Ina wider 
sense, the name 1s often used to imelude the adjacent 
villages of Untermais, Obermais, and Gratsch The most 
noteworthy buildings are the Gothic church of St Nicholas, 
with its lofty tower, dating from the 14th and 15th 
centuries , the Spitalkirche, built in the 15th century, and 
restored m 1880, and the quaint old Furstenhaus, or 
residence of the counts of Tyrol The/town contams a 
gymnasium, & nunnery and school for 
for aick priests, and several other chantAble establishments, 





30 


Meran owes its high reputation as a resort for consumptive 
and nervous invalids to the purity of its air and its com 
parative immuuity from wind and ram im winter It stands 
in 46° 41’ N lat, at a height of 1050 feet above the sea, 
and has @ mean annual temperature of about 54° Fahr 
Meran enjoys three seasons, being also visited in spring 
for the whey-cme and in autumn for the grapecure The 
arrangements for the comfort of the visitors are very com 
plete, and the environs afford opportunity for numerous 

leasant walks and excursions The favourite promenade of 
the :nhabitants 1s on a massive dyke, built to protect the 
town against the encroachments of the Passer Nearly 
twenty old castles and chateaus are visible from the bridge 
over the Passer, the most interesting being Schloss Tyrol, 
an ancient edifice which has given its name to the entire 
country  Meran 1s now frequented by about 6500 patients 
and 8000 to 9000 passing tiavellers annually In 1880 its 
population, includmg Obermais and Untermais, amounted 
to 5334 souls 


Meran 1s j robably the rey res ntative of the Roman Urls Majensis 
afterwards ae nas Manan It became a town in 1290 and 
down to 1490 was the capital of the counts and dukes of Tyrol 
The town snffercd somewhat during the Peasants War in the 16th 
century, and sutscquently from destructive Hoods As a health 
resort 1t his been known for about forty years The whole region 
in which it lies 15 singularly 11ch in Instonc interest 


Autho» ttres —Beda Webtr AMeran Duingsfeld Aus AMeran 1868 Noe Der 
Fruhitng von Meran Stanpfer Chronzd ton Merar 1867 and G schec/te der 
Stadt Meran 1872 firche Meran als Als) attscher Auror( 1870 Plant Fudrer 
durch Meran 24cd 1879 hknoblauch Meran Sthed 1881 


MERCATOR, Gerarpus (Latinized form of Gerhard 
Kramer) (1512~1594), mathematician and geographer, was 
born at Rupelmonde in Flanders, May 5, 1512 Hav 
ing completed his studies at Louvain, he devoted him 
self to geography, and, after beng for some time attached 
to the household of Charles V, he was appointed cosmo 
grapher to the duke of Juliers and Cleves in 1559, taking 
up his residence at Duisburg, where he died December 2, 
1594 One of his earliest cartographical works was a 
terrestrial globe (1541), followed in 1551 by a celestial 
globe In 1552 he published a treatise De usu annulr 
astronomun (Louvain), and at Cologne in 1569 his Chrono 
logua, hoc est temporum demonstratro ab wnttto mundr 
usque ad Annum Domim 1568, ex eclipsibus et observa 
tronrbus astronomuts, sacris quoque Biblias, &c In the same 
year was published the first map on Mercator s well known 
projection, with the parallels and meridians at mght angles, 
for ust in navigation At Cologne, in 1578, appeared his 
Tabule geographus ad mentem Ptolemer restitute et emend- 
ate The work by which he 1s chiefly known 15 his atlas, 
published in 1594 at Duisburg, m folio, under the tatle of 
Atlas, swe Cosmographice meditatrones de fabrica mundr 
It contains, besides the maps, cosmographical and other 
dissertations, some of the theological views in which were 
condemned as heretical , 1 was completed by Hondius in 
1607 Several of the maps had been previously published 
separately, the atlas being delayed to allow Ortelius to 
complete his Mercator also published in 1592 a Han 
mona Evangelvorum 

MERCURIAL AIRPUMP This name 1s given to 
two distinct instruments, one of which 1s founded on 
statacal, the other on hydrodynamical principles 

1 The Statwal Pump —The famous spiritualist Sweden 
borg was the first to conceive an air pump in which a mass 
of mertury, by bemg made to mse and fall alternately 
within a” yertical vessel, should do the work which in the 
ordinary instrument 18 assigned to the piston He pub- 
hshed a ription of his pump mm 1722, but it 1s 
questionable whether his design was ever realized Of 
numerous subsyquent inventions the only one which, in 
fact, has survive} 1s the admirably simple and yet efficient 
instrument first described in 1858, but constructed some 
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time before, by H Geisler of Bonn, which at once, and 
justly, met with universal acceptance 

The general scheme of Geisler’s pump 1s shown 1m fig 1 
A and B are pear shaped glass vessels connected by a long 
narrow indiarubber tube, which must 
be sufficiently strong in the body (or 
strengthened by a lmen coating) to 
stand an outward pressure of 1 to 1? 
atmospheres A terminates below in @ 
narrow vertical tube c, which 1s a few 
mches longer than the height of the 
barometer, and to the lower end of this 
tube the india rubber tube 1s attached 
which connects A with B To the 
upper end of A is soldered a glass two- 
way stop-cock, by turmmg which the 
vessel A can either be made to com 
municate through s and a hole in the 
hollow cock with the Wessel to be ex 
hausted (I, fig 2), or through g with 
the atmosphere (II, fig 2), or can be 
shut off from both when the cock holds 
an intermediate position The apparatus, 
after having been carefully cleaned and 
dried, 1s charged with pure and dry mer 
cury, which must next be worked back - ae eee 
wards and forwards between A and B to . 
remove all the air bells The aur is then driven out of A by 
hfting B toa sufficient level, turning the cock into position 
II, and lettimg the mercury flow into A until it gets to 
the other side of the stop-cock, which 1s then placed in 
the intermediate posi y 
tion Supposing the A 
vessel to be exhausted 
to have already been 
securely connected with 
b, we now lower the 
reservoir B so as to re 
duce the pressure in A 
sufficiently below the 
tension in the gas to 
be sucked in, and, by | 
turning the cock into tau 
position I , cause the gas 
to expand into and al 
most fill A The cock 
1s now shut against both 
a and 6, the reservoir 
hfted, the gas contents 
of A discharged through 
a, and so on, until, when 
after an exhaustion mer 
cury 1s let mto A, the 
metal strikes against the top without mterposition of a 
gas bell In a well made apparatus the pressure in the 
exhausted vessel 1s now reduced to ,'; or oy of a mili 
metre, or even less An absolute vacuum cannot be pro 
duced on account of the unavoidable air film between the 
mercury and the walls of the apparatus 


The great advantage of the mercurial over the ordmary air-pump 
1s that 1t evacuates far more completely than the latter, that 1t 
affords direct and unmistakable evidence of the exhaustiveness of 
its work, and—last not least—that 1t enables one to transfer the gas 
sucked out to another vessel without loss or contamination, so t 
1t can be measured and analysed On account of this latter fatuie 
more especially, the instrument 1s highly valued as an auxhary in 
gasometric researches Without it the researfhes on which, rests 
our present knowledge of the gases of the blood could not have been 
carried out The actual instrument, as constructed fog various 
kinds of work has of course virious complexities of detail omitted 
in the above description For these the reader must refer to hand- 
books of practical physiology . 








Fig 2—Arrangements of Stop Cock 
in Air Pump ‘ 
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As it takes a height of about 30 inches of mercury to balance 
the pressure of the atmosphere, a Geisler pump necessanly 18 a 
somewhat long legged and unwieldy instrument It can be con 
siderably shortened, the two vessels A and B brought more closely 
together, and the somewhat objectionable india rubber tube be dis 
pensed with, if we connect the aur space in B with an ordinary air 

ump, and by means of it do the greater part of the sucking and 
the whole of the lifting work An instrument thus modified was 
constructed by Poggendorff (see his Annalen, vol cxxv p 1651, 
1865), and another, on somewhat different principles, by Prof 
Dittmar (see the ‘‘ Challenger Reports) 

Even a Geisler’s =ep cock requires to be lubricated to ky abso- 
iutely gas tight, and this occasionally proves a nuisance Hence a 
number of attempts have been made to do without stop cocks alto 
gether In Toplers pump? this 1s attamed by using both for the 
inlet and the outlet vertical capillary glass tubes, soldered, the 
former to somewhere near the bottom, the latter to the top of the 
vessel These tubes, bemg more than 30 inches high, obviously 
act as efficient mercury traps , but the already considerable height 
of the pump is thus multiphed by two This consideration hiss led 
Al@&ander Mitscherlich (Pogg Ann, cl 420 1878), and quite 
lately F Neisen (2 f Instrumentenkunde, 1882, p 285) to intro 
duce glass valves in lien of stop cocks, As glass floats ou mercury, 
such valves do not necessarily detract from the exhaustive power 
of the pump 

2 The Dynamic Pump —This was invented in 1865 by 
H Sprengel. The instrument, in its original (simplest) 
form (fig 3), consists of a vertical 
capillary glass tube a of about 
1 mm_ bore, provided with a 
lateral branch 6 near its upper 
end, which latter, by an india 
rubber jot governable by a screw 
clamp, communicates with a funnel 
The lower end 1s bent ito the 
shape of a hook, and dips into a 
pneumatic trough The vessel to 
be exhausted 1s attached to 8, and, 
1n order t@ extract its gas contents, 
a properly regulated stream of mer 
cury 1s allowed to fall through the 
vertical tube Every drop of mer 
cury, as 1t enters from the funnel, 
entirely closes the narrow tube like 
@ piston and im going past the 
place where the side tube enters 
entraps a portion of air and caries 
it down to the trough, where it can 
be collected If the vertical tube, 
measuring from the point where 
the branch comes 1n, 9s a few inches 
greater than the height of the 
barometer, and the glass and mer 
cury are perfectly clean, the apparatus slowly but surely 
produces an almost absolute vacuum 

The great advantages of Sprengel s pump lie m the simphiity o 
its soneteuclitn rhe the iealliiecs with tak it ada te iteell : 
the collecting of the gas It did excellent service in the hands of 

for the extiaction of gases occluded in metals, and since 
then has become very popular m gas laboratories, especially in 
Britain Many improvements upon the onginal construction have 
been proposed One of these which deserves mention 18 to the 
mercury, before it enters the “falling tube through a bulb in 
which a good vacuum 18 maintained, by means of an ordmary air 
pump or a eecond ‘‘ Sprengel (WD) 

MERCURY was the Roman god who presided over 
barter, trade, and all commercial dealings His nature 1s 
probably more intelhgible and simple than that of any 
other Roman deity His very name, which 1s connected 
with merz, mercator, &c, shows that he 1 the god of 
merchandise and the patron of merchants In the native 
eiplan states*no merchants and no trade existed till the 
influence of the Greek colomes on the coast introduced 
Greek customs into the cities of the land All the usages 


"a Polytechn Journal, 1862 , an unproved form by 
18 described in Wredemann s Annalen, xn 425, 1881 





Fic 3 —Sprengel s 
Ar Pump 
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and terminology of trade, and all the rehgious ceremonies 
connected with it, were borrowed by the Romans from the 
Greeks It was no doubt under the rule of the Tarquins, 
when the prosperity of the state and its intercourse with 
the outer world were so much increased, that merchants 
began to ply ther trade m Rome Doubtless the 
merchants practised their religious ceremonies from the 
first, but their god Mercurius was not officially recognized 
by the state till the year 495Bc Rome frequently suffered 
from scarcity of corn during the unsettled times that 
followed the expulsion of the Tarquins Various religious 
mnovations were made to propitiate the gods, in 496 the 
Greek worship of Demeter, Dionysus, and Persephone 
was established mn the city (see Lipxr), and in 495 the 
Greek god Hegmus (qv ) was introduced into Rome under 
the Itahan name of Mercurius (Livy, u 21, 27) Preller 
thinks that at the same time the trade in corn was regu 
lated by law, and a regular college of merchants was 
stituted This colleguum was under the protection of the 
god, their annual festival was on the Ides of May, on 
which day the temple of the god had been dedicated at 
the southern end of the circus maximus, near the Aventane , 
and the members were called mercurtales as well as 
mercatores The Ides of May was chosen as the feast of 
Mercury, obviously because Maia was the mother of 
Hermes, te, of Mercury (see Mata), and she was wor 
shipped along with her son by the mercuriales on this 
day According to Preller, this religious foundation had 
a political object , 1t established on a legitimate and sure 
basis the trade between Rome and the Greek colonies of 
the coast, whereas formerly this trade had been exposed to 
the capricious interference of the Government ofhcials for 
the year Jake all borrowed religions m Rome, it must 
have retained the mtes and the termmology of its Greek 
original (Festus, p 257) Mercury became the god, not 
only of the mercatores and of the corn trade, but of buying 
and selling in general , and it appears that, at least mn the 
streets where shops were common, little chapels and umages 
of the god were erected There was a spring dedicated to 
Mercury between his temple and the Porta Capena , every 
shopman drew water from this spring on the Ides of May, 
and sprinkled it with a laurel twig over his head and over 
his goods, at the same time entreating Mercury to remove 
from his head and his goods the guilt of all his deeits 
(Ovid, Fast, v 673 sq) The artof the Roman tradesman 
was evidently like that of an Oriental tradesman in modern 
times, and the word mercurralss was popularly used as 
equivalent to “cheat ’ In the Latim poets Mercury 1s often 
gifted with some of the manifold characters of the Greek 
Hermes, but this finer conception seems to have had no 
real existence 1n Roman religion 

Roman statuettes of bronze in which Mercury 18 represented, hke 
the Greek Hermes, standing holding the caduceus mm the one hand 
and a purse in the othe: are exce ly common The caduceus 
must have been introduced as a symbol of Mercury at a very early 
time, for 1t 1s found on Itahan coins as eatly as the 4th century 
before Christ, and we learn that several were hept as sacred objects 
in the adytum of the sanctuary at Lavimum (Dion Hal, 1 67) 
But its foreign origin 1s shown by the fact that, although 1t was a 
sign of peace, it was never borne by the fettales, the old Italian 
heralds The very name is denved from the Greek xnpuxeioy 
Prellers view (Rom Myth ) that mercurwales and mercatores are 
the same guild 1s a tempting one but its trath 1s very doubtful 


Mommeen thinks that mercuriales were a purely local guild, viz, 
the pagans of the Circus valley 


MERCURY, in chemistry, 15. metal (symbol Hg) which 
18 easily distinguished from all others by its bemg hquid 
at even the lowest temperatures naturally occurring in 
moderate clhmates To this exceptional property it owes 
the synonyms of gutclaleer m English (with the Germans 
queckslber 1s the only recognized name) and of Aydrar- 
gyrum (from wp, water, and cpyupos, silver) in Greeco-Latin. 
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This metal does not appear to have been known to the 
ancient Jews, nor 1s 16 mentioned by the earlier Greek 
writers Theophrastus (about 300 Bc) mentions it as & 
derivative of cimnabar With the alchemists it was a 
substance of great consequence Beimg ignorant of its 
susceptibility of freezing into a compact solid, they did not 
recognize it as a true metal, and yet, on the authonty of 
Geber, they held that mercury (meanmg the predominating 
element 1m this metal) enters into the composition of all 
metals, and is the very cause of their metallicity When, 
about the begining of the 16th century, chemistry and 
scientific medicme came to merge into one, this same 
mysterious element of ‘ mercury played a great part in 
the theones of pathology , and the metal, in the free as in 
certam combinea states, came to be looked upon as a 
powerful medicinal agent, which position, on purely em 
pirical grounds, it continues to hold to the present day 

Mercury occurs in nature chiefly in the form of a red 
sulphide, HgS, called cmnabar, which, as a rule, 1s accom 
panied by more or less of the regulme metal,—the latter 
being probably derived from the former by some secondary 
reaction The most important mercury mines in Europe 
are those of Almaden in Spain and of Idna in Illyna, 
these until lately furnished the bulk of the mercury of 
commerce, but they are now almost eclipsed by the nich 
deposits of New Almaden m Cahforma Considerable 
quantities of mercury are said to be produced in China and 
im Japan, minor deposits are being worked in the Bavarian 
Palatinate, in Hungary, Transylvania, Bohemia, and Peru 
At Almaden the ore forms mighty veins traversing micaceous 
schists of the older transition period in Illymait is dis- 
seminated im beds of bituminous schists or compact lime 
stone of more recent date 

Chemucally speaking the extraction of mercury from ito 
ores isa simple matter Metallic mercury 1s easily vola 
talized, and separated from the gangue, at temperatures far 
below redness, and cumnabar ata red heat 1s readily reduced 
to the metallic state by the action of iron or lime or 
atmospheric oxygen, the sulphur being eliminated in the 
first case as sulphide of iron, in the second as sulphide 
and sulphate of calcium, in the third as sulphurous acid 
gas To the chemical mind a close iron retort would 
suggest itself as the proper kind of apparatus for carrying 
out these operations but this idea 1s acted upon only in 
a few small establishments —for instance in that of Zwei 
brucken in the Palatinate, where lime is used as a decom 
posing agent In all the large works the decomposition 
of the cinnabar is effected by the direct exposure of the 
ore to the oxidizing flame of a furnace, and the mercury 
vapour, which of course gets diffused through an immense 
mass of combustion gases is sought to te recovered mn 
more or less imperfect condensers 

At Almaden this roasting distillation 1s effecte! in prismatic 
furnaces which by a second upycr (b 1k) giating are livided mto 
two flats the lower one serving for the generation of a wood fire 
‘while the uj per accommodates the ore which 1s intro juced through 
an opening in the dome shaped 100f !'o avoid an excessive dilu 
tion of the mercury vapour with combustion gases patt of these aie 
fod out laterally into a chimney and the rest allowed to stmke up 
through the heap of ore ‘Lhe late mass of metalliferous vapour 

roduced pas» s out through a system of pies inscrtcd laterally into 

e dome an! so ariang d that they follow first a des ending and 
then an as ending }lan to lead ultimately into a co idensation 
chamber wh ch commun cates in its turn witha tinny The 
pipes are formed each of 1 la ge nimber of elongated pear shape 
earthenware adapters (calle 1 Zudel ) which are tel scoped into 
one another as in the case of the 10 line listillation a, prratus the 
omts bemg luted with clay The 1 west row of aludels which 
he in the line of intersection of the two inclined x lanes are pierced 
with holes below so that what arrives as liquid mercury there 
runs out mto a gutter levling to a reservoir What of mercury 
vapour remains uncondc sed in the aludels passes into the chamber 
the intention being to have it condensed there in reality a large 
proportion of the mercury passes out through the chimney (and 
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through the numerous leaks in the aludels) nto the atmosphere 
to poison the surrounding vegetation and the workmen Similar 
furnaces to the Almaden ones are used 
Almaden, only the condensation spperates are & little leas im 
perfect But in all three places the loss of metal 1s very consider 
able, at New Almaden it 1s said to amount to close upon 40 per cent 

The mercury obtained 18 purified mechanically = atraming it 
through dense hnen bags, and then sent out into commerce in Teather 
ea ra in wrought iron bottles provided with screw plugs, each 
holding about 75 i avoirdupois 


According to Balling’s Metallurgssche Chemee (Bonn, 
ee the production of mercury in the years named was 
as follows — 


Austria, exclusive of Hungary (1880) 869 tons 
Hungary (1879) 180 _,, 
Italy (1877) 55, 
Spain (1873) 929 ,, 
nited States (1875) 2054 ,, 
Assuming the amount to be the same from year to year, 
this gives a total of 3587 tons 


The price of the metalas subject to ummense fluctuations , 
it generally ranges from 2s to 7s 6d a pound avoirdupois 

Commercial mercury, as a rule, 1s very pure chemically, 
so that it needs only to be forced through chamois leather 
to become fit for all ordmary applications , but the metal, 
having the power of dissolving most ordinary other metals, 
1s very lable to get contaminated with these in the labora 
tory or workshop, and requires then to be purified For 
this purpose a great many chemical methods have been 
proposed, which, however, all come to this, that the 
base admixtures are sought to be removed by treatment 
with miric acid, oil of vitriol, or other agents which act 
preferably on the impurities The best of these methods 
1s that of Bruhl, who shakes the metal with a solution of 
5 grammes of bichromate of potash and a few cubic centi 
metres of sulphuric acid in one litre of water, until the red 
chromate of mercury, first produced, has disappeared, and 
its place been taken by green chromic sulphates The 
supernatant liquor and chromic scum are washed away by 
a powerful jet of water, and the clean metal 1s dried and 
filtered through a perforated paper filter The only really 
exhaustive method 1s redistillation out of a glass apparatus 
Unfortunately the operation 1s difficult of execution, as 
mercury “bumps badly on boiling, but this can be 
avoided by distilling the metal na perfect vacuum An 
Ingenious apparatus for this purpose in which the distilled 
metal itself 1s made to keep up the vacuum, was con 
structed lately by Leonhard Weber . A U tube, the limbs 
of which are longer than the height of tRe barometer, 1s® 
filled with pure mercury, and inverted, the one limb 
beg made to dip into a vessel with pure the other 
nto another contaiming the impure, mercury This second 
lumb 1s inflated above so that the meniscus 1s about the 
middle of the bulb This bulb 1s heated and the conse 
quence 1s that the metal there distils over into the first 
limb to add to the supply of pure metal, the impure 
rising up in the second by itself to maintain a constant 
level Dewar has modified the apparatus so that there 
is no need of a supply of pure metal to start with 
Absolutely pure mercury does not at all adhere to any 
surface which does not consist of a metal soluble in mercury 
Hence the least quantity of 1t, when placed on a shect of 
paper, forms a neatly rounded off globule, which retains its 
form on being rolled about, and, when subdivided, breaks 
up into a number of equally perfect globules The presence 
in 1t of the minutest trace of lead or tin causes 1t to “draw ® 
tails A very impure metal may adhere even to glass, 
and in a glass vessel, stead of the normal convex, fartm 
an irregular flat meniscus 

Properties —The pure metal is silver white, and rdtains 
its strong lustre even on long exposure to 0 air 
At - 38°8 C,2e,-37°9 F (Balfour Stewart), 1 freezes, 


m Idna and at New ° 
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with considerable -ontraction, into a compact mass of 
regular octahedra, which can be cut with a knife and be 
flattened under the hammer The specific gravity of the 
frozen metal is 14 39, that of the hqmd metal at 0° C x» 
13 595 (water of 4°C =1) Under 760 mm _ pressure 
it boils at 357° 3 C (675° 1 Fahr ) (Regnault) At very 
low temperatures it seems to be absolutely devoid of 
volatility (Faraday), but from - 13°C upwards (Regnault) 
it exhibits an appreciable vapour tension 

* The following table gives the tensions “p,” in millimetres 
of mercury of 0° C, for a series of centigrade temperatures 
“¢,” according to Regnault — 


t= 0? 10° 20° 50° 100° 150° 200° 
p=02 08 04 Il 75 427 1990 
t= 250° 300° 350° 400° 450° ~—-500° 
p=-7575 2421 6632 1558 3384 6520 


According to the same authority, its average coefficient 
of expansion / per degree C 18 a» follows — 


0-100°C 0 200° C 0 300°C 
h= 0001815 0001831 0001866 
or 1/5510 1/432 1/9359 


Its specific heat in the hquid state 1s 03332, that of 
the frozen metal (between —75° and -40° C) 1s 0319 
(Regnault) 
silver (Matthicsen) Its conductive power for heat 1s 
gr ater than that of water, and 1s proved (by Herwig) to 
be perfectly constant from 40° to 160°C Its vapour 


Its electric conductivity 18 gy of that of pure | 
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precuptatus per se Priestley made the important discovery that 
the ‘‘ precipitate’ when heated to dull redness 1s reduced to metal, 
with evolution of what has since been known as oxygen £18, but it 
was reserved for Lavoisier to coriectly interpret this experrment 
and thus to establish our present views on the constitution of 
atmospheric alr Ihe oxide 1s easily prepared by heating any 
nitrate of the metal as long as miti us fumes are sein to go off 
(when 1t remains as a scalv mass, black whcn hot, red ifter cooling), 
or else by precipitating the solution of a mercuric salt with excess 
of caustic potash or soda, when it comes down as an ~morphous 
yellow precipitate, which is free of combincd water Mercurous 
oxide, a black solid, can be obtained only indirectly, by the decom- 
position of mercurous salts with fixed causti alkalics Both oxides 
are insoluble 1n water, but dissolve in certain, and combine with 
all, aqueous acids with formation of mercury salts and elimination 
of water Thus, for instance, 
Hg,0+2HNO;=H,0+ Hg (NO,) 
Mercu cus mit ate 
Hg0 +2HNO;=H,0+Hg N0O,), 
Meicuzic 1 trate 

The Nitrates —When metallic mercury 16 sct aside with its own 
weight of mitzic acid of 12 specific gravity, at ordinary temper. 
tures, the normal mercurous salt Hg (NO,), 1s gradually ; roduced, 
and after a day or two 1s found to have separated out 1n colourless 
crystals ‘These are soluble (somewhat spanngly) in water acidu 
Inted with nitric acid, but arc decomposed by the action of pure 
water with formation of difficultly soluble basic salt When 


- this salt (or the metal itself) 1s treated with excess of nit acid it 


dinsity (air of the same temperature and pressure = 1) 13 | 


6 J76 (Dumas), or 10093 for hydrogen=1 Hence its 
m lecular weight (H,=2)1s 20156 The atomic weight, 
by chemical methods, was found=2000 (Erdmann and 
Marchand), hence mercury vapour molecules consist of 
single atoms Mercury does not appreciably absorb any 
chemically inert gas 

Mercuy 1s 1n constant requisition in the laboratory It 
1s used for the collecting and measuring of gases, in the 
construction of thermometers, barometers, and manometers, 
for the determination of the capacity of vessels, and many 
other purposes In medicine 1t serves for the preparation 
of mercurial omtment and of “hydrargyrum cum creta ’ 
(the chief component of “blue pills ), both are obtained 
by dilvently triturating the metal with certain proportions 
of grease and chalk respectively until it 1s “ deadened,” 2 ¢, 
subdivided into invisibly small globules (see below) 

Alloys —Mercury readily unites directly with all metals 
(except non and platinum) mto what are called amalgams 
In some casey the amon takes place with conuderable 
evolution of hut and large modificition of the mean pro 
perties of the components Thus, for mstancc, sodium 
when rubbed up with mercury unites with it with deflagra 
ton and formition of an alloy which, if it contams more 
tian 2 per cent of sodium, is hard and brittle, although 
sodium is as soft as wax and mercury a hqud Liquid 
amalgams of gold and silver are employed for gilding and 
bilvering objects of copper, bronze, or other base metal 
The amalgam 15 sprcad out on the surface of the object 
by means of a biush, and the mercury then driven off 
by the applcition of heat, when a polishable, firmly 
adhering film of the noble metal remams Copper 
amalgam «ontunne from 73 to 33 per cent of the solid 
metal, whicn worked mn a mortar at 100° C,, becomes highly 
plastic, but on stiading in the cold for ten or twelve hours 
Incomes hard ind ervstalline Hence it 1s used for the 
stuffing of tecth A curtun amalgam of cidimum is 
s milarly employed 


Oxuke —There ve two ovdes of mercury, namely an ovide 
llg,O called mercurous, and anotha, HgO, called mercurie ovde 
Tl latter can be jroluced duutly by ape the metal for 1 long 
{1neem ur ata temperiture somewhit below its boiling y unt 
When the ovrle 1 gradually formed aw arel powdery solid Phos 
bolid has Jong bicg hnown as ‘ red precipitate, of +s 7 vercurius 


15 oxidized into mercune nitrate Hg(NO,) awhite cristalline salt, 
icadily soluble in water without decomposition 

The Sulph ites —Cold aqueous suly huric 11d does not act upon 
meicury, but the hot sine atatell aid converts it first into 
mercurous and then ito mercuzic sulphate, with evolution of 
sulphurous acid 

Hg, + 2H,S0O,—2H,0+%0 + Hz SO, 
Hg,SO, + 2H.S0,—2H,0+S0 —.HLSO, 

Both ealts form white crysta'line magmas The mercurous salt 
is difhcultly soluble m wate: and cons+ juently produ inle by 
precipitation of the nitrate with suljhun ail The mercuric salt, 
when treated with water 15 decomposed w1 h formati n of a yellow 
insoluble basic salt which has long been hnown as fe rp tht m mine 
rale Its comjosition 1s SO, S3HgO when yrodu cl ty excess of 
hot water Mercunc sulphate 1s of importance chiefly as forming 
the basis for the manufacture of the two chlon les 

The Chlorides —These are loth extens1y cls us d me hi inal agents 
The mercuric salt HgClo, hucwn in melicme a> corrosive sub 
limate 1s prepared by mixing the sulj] ate intimitely with common 
silt and subjecting the miature to sullim tion 2 itt e tinovde 
of ac jaa being added to ovndize the wo rcurct salt which is 
generally present as an impunty ‘I! yiousis coruucted na 
glass flash buried ina hot sani bith Whenthe d ompoution 1s 
accomplished, the sand 15 remoye 1 from the upper half of the flask 
and the temperature rased so thit the chlomde Hgt] produced 
sublimes up and condenscs in the uy per yait as a ‘sulliumate ’ 
‘The salt, as thus produced forms compact crystalline crusts, which 
when heated, melt into 1 hmpid hyuwid before volanhzng = It 1 
soluble in witer 100 yatts of Which atld, 2% 1 dissolve 6 57 
7 39 54 parts of sult. Corrosive sublimate diss lves im 3 parts of 
a! ohol and in 4 yarts of ether This salt on account of its 
solubility in w iter, is adeadly poison Mercurouschior le Hg Cl, 
bitter known as © calomel fom «xados fiir and pedas Llach 
beeause 1t bucomes dead black when treated with ammoma mer 
cunc chloride yielding a white yroduct) is prepared by miung 
corrosive sublimate with the proper proportion of metalli mercury 
(HzCl Hz) or mercurx: sulphate with salt and mercury 1a the 
proportions of HigSO, Hg 2NaC) and sul jecting the miture to 
sublimation in glays flash, The salt Hi (1, 15 thus ot tamed in 
the form of white oy aque, crystalline crusts which when heated, 
volatilize, without jreviously melts int> a mixtur ot HgCl, 
and Hg vapow, which on coohng recombine into calomel — For 
madiunil purposes the subhmit as rived to an impalpatile 
powder washed with witer ty rim y ouy or sive sublimate that 
may be pr sent, and diud = b ing insolutle in water ita ts far 
less violently on the organism than murcun chlornk dos Its 
1 tion, no doubt, 1» due to its vers gradual conversion in the 
stomach into mercury and comrosive sublimate Finely divided 
calomel can be produced, without troul le, by the precipitation cfa 
solution of mercurous mtrat with hydiochlori acid or common 
sut but this preparation 1s hill to be contaminated with 
murcurous nitrate, and even when pore has been tound to act far 
more viol ntly thin ordimiry calomel does Hence its use is not 
tolerated by the pharmicoparis According to Wohler 1 mercurous 
chloride, more nearly eq valent to the sublimed artuck 1s produc 
ible by heating corrosive subiim ate solution with sulphurouws aud— 


2HgC), + H,S0,+ H,0 = 1,80, + 2HCi+ Hg, Cl, 
AVL — 5 
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The writer 1s unable to say whether Wohler’s calomel has ever 
found 1ts way anywhere into me licinal practice 

The Ivdides —The meicuiic silt Hgl, 13 produced mm two ways, 
viz, first by mixing the two elementary components intimately 
and subjecting the mixture to sublimation, and sccondly by pre 
cipit iting corrosive sublimate solution with its exact equiv wnt of 
rodide of potassium ‘In the fist case the st 15 obtained in jcllow 
crystals, which, on the slightest touch with a solid bod}, assume 
and then permanently retain a rich scarlet colour The precipita 
tion process at once yields the scarlet salt The salt 1s insoluble 
in water, but soluble in alcohol and in iodide of potassium solution 
The mercurous salt Hg,I, 13 obtained by precipitating mercurous 
nitrate with iodide of potassium 1 1 duty grecn powder iusoluble 
an water Both 1odidces are used medi inally 

The Sulphrdes —Mercurous sulj nic, Hg,S, does not seem to 
exist The mercuric salt, HS, eaists in tuo modifications, of 
which one 18 amorphous and his 1 black colour, while the other 1s 
crystalline and red =‘The blich one 1s optaned by aa ra ot 
solutions of mercuric salts with caccss of sulphuretted hydrogen 
o: by dincct syntheus Lhe mght proportions of mereuly and 
flowers of sulphur arc rubbed together in a mortar until the whole 
1s converted mto a jet bluk umform powder This preparation 
(the sethzops mineralis of the pharmaccutist), however, 15 apt to be 
contaminatcd with uncombined sulphur and mucury = Application 
of a gentle he wt causes exhaustive combinition The red sulphide, 
HgS occurs m nature as cinnabar, ind can be produced artificially 
from the black he artificial pare ation, known as vermilion, 18 
highly valued as the most Diulliant, stiblc, and innocuous of all 
mincril wd pigments Vermilion can be produced fiom the black 
sulphide in two wiys, viz, first by sublimation, and secondly by 
treatment of it with fixed alkaline sulphide solution According 
to Brunnct, 100 parts of mercury are midcd mntimately with 38 puts 
of flowcrs of sulphur, and the ethiops 1s digested, with constant 
agitation, in a solution of 25 pirts of potash in 150 parts of water at 
45°C (the w iter lost by evapor sation beg constantly replaccd) until 
the }1¢parition has come up to 1ts maximunin of fire and brilliancy, 
which takes 1 good many hours Purcly sublimed vermilion has a 
som itively dull colou1, and must be manipulated with alkaline 
sulphide solution to give 1t the necessary fire The action of the 
alkaline sulphide consists probably in this, that 1t dissolyes succes 
give instalments of the wmoiphous preparation and redeposits them 
mm the crystalline form 

Mercurie Derivatirs of Ammoma —(1) Recently precipitated 
oxide HgO 1s digisted, cold, in carbonic acid free ammonia, ind 
the mixture allowed to stand for a few days ‘The liquor 1s then 
dccantcd off and the precipitate washed with alcohol and then 
with ether, wd dned ove: sulphuric acid The product is a 
yellow solid base (“ Mallon s base ) of the composition 


N_H, +4 4Hg0+H,0-N,]z,0 2H 0+2H,0 


It 1s insoluble in alcohol and in ether and requires 18,000 parts 
of cold water for its solution It rewdily umites with all acias 
forming salts, which, asa rule, are insoluble in water Hence all 
ordinary salt solutions, when shaken with the base, are decomposed 
with elimination of the base of the salt ‘Lhus, for mstance, even 
such salts as alkaline uitiates, chlorides, or sulphates are decom 
posed with formation of solutions of caustic alkali 

(2) A body N,Hg,I,+2H 0, 2 ¢, of thecomposition of the iodide 
coiresponding to the oxide in (1), 1s produced as a brown precimtate 
when ammoni1 oran ammonia salt 1s added to a solution of mercuric 
1odide in iodide of potassium mixed with large excess of caustic 
potash or soda ( ‘ Nessle1s icagent ) In very dilute solutions of 
ammonia Nessler’s reagent produces only a brown or vellow color 
ation, which, however, 1» so intense that saggspaath of ammonia in 
about 50 cubic centimetres of ]1yu1d becomes clearly visible 

(3) The chlonde \H,Hg Cl of the “ammomum NH,H¢ 1s 
produced 18 an insoluble white precipitate when ammonia is added 
to a solution of corrosive sublimate This substance 1s known in 
medicine as infusible white preupitate, im contradistinction to (4) 

(4) Lhe tusible white precipitate was at one time supposed to be 
identical with (3), and 1s obtained by boiling it with 811 ammoniac 
solution Its composition 1s NH,HgC1+NH,Cl=N,H, Hg Cl 

Analysis —Any ordinary solid mercury compound, when heated 
10 & sublimation tube with carbonate of soda, yields a sublimate of 
metallic mcrcury, which, if necessary, needs only to be scraped 
together with a wooden spill to unite into visible globules From any 
mercury salt solution the metal 1s precipitated by digestion with a 
picec of bright copper foil The precipitated mercury forms a coat 
ms on the copper, which becomes silvery on being rubbed with 
blotting puper When the quickailvered copper 1s heated im a sub 
limation tube, 1t reassumes its red colour with formation of a sub 
limate of mercury 

Solutions of mercurous salts with hydrochlone acid give a white 
precipitate of calomel, which after filtration, 1s easily identified by 
its becoming jet black on treatment withammomia From mercuric 
solutions hydrochlone aci’ precipitates nothing, but stannous 
chlonde, in its twofold capacity as a chlonde and a reducing agent, 
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yields a precipitate of calomel On addition of an exccss of reagent 
the precipitate becomes grey through conversion into finely divided 
quicksilver Sulphuretted hydrogen, when added very graduallv 
to an acid mercuric solution, givcs at frst an almost white precip! 
tate, which, on addition of more and more reagent, assumes suc 
cessively a yellow, orange, and at last yet black colour The black 
ptcupitate 1s HgS, which 1s identified by its great heaviness, 
and by its bemg insoluble in boiling nitiic and in boiling hydro 
chlonc acid A mixture of the two (aqua regia) dissolves it a8 
chloride (W D 


Therapeutus of Mercury 


The use of mercury as a therapeutic agent 1s of com- 
paratively recent date To the Greeks and Romans its 
value was unknown, and the Arabian physicians only used 
it for skin affections It was not till the middle of the 
16th century that the special properties of meicury were 
fully appreciated, but since that time the metal has con 
tinued to hold a high though fluctuating value as, a 
medicine At first the metal im a finely divided state or 
m vapour was used, but gery soon its various compounds 
were found to be endowed with poweis even greater than 
those of the metal itself, and with the discovery of new 
compounds the number of mercurial medicines has largely 
incieased 

Thc preparations now in use may be thus classified (1) 
Of the preparations containing metallic meicury the chief 
members are blue pill (piula hydrargym), grey powder 
(hydrargyrum cum creta), and blue omtment (unguentum 
hydraigyn) The first consists of mercury, liquorice root, 
and confection of roses, the second of meicury and chalk, 
the third of mercury, suet, and lard The power of the 
three preparations scems to depend on the fine state of 
subdivision of the mercury they contain, meicury in 1ts 
ordinary liquid state seems devoid of medicinal propertie 
It 1s thought by some that the fine subdivision of the 
metal leads to the formation of a little oxide, anfi that the 
efficacy of the preparations in part depend» on this (2) 
Three oxides of mercury are employed in medicine,—the 
red, fiom which 1s made red precipitate ointment (unguen 
tum hy drargyri oxydi rubri), the yellow, an allotzopic form 
of the red, and the black oxide The yellow and black 
oxides suspended im hme water form 1espectively yellow 
and black wash (lotio flava and lotio mgra) (3) The 
chlorides of mercury form a very important group 
calomel (hydrargyri subchloridum) 1» a white heavy 
powder, corrosive sublimate (hydrargym perchlondum) 1s 
a heavy crystalline substance (+4) Two iodides are used 
medicinally , they are known from®theirecolour as the _ 
green and red iodides (5) Nitrate of mercury enters into 
the composition of a powerful caustic known as the acid 
nitrate of mercury It 1s also the active principle of citrine 
omtment (unguentum hydrargyni nitratis) (6) In this class 
only ammoniated mercury and its omtment commonly 
known as white precipitate ointment, are contained Of 
the many compounds not included in the above classifica- 
tion the oleate and albuminate are the most umportant. 

Mercurial ahd prin are largely emploved as external appli- 
cations Several of them are potent agents for the destruction of 
the lower forms of animal life, and hence are employed to destroy 
parasites having their habitat mm skin, hair, and clothmg The 
white and red precipitate orntments are specially effective in the 
destruction of pediculi, and blue ointment 1s occasionally used for 
the same purpose Corrosive sublimate 1s, however, the most 
energetic of the mercurial parasiticides, and recent observations 
seem to show that 1t 1s superior to almost all other substances as 
agerm destroyer It 1s sometimes used to get nd of nngworm 
It should be remembered that corrosive sublimate 1s a powerful 
irritant to the skin, and also an active poison 

Acid nitrate of mercury 1s a caustic, and by it warts and small 
growths are sometimes removed , it 1s also one of the caustics ogsa™ 
sionally applied to prevent the spread of lupus 

In skin diseases mercurial preparations are largely used, espetially 
in some forms of eczema A few grains of the red oxide or of 
ammoniated mercury 1n an ounce of zinc ointment are offen found 
of great service in this ailment, citrine omtment 1s useful, 
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Calomel ointment 1s not nmtating but rathe: tends to soothe It 
1s therefore sometimes applicd to wiitablc ashes, mm pruritus an 
it 18 of special value Mercurial preparations are not usually found 
of bencht in scaly eruptions In acne a woth solution of corosive 
sublimte 18 often most effective 

Preparations of mercmy are often used to heal ulccrs, especially 
those of syphilitic o11,10 Black wash 15 one of the commonest 
applications for this purpose Lhe red ovile ointinent is at times 
employed to stimulate indolent ulcers and it 1s ciyall of remov 
ing exuberant granulations (proud flesh), which sometimes retard 
the healing of wounds 

Mercury 1s largely used externally to promote the atsorption of 
inflammatory products, especiilly in the neighbourhood of joints 
Lhe blue omtment 1s trequcntly employed for this ; uy ose, more 
rarely a plaster contiuming mctcury or a mercurial liniment For 
effecting the absorption of goitie (Derbyshire neck) the omtment 
of the 1¢ 110 lide 1s often relied on, especially m India where it 1s 
custom il} to c\pose the paitient s nech to the sun after 1ubbing it 
with the ointment In enlargements of the liver and spleen the 
application of meicuiiil omtment sometimes seems to j1omote 1¢ 
duction in size 

‘Loken internally in continued doses nercury 310 1uces a peculiar 
effect known as salivation First a metallic taste 1s expeniet ced 
this 1s followed by soreness of the gums, an undue flow of saliva 
and foto: of the breath Further administration of the drug may 
mcrease greatly the salivary flow, and also lead to swelling of the 
tongue, ulceration of the mouth, and even distase of the Jaw bone 
At the same time the blood becomcs im overished, and fev ciishness 
with loss of flesh occurs A single large dose—1aiely too a single 
small dose—muy produce some of the above symptoms ‘They may 
also follow the mhalation of the metal o1 1ts compounds, or then 
absorption through the skin Ihe long continued mbalation otf 
the va our of mercmy acts likewise on the nervous system caus 
ing a peculiar hind of trembling Mercurial tremor 1s sometimes 
seen 1n lookmg glass mikers often in th se who work am quick 
silver mines 

Inteinally mercury is chicfly given for two purposcs—(1) to 
check inflammation ind cause the absorption of the j10ducts it 
givgs 11se to and (2) to antagonize the syphilitic virus and remove 
the evils it causes Some jeats ago the belief in the power of 
mercury to c®ntiol inflammation was almost universa}] ind it was 
largely administered 1n a] nost all inflammatory affections but of 
late 1t has been much iiss used both because it seems doubtful 
whether it has really the power it was once supposed to have an 


because of the possibility of evil results fiom its contimucd use | 


In pentonitis and initis it 1s still often employed small doses of 
calomel t ing given Not unfrequently too it 1s admunistercd in 
pericaiditis aud hepatitis, but im pneumonn jun and most 
other inflimmatoiy affections its use is now discuded by many 
physicians Asan intidote to the syphilitic 3 o1son it 1» still held 
in high es vem, though opimions vary much as to the cxtent of its 
power Lhe: can be little doubt that given in an early stage of 
the disot ler, 16 minimizes the secondary symptoms but it cannot 
be reliel n to picvent theo wren It aids im icmosing the 
seconluy symptoms md tends to the iorlmce of tutiy 
guanitustitions wkih nevertheless sometimes occur even when 
mutcury his been fieely given The custcm of grin, macy 
tall y1rofuse sal ition 1s established has Icng leen ilandoned, 
the um now 1s so to give it 1s to pievent salivition oc uning for 
this purpose blue yul, calomel and corrosive sublimati ate given 
in vel) small doses tut if the gums become tender the dose 1s 
de reise 1 or the aimimistiation stopped 

Mar unial tic tment ts scine times carued out by rubl ing the blue 
ointment mto the skim som times by exposing the } :tient to the 
fumes ot calomel , syphilitic eruptions are often trewti 1 1y such 
fumijation More rarely mucury is introduced by injec ting the 
albuinin ate o1 some oth 1 picpitation under the shin o1 ly means of 
suppositories In children grey powder is gencrally use 1 when mer 
cuit treitment ys requicd = Children bear mercury well 

Blue pill, calomel, and zicy jy owder vie oft n used as prrgatives, 
and a power of promoting the & rtion of bile 1s attributed to 
them I pcerimentally it has not teen yr ved that they stimu 
late the hvcr functions but there 1s good 1e1son for Leluving that 
they ,:0mote the expulsion of bile from the body — Gicy powder 18 
esyccrilly valucd as. nuld ind effiacnt werent for childien and 
1s oftcn given in the caily stage of diarrhaa to expel the initating 
cont nts of the bowcl 

Phe usc of cuomel in tropical dysentery, once very prevalent has 
within thc last few years buen abandoned (DJL) 


“MERGANSER, a word onginating with Gesner (//ist 
Anmglum, m p 129) in 1555, and for a long while used 
in English as the general name for a group of fish eating 
Ducks possessing great diving powers, and forming the 
genus Mergus of Linnaus, now regarded by ormthologists 
as @ Subfamily, Yergine, of the Family Anatulz The 
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Mergansers have a long, narrow bill, with a smull but 
cvident hook at the tip, and the edges of both man 
dibles beset by numerous horny denticulations, whence in 
Lnghsh the name of “Saw bill 15 frequently applied to 
them Otherwise their structure docs not much depart 
from the Anatine or bulisuline type All the species bear 
a more or less developed crest or tutt on the head Three 
of them, Mergus meng inser or castor, Uo serrator, and M 
albellus, are found ovcr the northern parts of the Old 
World, and of these the first two also mhabit North 
America, which has besides a fourth species, Jf cucull stus, 
said to have occasionally visited Bntamn Jf meng enser, 
commonly known as the Goosander, 1s the larest species, 
being nearly as big as the smaller Geese, and the adult 
male 1n breeding attire 13a very beautiful bird conspicuous 
with his dark glossy green head, uch salmon coloured 
breast, and the upper part of the body and wings black 
and white ‘This full plumage i not assumed till the 
second year, and in the meantime, as well as in the post 
nuptial dress, the male much resembles the female having, 
like her, a reddish brown head, the upper parts greyish 
brown, and the lower dull white In this condition the bird 
is often known as the “Dun Diver’ ‘This species breeds 
abundantly in many parts of Scandmavia, Rusma, Siberia, 
and North Ameiica, and of late years has been found to do 
so in Scotland, usually making its nest in the stump of a 
hollow trec or unde a slab of rock Jf serrator, com 
monly called the Red breasted Wer anser 1s a somewhat 
smaller bird , and, while the fully dressed male wants the 
dehcate hue of the lower parts, he has a goryct of rufous 
mottled with Tlack, below which i a yatch ot white 
feathers, troadly edged with black The male at other 
times and the female alway» much resem! le the } receding 
Itis more numcrous than the Goosander, with a somewhat 
more southein range, and 1s not so particular in selecting 
a sheltered site foi it. nest Both these speci. have the 
Lill and feet of a brizht 1eddish orange, while Jf albellus, 
known as the Smew, has these parts of a leid colour, and 
the breeding plumage of the adult maleis white with quaint 
crescentic markings of black, and the flank» most beauti 
fully vermiculated—the female and male in undress having 
a general resemblance to the other two already described 
—but the Smew is very much smaller in «1ze, and, so far 
as is known, it invariably makes its nest in a hollow tree, 
as ascertained first by Wolley (Zbu, 1859, pp 69 et req) 
This last habit i> shared by Jf curullutu.s the Hooded 
Merganser of North America, in size termediate between 


| Wf albellus and Mi erat 1, the male of which w early 


recognizable by his bioad semicircular crest, bearing a fan 
shaped patch of white, and his elongated stibaj ulars of 
white edged with black The conformation ot the trachea 
inthe male of Jf meryanser, Mo serrator, and Uo wullatus 
1s very like that of the Ducks of the genus ¢ fun yuda, but 
MW albelluy has a lew» exaggerated development more 
resembling that ot the ordinary Fudtyula} From the 
southern hemisphere two species of Vergus have been 
described, Af octosetaceus or brasilianus, Vielot (LY Dut 
d Hust Natwille, ed 2, x0 p 222) Gi ds Orvaur, 
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Hybrids between as is yresume? Woadeld mi ( iewa 
Haucwn, the common Golden eve Lave ben le mle i ani hgured 
(HKimbech, /szs, 1931, 060 tab m= Brehm Vitio7 J aiet bog 
Deutschlands, p 930 Niuminn J 7 Dee chlini wi yy 194 
frontispiece Kyjarbolling Jur yu Orn tholyie 18 3 Latriheft, 
_ 29, Naumannia 1850 } 327, Ormithe Dun a ti lv suzy] 
tab 29) under the nimes of Wer pus anidinas Clin nda mi nastueslrts 
and Anas (Clangula) merg udce ay though they were a distinct species 
but the remarks of Mode Selyy Longchamyps (Aull 40 oN Bruelles 
1845 }t » p 354 and1850 pt np 21) lease little rom for aoubt 
as to thei orin which, when the c1yjtogami hitit ant common 
range of then putative pirents, the tormerunkn wr tothe author last 
named, 1s considered, will seem to be stall more hhely 
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tom u p 209, pl 283), mhabiting South America, of | 


which but few specimens have been obtamed, having some 
general resemblance to Wf serrator, but much more darkly 
coloured, and W australis, Hombion and Jacquemont 
(Ann Sc Nat Zoology, ser 2, xvi p 320, Voy au Pol 
Sud, Ore tur, pl 31, fig 2), as yet known only by the unique 
example im the Paris Museum procured by the French 
Antarctic expedition im the Auckland Islands This last 
species imy perhaps be found to visit \cw Zerland, and 
should cutamly be looked for therc 

Oftcn assouated with the Mer iscis is the genus 
Veg inetta, the so-called Torrent Ducks of South America, 
cf which three species are sud to cast, but they possess 
spiny tails and have thur wmgs umed with a spur 
Whcther they should be 1cferred to the Ver ne or the 
Lrivn tturime—the Spiny tailed Ducks proper—is a ques 
tion that further investization must decide (ar) 

ME RGU I, 2 district of British Lurmah, between 9 59d 
and13 24 \ lat It forms the southcinmost district of the 
Icnasserim division, and 15 bounded cn the \ by Tavoy, 
T and S Ly Siam and W by the Jay of Bengal, with 
an aca of 7810 square mics = Two  rncipal ranges c10ss 
Meru fiom north to south, ruuning almost puallel to 
each otha far aconsiderable distance with the Tenasyerim 
river winding Ictween them till 1t turns south and flows 
thioush 1 narrow rocky gorge in the westernmost range 
to the si Amongst these mountain ranges and their 
subsidiary spurs are several fertile plas, densely clothed 
with luxuriant vezetation Indeed, the whole district, from 
the waters cdge to the loftiest mountain on the eastern 
boundary, may be regarded as almost unbroken forest, only 
73 square miles bemg under cultivation The timbcr tiees 
found tcwiuds the mtcrior, and on the hizher elevations, 
arc of ,1cat size and beauty, the most valuable being teak, 
then gm (IL pea odorat) | cqnyeng (Dapterocar pus tube 
culitu) dc The cowt line of th distiict, studded with 
an archipelizo of two hundred and seven islands, 19 much 
broken, and for several miles mind 19 very little raised 
above sca level, and 1s dramed |y numerous muddy tidal 
aechs Southwards ot Vergu town it consists chiefly of 
Jow mangrove swamps alternating with small fertile rice 
jlams = After passing the mangrove limits, the ground to 
the cist gridually rises till it becomes mountainous, even 
to the banks of the mvers, and finally culminates in the 
arand natural barra dividing British Burmah from Assam 
Lhe four umeyal rivers are the LTenasserrm, Le gnya 
Pakchan and Palouk, the first thice bemg navigable for a 
consider il le distance of them course Coal 1s found in the 
district on the banks of the Tenassciim and its tributaries 
Gold copper, iron, and manganese are also found im various 
parts of the district 

From the nota ¢s of ewly travellers it "My eus that Wergm when 
un le Siamese rule Lefore itp soe lt the }urmese we an hand 
dens ly people) country On its cc upatin ty the Juitisl im 
1624 20 it Wwe frunl to be admoot dey pult I—the result of 
border wufu wd of the cruelticy cvareised Ty th Tumiese ¢ 1 
quuiois At that time the entire inbil itants only nun} red 10 000 
wn 187t th y hal incicwel to vl $46 (20 767 nil s ar 2007) 
females) Cli sifitl + ilingt religicn thie wa —buldiaists 
48 750 Mohammedins 200, Hinlus 3u Chir trans at lothers 
210 ©The district contuns only one town (Mazur) with more than 
5000 inhabitunts = Only 7° synire miles of the distri t arerw te 
un ler cultis tion in 18/6 lit this arca 1s stevhly th ugh sl wh 
incieising — The yrimcipil manufactures are sugur | oli, ani tn 
smelting Mcergui carrus cna flourishing trale with Lan, cn 
Busein anl the Straits Settlements The chief exports consist 
of rice mtans torches dil fish arcca nuts scsimum se Is, 
rn lasses sea slugs edibletiuis ne s and tin The stay le mycits 
are piecc g)0 1s, tobacco cotton, eaithtuware ter and sugar = Lh 
ymperlal revenue m 1876 amount d to £18208 The chimat 1 
~“emark wis healthy, the heat due to its tropical situation bung 
moderate | by land anu sea bieczes The rainful in 1876 amount d 
to 1653 inches The prevalent diseases uc simple and remittent 
{ vers, bionchitis, rheumatism, and small pox 


MER—MER 


Mezreut, chief town of the above district, 1s situated 
on an island at the mouth of the Tenasserrm mver The 
population (10,731 mm 1876-77) consists of many races— 
Talaings, Burmese, Malays, Bengalis, Madrasis, Siamese, 
and Chinese Considerable trade 1s carned on with other 
Burmese ports and the Straits Settlements The harbour 
admuts vessels drawing 18 feet of water 

MERIDA, a city of 7390 mhabitants (1877), in the 
province of Badajoz, Spain, hes about 36 mules by rai 
castward from Badajoz, on the Madrid and Badajoz hne, 
on a small emmence on the nght bank of the Guadiana 
It 1» connected by a branch hne of rail with Llerena on 
the south-east The population 1 mostly agnecultural 
The city owes 1ts mterest entirely to 1ts Roman remains, 
which are numerous and extensive Of these one of the 
most important 1s the bridge of 81 arches of granite, erected 
by Trajan , 1t 1s 2575 feet long, 26 feet broad, and 33 feet 
above the bed of the river, 1 was unfortunately seriously 
injured during the siege of Badajoz m 1812 Of the 
colossal wall that formerly suriounded the town all that 
1emains 1s a fine fragment, built of dressed stone, on the 
spot formerly occupied by the castellum, and where the 
provisor of the order of Santiago afterwards had his 
residence (El Conventual) In the town are some telics of 
temples of Diana, Mars, Fortuna, Jupiter, and others, and 
the Arco de Santiago, 44 feet high, also dates from Trajan s 
time, 1t has unfortunately been stripped of 1ts marble 
casing Of the aqueduct from the laguna of Albuera 
thirty seven enormous piers are still standing, with ten 
arches in three tiers built of biick and granite To the 
east of the city 1s the circus, measuring some 1356 by 335 
feet, the ught 1ows of seats still remain Further east 
ward 1s the almost perfect theatre, and near 1t are the 
remains of the amphitheatre, or, as some prefer to call 1t, 


naumachia (Bano de los Romanos) 

Augusta Emerita was built in 25 B¢ by the ements of the fifth 
and tenth lemions who had served im the Cantabrian wa under 
Augustus It rose t> gieit splendow and importance as the capital 
of Lusitania During the Gothic perio] it bec une an episcopal see 
and severe] yrovinei counvils known to history were held there 
It was taken by Musa in 711, and recon jucicd by Alphonso in 1228 


MERIDA, the cayital of the Mexican state of Yucatan, 
stands in a grcat plain in the north of the peninsula, on a 
surface of limestone rock, about 25 miles from the port of 
Progreso on the Gulf of Mexico, with which it is connected 
by a railway opened in 1880 It 1s a well built city, with 
broad streets and squares , and theflat roefcd stone houses, 
after the style introduced by the Spaniards, give a Moomsh 
colour to the general view Besides the cathedral, an 1m 
posing edifice of the 16th century, the bishop» palace, and 
the Government house (all of which are situated in the prin 
cipal square), the most notable building 15 the Franciscan 
monastery (1547-1600), which once harboured within its 
high and turreted walls no fewer than two thousand friars, 
but has been allowed to fall into complete decay since 
their expulsion in 1620 For a long time Merida has had 
the reputation of being one of the principal seats of culture 
i Mexico, and it possesses, besides the ecclesiastical 
seminary schools of law, medicine, and pharmacy, a literary 
institute, a public hbrary, a theatre, and a considerable 
number of periodical publications Commercially it has 
shared in the prospuity which Yucatan in recent years owes 
to the development of the Sisal hemp trade, and its manu 
factures embrace cotton goods, cigars, Sugar, and rum The, 
population, estimated about 1840 as 25,000, was found 
in 1671 to number 33,023 The Mayas still form numen 
cally the strongest element Previous to the Spdfiith 
conquest the site of Merida was occupied by the. Maya 
town of Tehoo, which contained so great a number of 
artificial stone mounds that the new comers had abundant 


| material for all their buildings The foundation of the 
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city dates from 1542, and it was made a bishopric in 
1561 Compare Stephens Yucatan 

MERIDEN, a city of the Umted States, mn New Haven 
county, Connecticut, 15 miles from New Haven by rail 
It 1s a busy manufacturmg town the population has 
increased from 3559 in 1850 to 7426, 10,495, and 18 340 
m 1860, 1870 and 1880 The Britannia Company alone 
employs upwards of 1000 hands, and sends out every year 
nearly $3,000,000 worth of Britannia metal and electro- 
plated goods, and tin ware, cutlery, brass work flint glass, 
guns and woollen goods are also manufactured in the town 
The State reform school had 307 mmates in 1880 A 
fortified tavern erected by Belcher in 1660 on the road 
between Boston and New Haven was the nucleus of 
Meriden , but the place was not incorporated as a town till 
1866, and became a city in 1867 

»MERIMEE, Prosper (1803-1670) novelist archzo 
logist, essayist, and in all these capacities one of the 
greatest masters of Irench styla during the century was 
torn at Pans on September 26 1803 and died at Cannes 
on the 23d of the sime month sixty seven years later, 
having lived just long enough to know that ruin was 
threatening 'rance Not many details have been | wblished 
in reference to his fannly but his father secms to have 
been a man of position and competence Mérimée had 
Fnglish blood in his veins on the mothers side and was 
always considered at least in France to look and behave 
more hke an Lyglishman thin a7 Fienchman He was 
educated for the bar, but entered the public service insterd 
A young man at the time of the romantic movement he 
felt its mfluence strongly though his } eculiar tempera 
ment prevented him from joing any of the c teries of the 
period This temperament was mdecd exlbited by the 
very form and nature of the works in which he showed 
the mfluere of romanticism ‘othmg was more } rominent 
among the romantics than the fancy as Mé:mée himself 
puts it, for local cclour the morc unfamiliar the better 
Mérimce exhibited this man unusual way In 12> he 
published what purported to be the dramatic works of a 
Spanish lady, Clara Gazul with a preface stating circumstan 
tially how the suj posed translator one Jose) h L Fstrange 
had met the gifted poctess at Gibraltar This ws followed 
by a ctill more audacious and still moe successful 
eupercherre In 1827 peared a small look entitled La 
Guzla (the anagram of Gazul) and giving itself out 
as translated from the [lly11an cf a ccrtan Ifyacinthe 
: Maglanovich This Book which bis greater formal merit 
than Clua Ga ul is sad to have taken in Sir John Bow 
ring, a competent Sliv scholar, the Rus ian } xet Poushkin 
and some German authorities although not only had it no 
original but as Merimée declares a tew words of Ulyrnan 
and a book or two of travels and topogiay hy were the 
author s only materials In the next yeu a} cated a short 
dramatic romance Ze Jtejuerte, n which all Mernmees 
characteristics ue visible—his extraordinary ficulty of 
local and historical cclour, his command of lan juage his 
grim irony and a certan predilection for tranc and terrible 
subjects which was one of his numeicus points of contact 
with the men of the cnaissance This im its turn was 
followed by 1 still better piece, the Chr niyned Chul 
IX, which stands towards the 16th century much as the 
Jacquerie does towards the Middle Ages All these works 
were to a certain extent second hand beinz cithe: directl; 
imitated o1 prompted by a course of reading on 4] articular 
subject but thry exhibited all the future hterary qualities 
of the author save the two chiefest his wonderfully severe 
and almost classical style and his ¢ yally classical solidity 
andsstatuesqueness of construction or the latter there 
was not much opportunity in their subjects, and the former 
required a certam maturmty and <cclf discipline which 


37 


Mérimce had not yet given to himself These were, 
however, displayed fully in the famous Corsican story of 
Colomba, published in the momentous year 1430 This, 
all things considered 1s perhaps Mérimée s best tale 

He had already obtained a considerable position in 
the civil service and after the revclution of July he was 
chef de cabinet to two diffcrent ministers He was then 
appointed to the more congenial yost of inspector of 
historical monuments Wérimée wis a born archeologist, 
combining linguistic faculty of a very unusual kind with 
the accurate scholarship which does not always accompany 
it, with remarkable historical appreciation and with a sincere 
love for the arts of design and construction im the former 
of which he had some jractical shill In his official 
capacity he published numerous repcrts some of which 
with other similar pieces have been rej ublished in his 
works He also devoted himself to histery proj er durin, 
the latter years of the July monarchy, and published 
numerous essays and works of no great length, chiefly on 
Spanish Russian and anuent Roman history He did 
not, however neglect novel writing during this period, and 
numerous short tales almost without exception master 
pieces aj peared chiefly inthe Reruede Pins He travelled 
a good deal both fer his own amusement and on official 
errands and in one of his journeys to Spain about the 
middle of Louis Phil pes reign, he made an acqua ntance 
destined to mfluence his future life not a littl—that of 
Madame de Montyo mother of the future empress Eugenie 
Mermmee though in manner and language the most 
cynical of men wa a dcvcted friend, and shortly t cfore the 
accession of Nayoleon IIT he had occa ion to show thi 
His friend Iibri was accu ed of having stolen valuable 
manuser} ts and Fooks from French htraries and VMerimee 
took lus part so warmly that he ws actually entenced 
to and underwent fine and imprisonment He had been 
elected of the Academy in 144 and also of the Academy 
of Inscriptions of which he was a yromimeut memler 
Letwecn 1640 and 1600 he wrote more tales the chief 
of which were A? ene G all t and C arren 

The empue made a ccnsiderable difference in Merimee 5 
hfe He was not a very ardent yolitican }ut all his 
sympathies were a.aimst democracy, and he had therefore 
no reason to object to the Bonapartist rule ex; euially as 
hi habitual cymasm and his irrelijious ] rejudices 
made legitimism di tasteful to him But the marnage 
ot Najoleon III with the daughter ot Madame de 
Montijo at once enlisted what was always the stroniest of 
Merimées sympathiesx—the sympathy of personal triend 
ship—on the emycrors side He was madea «nater and 
continued to excicl « bis archvologieal functicns Lut bis 
most important role was that of 4 constant and valued 
private friend «cf kcth the ‘master and mastic s of the 
house 5 he call the emjeror and emjres in hi ietrers 
He was occasicnally charred with a kind ot urezular 
diplomacy and ome im the matter of the cmyerors 
Casar, he had to yay the penalty ficquentl) exacted trom 
great men of letters ly them yoltnal or soul uy eriors 
who are ambitious cf literary reputition but tr the 
most part he wis strictly the am de ila mu ca \t 
the Tulleres at Compriie iv Tinmitz he wi et on 
stant thouch not alwivs a very wilm. wu t and his 
influence over the empress Was vers consider tie and was 
fearlessly exerted thon hhe ucd t calllnmslf im mnt 
tion of Scarron Je Loutfen de sa mayeste = His o cua 
tions durin, the last twenty vears cf os life were numerc us 
ind important thouch iather nonde crypt He tetnd, 
however time fai not 2 few more tals of which mere will 
le sud presently and tor two correspondences which are 
not the least of his htcrary achievements while they have 
an extraordinary interest of matter Onze of the ¢ consists 
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of the letters which have been published as Lettres a une 
Inconnue, the other of the letters addressed to Sir Antonio 
Panizzi, the late lbranan of the British Museum Various, 
though idle and rathcr impertinent, conjectures have been 
made as to the identity of the smconnue just mentioned 
It 1s sufficient to say that the acquamtance catendcd over 
many ycars, that it partook at one timc of the character 
of love, at another of that of simple fiendup, and that 
Morimée 15 cxbibited under the most surprismely diverse 
hghts, most of them more o1 less amiable, and all mterest 
ing ‘The correspondence with Pinizzi his somewhat less 
porsonil mterest Mérimec made the acquaintance origin 
ally by a suggestion that his correspondent should buy for 
the Muscum some MSS which were m the possession of 
Stendhal s sister, and for some seus it was chiefly confined 
to correspondcnes But Mdsamec often visited England, 
Where he had many friends (amon, whom the late Mr 
I thee of Glongairy was the chicf) wd certain similarities 
ot taste dicw him closer to Panizzi pusonally, while during 
patt of the cmpue the two served as the channel for a 
hind of unofhcial diplomacy between the emperor and 
eatun Puelshstitesmen ‘These Icttas ae full of shrewd 
apo us cn the stite of Luro} ce at different times Both 
sues abcund im gossip, m anusing ancedotes, mn sharp 
htcrary criticism while both contain evidences of a cynical 
and Tal lustan or Swiftian humout which was very strong 
mn Maumee Thischaractensticas sud to be so prominent 
Ina caespondenec with another frinnd which now hes in 
the hliay it Aviznon, that there 1s] ut httle chance of its 
ever lume printed A fourth collection of Ictters, of much 
inferior extent and interest, has been yimtcd by MW Blaze 
ee Bury under the title of Lettres a un autre In onnue 
In the littur years of his life Merimec suffued vay much 
from ill health Tt was necessary tor him to pass all his 
winters it Cannes where his constant companions were two 
aged Tnalish lidis friend of his mother The terrible 
year fonnd lim completely broken in health, and antierpating 
the worst for France = He lived Jong enough to see his fears 
revhized and to expicss las sicf in some last letters, and 
he dicd on September 23, 1870 

Manne 5 chira ta (wht h das ton unwanimetall sian lered 
by thes te whom yohta al hffion on Ins sucasti mtolerance 
of ys miitaitme mid tim tn vous wasap ula andin 
some y t anunt itunite cnc but ly uo mes unintellinble, 
anlypalapsin vinmordenre not un numon — Lartly Ly tempera 
ment jy utly itis sad owns ty 6 me dnldish experience, when he 
discovQiel thath hillcen duped inl d termimet never to le so 
yan, n t erst owing to th cxinyl cf bevle who was 4 friend 
of Ins fumly anu of whom he saw mu hh VMormee ay pears at 4 
comy uttively carly aze to have unyosed uy n]im cif isa duty the 
Miuntenin ¢ cf an attitule of 5 ey t1 ul im laff rence ant sarcastic 
criticism =H co atunly su celled  Althouh as his been sud, a 
man of singulauly warm wd affectionrte f clin, he ot tamed the 
credit of Linz i cold heutel cyme ml ath ugh h wos both 
independent inl dismtaested, he wis Ut te 1 hinge: cn and 
toad cater of the impaui cout 1 hu yutati ns war wholly 
undeserve 1 inl inde 1 were prompted t i preat ext nt ty the 
resentment f It by his hteruycyuius on leotha sl it thec 1 
ridicule with which he met them = Tut ]¢ d serv 1 an some of the 
bad as wcll as many of the good senses of the tam the y hnasc which 
we have 1} hed to him of a main cf tle Renussince He lal the 
warm} Utisushy and imaliity t wards frends aul the 6 erpicn 
hke sting for his focs, he had the adent ddatt m learn, and 
especially in mitters of ait anddclies lettres ho Uthe septic im 
the voluptuousncss the uicus Idight in the contemy ition of the 
horuble, which muhkel the men cf] ttas cf the Dun umst yoo] 
Like them hc wasa mim of the worll and im 1 whe witheut any 
bascness hhed a kings palace bett r than a plus phers hey 1 
Like them] had in wcute judgn nut im mittens cf busines an lithe 
them a sing ilar onsciousness of the nothimgue softhin.s 11. nhis 
literary work has this Renaissimce churicter It as tolarally cx 
tensive mounting to some seventeen or ci htcen volumes but its 
bulh 1s not great for a life which vas not short and whi h wis 
occupied at least nominally in hittle clse = Aout a thud of atc n 
sists of the Icttcrs alicady micntioned, which will always be to 
those who dehght 1m personal literature the most atti itive pitt, 
att whit, though ma fragmentuy fishion arc really imyort nt 
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as thiowingsidt lights on history Rather more than another third 
consists of the ofhcial work which has been already alluded to— 
rey orts, cssavs, short historic1l sketches, the chief of which latter 18 
a history of Pedro the Cruel, and another of the curious pretender 
hnown in hussian story 18 the false Demetrius Some of the 
liter uy essays, such as those on Bey], on Turguenief, &c , where 
a personal elcment enters, are excellent Against others and sga.nst 
the Jarger historical shetches—adnurable as they are—M Jaines 
critiism that they want life has some force ‘They are, however, 
all marked by Werimec s admirable style, by his sou: d and accurate 
scholirship, his strong mtellectual grasp of whatever he handled, 
his cool unprcjudiced views, his marvellous faculty of designing and 
proportioning the treatment of his wok It 1s however, in the 
remaining thud of his work, consisting cntirely of tales either in 
nurative ol in diamatic form, and es} ecially in the former, that his 
tull powcr 1s percerved He translated a certain number of things 
(cluefly fiom the Russiin), but his fame does not rest on these, on 
his already mentioned youthful supercheries, or on his late: sem1 
diimatic works There remun about a scoie of tales extending in 
point of composition over cxitly forty ycats, and in length fiom 
that of Colomla the longest, which fills vbout one hundied ind fifty 
Piges, to that of L Enlevement dela Red ute, which fills just half 
a dozen ‘They aie unquestionably the best things of thar kind 
written durinz the centmy,ehe only nouvelles that can challenge 
compinson with them being the v«1y best of Gautier, snd one or 
two of Bilzie =The motives are sufficacntly different In Colomba 
and Vateo Falco w, the Corsican joint of honow: 1s diawn on in 
Carmen (wiitten aparently after 1eading Botiow » S}anish books), 
the gipsy charuter, 1n La Venus d Ille aud Lokhis (two of the 
finest of ul) certaim guslv superstitions, in the forme: case that 
known in i milder form w the ring given to Venus, in the latter 1 
vanity of the were wolf fancy Arsene Guellot is 1 singula satire 
full of sarcastic pathos on popular morility and relinon, La 
Chambre biewe, an 18th century conte worthy of Crebillon for 
gia and wit and supetio: to him in delicacy ZA Capture of the 
A doubt just mentioned 1s 1 yertect prece of desu tion ZL Abbé 
Arbainis 1,un satincal La Doubl Veprise \the wthoiship ot 
which was objectcl to Metramee when he wis cleeted of the 
Acidemy) 1s an excercise in analysis strongly unyiesnated with 
the spnit cf Stendhal, but better written than inytling of that 
writers ‘hese stones, with his letters, issue Mezimee s ] lace in 
literature at the very heal ct the French prose wuters of the century 
He hai undcittkhen a cdition of Biintome tor the k Ll theque 
Elvevincune bit it was never comy leted 

Merimee’s works have only Leen gradually pullished since his 
deith The latest, The Lette st) fart 2, which hive also ap 
peuel im Enghsh Leirs date 1881 There ys ig yet no uniform 
or handson« edition but almost everything is obtundble in the 
collections of MM Charpentier and Calininn Levy (G@ SA) 
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MLRIONETH (Welsh sMerrronydd), a maritime county 
of North Wales, 1s bounded N by Carnarvon and Denbigh, 
SE by Denlish and Montgomery, and W by Cardigan 
Bay It 1s triangular im shape, its greatest Iength north 
east to south west being 45 miles, and its greatest breadth 
north west to south east about 30miles Theareais 305,291 
acres, orabout 600 square miles Next to Carnarvon, Meri 
oneth 15 the most mountainous count} in Wales If the 
scenery 15 less bold and striking than that of Carnarvon, 
it excels it in richness, variety, and picturesyue beauty 
Its lofty mountains are intcrpenetrated by dark deep dells 
or smiling vales The outlines of ity rugicd crags are 
softened and adorned by rich fohage The sca views ate 
frequently fine, and rivers, lakes, and witerfall, add a 
romanti charm to the valleys The highest summits in 
the county are the picturesque Cader Idris (which divides 
into three peaks,—one, Pen y Gadar, having an altitude of 
2914 fect) Aran Fawddwy (2955), Areniy fawr (2518), 
Moel wyn (2566), Rhobell fawr (2360) The finest valleys 
are those of Dyfi, Dysym1, Talyllyn, Mawddach, and 1] esti 
mog The river Dyfrdwy or Dec rises 10 mies north west 
of Bala, and, after passing through Bala Lake, flows north 
cast by Corwen to Denbighshire The Dyfi rises im a small 
lake near Aran Fawddwy, and cxpands into an estuary 
of Cardigan Bay ‘The Mawddach or Maw, from thi 
noith of Aran Fawddwy, has a course of 12 miles soutif 
west, during which it 1s jomed by scvcral other streams 
The Dwyryd and other streams unite m forming the 
estuary of Traeth Bach The finest waterfalls are the 
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Rhaiadr y Glyn near Corwen, Rhaiadr Du, and Pistyll 
Cam, the latter 150 fect high The lakes are very 
numerous, but small, the largest bemg Bala Lake, or Pim 
blemere (n Welsh, Llyn Tegid, fair lake), 4 miles Jong by 
1 broad, and Liyn Mwyngil (Jake in a sweet nook) in the 
vale of Talyllyn Both are much frequented by anglers 
On account of frequent indentations the coast line 1s about 
100 miles long Sandy beaches intervene between the 
rocky shores Frequent shoals and sandbanks render 
navigation very dangerous There are only two harbours 
of importance, Barmouth and Aberdovey 

A mountain tract of the county 15 miles from north to 
south by 10 from east to west, stretchig from the coast 
inland, 1s of the Cambrian age, composed of grits, quartzose, 
and slates, and comprising the Merionethshire anticlinal 
This tract 1s enclosed on the north, east, and south by the 
Nenevian, Lingula, Tremadoc, and Arenig beds, which are 
pierced by numervus dykes and intrusive masses, mostly 
greenstone Rhobell fawr is owe of the greatest igneous 
masses m the whole area of the Lingulabeds The Arcniy 
beds are inteistratified with and overlaid by accumulations 
of volcanic ashes, felspathic traps, or lava flows, which 
form the rugged heights of Cader Idris, the Arans, the 
Arenigs, Manod, and Moel wyn, and these are in turn 
overlaid by the Llandeilo and Bala beds, the latter includ 
ing the Bala limestone Extensive slate quarries are 
worked near Festimiog, mostly underground, in strata of 
the Llandeilo age, giving employment to about 4000 men 
Gold, lead, copper, and manganese have been obtained in 
various places 


Clumate and 1g wulture —The climate vanes much with the 
elevation, in some }lices being bletk an! cold, and m othus re 
piarkabl} equalle and gemal At Aber lovey it 1s yroverlially 
mild, and the myrtle grows in the open 11 1 attempts to int: 
duce frai® have proved abortive in most parts of the county The 
soil 18 gencrally thin and poor, with fertile tracts in the valkys 
A great portion of the moss has been reclaimed within late ycars 

According to the agricultural returns for 1882, therc were 154 406 
acres, or co siderably less than half the total ares, under cultiv 
tion Of this 1s much 18 119,188 acres were permanent pisturc, 
and 18,755 under 1otation giasses Of the 17,312 acres undei coin 
crops, 11,232 were under oats and 4807 unde: burley Potatoes 
occupied 2392 acies, 2nd turnips only 1496 acres The ater under 
woods extended to 15,049 acres 

[he total numler of horses in 1882 was 6088 A breed of 
portes 18 peculiar to this county and Montgomeryshire The 
reaung of honed cattle and dairy farming are largely cutied on, 
but the number of cattle (387,643) 1s considerably under the 2 erage 
of Wales generally On the other hind the numlei of sheep m 
1882 was 400 553, a Inrger number than mm any other county of 
Wales, wid much beyond the gencial average in the prinupility 
They ate 4 small hardy breed, which giow heavy fleeces Goats 
frequent the loftier crigs 

According to the latest return the number of pro} 1ietois was 1095, 
possessing 303 374 acres, with a gross annual value of £183,203 9 Of 
the owners 1044, 01 62 per cent, possessed less thin 1 acre the 


average extent of the moperties being 18% acres, ind th average — 
There were ten proprietors who | 


value per xcre 2 littl over 12s 

ssessed over 5000 icies, 7, Sn WOW Wynn, 20,295 Lh JT L 

roe 17718 T P Lloyd 16,975, Mrs Kirkby, 13 410, Hon 
C H. Wynn, 10504 A J G Corbet, 9847, Sir L Buckley, 
8738, W 1 Oakeley, 6018, W O Gore, 5497, ind R M 
Rickards, 5701 

Manufactures —Woollen govus are manufactured in sanious 
pee especially at Dolselly They are principally coarse diugacts, 

erseymeres, ind flannels The knitting of stockings was 2 great 
mlustry at the close of last century, the value of the siles at Bila 
bung estimated at from £17,000 to £19,000 annually 

Railways —The Cunbiian Ralwav shirts the caist from Port 
madoc to Aberdovey At Barmouth Junction a brinch of the same 
crosses to Dolgclly, where it 19 joined by a branch of the Gr it 
Western Rulway Another branch of the Groat Western unites 
Bala and kestimiog, and the latter place has railway connexion both 
avi ith Llandudno Junction and with Portmadoc 

Admunstration and Population —Munionethshire comprises fiv« 
hupdreds and thirty thiee civil prmshes It has one court of quite 
sessions, and the number of petty sessional divisions sax Feclesi- 
astically it 18 partly in the diocese of Bangor, partly in that of St 
Asaph * The county returns one member to parlament There i 
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no municipal or parhamentary borough The towns returned m 
1881 as uiban sanitary districts are Bala (1653), Barmouth (1512 , 
Dolgelly (2457), Festimog (11,272), and Towyn (8863) Since 
1801 the population has neatly doubled k1om 29,506 in that year 
it had incrcased 1n 1851 to 38,968, in 1871 to 46 598 and in 1881 
to 54,793, of whom 27,576 were malcs, and 27,217 females 

History and Antiques —Ongimally Menoneth belonged to the 
territory of the Ordovi es, and unde: the Romans it was included 
in Britannia Secunda [here are mai y Ccltic, Loman, and medi 
gevalremams Caer Drewyn on the Dec, near Corwen, was a British 
camp ‘Lhcre are numerous cromlechs m \ wious parts of the county 
especially near the ser coast The Viw Ocerlentalis of the Romans 
pissed through Merioneth from south to north, and at Tomen- 
y Mur was joined by a branch of the South Watling Street, the 
Castell Tomen y Mur bung supposed to be identi al with the 
Roman station of Herir: Mons = ‘The immense ruin of Castel y- 
Bere was originally one of the lirgest castles in Walts tut has not 
becn occupied since the time of LKiward I] = Duting the Wars of the 
Roses the castle of Harlech, still a fime rum, was hell by the 
Lancastnians, and wis the last in Wales to surrender Of ecele an 
astical remains the most important1s Cymmer Abbey, foundel by the 
Cisteic1ins 1n 1198, a very fine ruin contaming architecture of 
vatious } erlods from Norman to Perpendicular There ate numer- 
ous interesting old churches 
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MERMAIDS anp MERWMEN, im the popular mythology 
of England and Scotland, are a class of beings more or less 
completely akin to man, who have their dwelling in the >ea, 
but are capable of hvmg on land and otf entering into social 
relations with men and women! They are ea-ily identified, 
at least in some of their most important aspects, with the 


| Old German Meriminni or Meerfrau, the Icelandic Hafgufa, 


Margygr, and Marmennill (mod Marbendill), the Danish 
Hafmand or Waremind, the lhish Merrow or Merruach, 
the Ware Morgan of Brittany and the Morforwyn of 


Wales ,? and they have various pomts of re~cemblance to 


the vodyany or water sprite and the ru-alka or stream fairy 
of Russian mytholosy The typical mermaid (who 1s 
much more frequently described than the merman) has the 
head and body of a woman, usually of exceedinz loveliness, 
but below the waist 1s fashioned lke a fish with scales and 
fing Hei hair is long and beautitul, and she 1. otten 
represented, like the Russian iusalka as combines it with 
one hand while in the other she holds a looking las At 
othe: times, like the rusalka, she 1s seen enzazed in the 
moit } 1osaie occupation of washins or beatinz clothes but 
this, as, for example, in Hush Muller’. terrmble Loch Sin 
legend, 15 a sign of some impending calamity Fcra time 
at least a mermaid may become to all ay pearince an c1di 
nary human being, and from a very stuiking lish keend 
(‘The Overflowing ot Lough Neagh and Liban the Ver 
maid,’ in Joyces Old Celtic Rom uces) it 1s evident that a 
human being may also ior a time be transformed into a 
mermaid 

The mermaid legends, both Enzhsh and other may be 
grouped as follows A ut meraeud on mamuds erther 
rcoluntarily or under compulsion reveal things tht are th ut 
to happen Thus the two mermaids (merewap) Hidebure 
and Sigclint, m the Viledungendied, disclose his tuture 
course to the hero Hazen, who, having got possession of 
their garments, which they had left on the shore, compels 
them to pay ransom in this way = «According to Resenms, 
a mermaid appeared to a peasant of Samsoc, foretold the 
birth of a prince, and morahzed on the evils of intem 


1 The name m7 nae2i5 compountel of the LS? : like and 
magd wmud but, though mere wafio usu Be wult nif does 
not apperr till the Vaddle Emjlish pertol Chui / > mu * the 
Rose, & \ In Cornwall the fshermen savoir por dy unde ory- 
men The connexon with the set rither than with ian] w iters 
4 pears to be of liter onnn = * The Mermul ct Mutn Weer 
Isancvamph cf tic older 
force of the word and such meer women ue Aorwn t») the 
ountry folk in various paits of Fnzland (¢ 7 at Newport m Shrop- 
shire, where the town 15 some day to be licwnel ty the womans 
agency) 
~ See Rhys, “ Welsh Fairy Tales,’ in 2 Cymirodor Jag] los2 
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perance, &c (Kong Frederwhs den andens Kronske, 
Copenhagen, 1680, p 302) B A Mermard smparis 
supernatural powers to a human bemg Thus in the 
beautiful story of “The Old Man of Cury” (in Hunt's 
Popular Romances of the West of England, 1871) the old 
man, instead of silver and gold, obtains the power of doing 
good to his neighbours by breaking the spells of witchcraft, 
chasing away diseases, and discovering thieves John 
Reid, the Cromarty shipmaster, was more selfish,—his 
“wishes three” bemg that neither he no any of his 
friends should perish by the sea, that he should be unm 

terruptedly successful in everything he undertook, and that 
the lady who scorned his love should scorn it no more 

C A mermaid has some one under her protection, and for 
wrong done to her ward exacts a terrible penalty One of 
the best and most detailed examples of this class 1s the 
story of the “Mermaids Vengeance ’m Mr Hunt’s book 
already quoted D A mermazd falls on love mth a human 
beng, lives wth hum as hrs lawful wrfe for a time, and then, 

some compact beng unuittingly or wntentronally ln oken by hum, 

departs to her true home in the sea Here, if its mermaid 
form be accepted, the typical legend 1s undoubtedly that 
of Melusina, which, being made the subject of a full fledged 
romance by Jean d Arras, became one of the most popular 
folk books of Europe, appearmg in Spanish, German, 

Dutch, and Bohemian versions Melusina, whose name 
may be a far off echo of the Myltta (Venus) of the 
Pheenicians, was married to Raymond of Lusignan, and 
was long afterwards proudly recognized as one of their 
ancestors by the Luxembourg, Rohan, and Sassenaye 
families, and even by the emperor Henry VIL Her story 
will be found in Baring Goulds Myths of the Middle Ages 

E A mermaid falls un love unth a man, and entrces him to 
go and lie unth her below the sea, or a merman wins the 
affection or ciptures the person of an earthborn marden 

This form of legend 1s very common, and has naturally 
been a favourite with poets Macphail of Colonsay 
successfully rejects the allurements of the mermaid of 
Corrievrekin, and comes back after long years of trial to 
the maid of Colonsay! The Danish ballads are especially 
full of the theme, as “ Agnete and the Merman,” an ante 

cedent of Matthew Arnold’s “Forsaken Merman’ , the 
“Deceitful Merman, or Marstig’s Daughter”, and the 
finely detailed story of Rosmer Hafmand (No 49 mm 
Grimm) 

In relation to man the mermaid 1s usually of evil issue 
if not of evil intent She has generally to be bribed or 
compelled to utter her prophecy or bestow her gifts, and 
whether as wife or paramour she brings disaster in her 
train In itself her sea life 1s often represented as one of 
endless delights, but at other times a mournful mystery 
and sadness broods over it The fish tail, which in popular 
fancy forms the characteristic feature of the mermaid, 1s 
really of secondary importance, for the true Teutonic 
mermaid—probably a remnant of the great cult of the 
Vanir—had no fish tail,? and this symbolic appendage 
occurs in such remote mythological regions as to give no 
clue to historical connexion The Tritons, and, in the 
later representations, the Sirens of classical antiquity, the 
Phoenician Dagon, and the Chaldean Oannes are all well 
known examples , the Ottawas and other American Indians 
have their man fish and woman fish (Jones, Traditns of 
the North Amerwcan Indians, 1830), and the Chinese tell 
stories not unlike our own about the sea-women of their 
southern seas (Dennis, Folklore of China, 1875) 

Quasi historical instances of the appearance or capture of 


1 See Leydens ‘‘The Mermaid,’ in Sir Walter Scotts Border 
Minstrelsy 
? Karl Blind, ‘‘ New Finds in Shetlandic and Welsh Folk Lore,” in 
_ Gentleman s Magamne, 1882 
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mermaids are common enough,® and serve, with the frequent 
use of the figure on signboards and coats of arms, to show 
how thoroughly the myth had taken hold of the popular 
imagination A mermaid captured at Bangor, on the 
shore of Belfast Lough, in the 6th century, was not only 
baptized, but admitted into some of the old calendars as a 
saint under the name of Murgen (Notes and Queries, 
Oct 21, 1882), and Stowe (Annales, under date 1187) 
relates how a man fish was kept for six months and more 
m the castle of Orforde m Suffolk As showing how 
legendary matemal may gather round a simple fact, 
the oft-told story of the sea woman of Edam 1s particu- 
larly interesting The oldest authority, Joh Gerbrandus 
a Leydis, a Carmelite monk (0b 1504), cells (Annales, 
dc, Frankfort, 1620) how m 1403 a wild woman 
came through a breach in the dike into Purmerlake, and, 
bemg found by some Edam milkmaids, was ultimately 
taken to Haarlem and lived there many years Nobody 
could understand her, but she learned to spi, and was 
wont to adore the cross Ocka Scharlensis (Chronyk van 
Frvsland, Leeuw, 1597) reasons that she was not a fish 
because she could spin, and she was not a woman because 
she could lve m the sea, and thus m due course she 
got fairly established as a genuine mermaid Vosmaer, 
who has carefully investigated the matter, enumerates forty 
writers who have repeated the story, and shows that the 
older ones speak onky of a woman (see “Beschr van de 
zoogen Meermin der stad Haarlem,” in Verh van de Holl 
Maatsch van K en Wet, part 23, No 1786) As for the 
stuffed mermaids which have figured from the days of Bar 
tholomew Fair downwards, 1t 1s enough to mention that 
exhibited in the Turf Coffee house, London, in 1822, 
and carefully drawn by Cruukshank (compare Chambers, 
Book of Days) 

The best account of the mermaid myth 1s in Baring Gould’s 
Myths of the Middle Ages See also, besides works already men- 
tioned, Pontoppidan, who in his logically ciedulous ney collects 
much matter to prove the existence of mermaids, Mallet, Telle- 
amed, Hague, 1755, Grimm, Deutsche Mythologee 1 404, and 
Alidan Heldenheder, 1811, Waldron’s Deserrption and Train’s 
Hist and Stat Ace of the Isle of Man Folklore Society’s Record, 
vol 1., Napier Host and Trad Tales connected wrth the South of 
Scotland , Sebillot, Traditvone de la Haute Bretagne, 1882, and 
Contes des Marins, 1882 (H A W) 

MEROE, mm classical geography (Strabo, xvu 2,2, Pliny, 
n 73,v 10, Ptol, p 201), was the metropolis of Athiopia, 
situated on an island of the same name between the Nile 
and the Astaboras (Atbara) The “island” 1s only an 
maccurate name for the fertile plain between the two 
rivers This Meroe, first mentioned by Herodotus (u 29 
87), succeeded an older Ethiopian kingdom of Napata lower 
down the Nile, originally subject to and civilized from 
Egypt, but which afterwards became independent and even 
sent forth an Ethiopian dynasty to reign in Egypt, to which 
the Sq.and Tirhaka of the Bible belonged (see Eruiorra) 
The name of Meroe in the form Merawi 1s now given to 
Napata The later Meroe retained its independence when 
Egypt fell under foreign sovereigns Diodorus (m 6) 
describes 1t as entirely controlled by the pnesthood till a 
native prince Ergamenes destroyed the sacerdotal caste im 
the time of Ptolemy IIT Queen Candace (Acts vin 27) 
was probably sovereign of Meroe, see Lepsius’s Letters, 
Eng tr, pp 196, 206, and comp Strabo, xvu 1, 54 for 


3 Compare the strange account of the quasi human creatures found 
mn the Nile given by Theophylactus, Historiw, vi 16, pp 299-802 
of Bekker’s ed 

‘See the paper in Jour Brit Arch Ags, xxxvi, 1882, by H &~ 
Cuming, who points out that mermaids or meimen occur in the arma 
of Earls Caledon, Howth, and Sandwich, Viscounts Boyne and Héod, 
Lord Lyttleton, and Scott of Abbotsford, as well as in those of the 
Elhs, Byron, Phene, Skeffington, and other famées The, English 
heralds represent the creatures with a single tal, the French and 
German heralds frequently with a double one ° 
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a Queen Candace m Augustus’s time when the Romans 
under Petronius advanced to Napata Meroe was visited 
by Greek merchants, and the astronomical expedition of 
Eratosthenes determined its latitude with great accuracy 
An exploring party im the reign of Nero found that the 
country below Meroe, formerly the site of many towns, 
had become almost wholly waste (Pliny, vi 29) From 
the 6th to the 14th century of our era the Christian 
(Jacobite) 1ealm of Dongola occupied the place of the older 
kingdom The ruins of Meroe and Napata were fully 
explored by Lepsius in 1844, and the monuments are 
pictured in his Denkmualer 

MERSEBURG, the chef town of a district of the same 
name in the Prussian province of Saxony, 1s situated on 
the river Saale, 10 miles to the south of Halle and 17 to 
the west of Leipsic It consists of a quaint and irregularly 
built old town, with two extensive suburbs, and contains 
six churches and several schools and chantable institutions 
The cathedral 1s an interesting qld pile, with a Romanesque 
choir of the 11th, a transept of the 13th, and a Late Gothic 
nave of the 16th century Among its numerous monuments 
is that of Rudolph of Swabia, who fell im 1080 in an 
encounter with his rival Henry IV It contains two 
paintings by Lucas Cranach Contiguous to the cathedral 
is the Gothic chateau, formerly the residence of the Saxon 
princes and the bishops of Merseburg The town house, the 
post office, and the “‘standehaus’ for the meetings of the 
provincial estates are also noteworthy buildings The 
mdustries of Merseburg consist of the manufacture of card 
board and coloured paper, dyeing, glue boiling, machine 
teaking, calico printing, tanning, and brewing Its popu 
lation in 1880 was 15,205 


Merseburg (2 e¢ = march town )18 one of the oldest towns in 
Be:many Fiom the 9th century down to 1007 it was the capital 
of a countghip of its own name and fiom 968 to 1543 it was the seat 
ofabishop Inthel0th 11th, and 12th centuries it was a favourite 
residence of the German emperors ani at this tin e its fats enjoyed 
the 1mportance afterwards inhente1 by those of Leipsic The town 
was 1cpeatedly visited by destructive conflamations in the 14th to 
17th centuries and so suffered severely durin, the Thirty \ ears 
Wa: From 1656 to 1738 1t was the residence of the dukes of Saxe 
Merseburg The greit victory guned by the emyeror Henn I 
over the Huns in 933 1s believed. to have been fought on the heusch 
beg near Merseburg 


MERTHYR TYDFIL, or Merruyr Typviz, a parla 
mentary borough and market-town of Glamorganslure, 
South Wales, 1s situated in a bleak and hilly region on the 
river Taff, and on several railway lines, 25 mules north 
north west of Cardiff and 30 east north east of Swansea 
The town, which consists principally of the houses of work 
men 1s for the most part meanly and irregularly built, and 
at one time, on account of its defective sanitary arrange 
ments, was frequently subject to epidemics of great severity 
Within recent years great umprovements have taken place, 
and the town now possesses both a plentiful supply of 
pure water and an excellent system of sewage There are 
also some good streets with handsome shops, while im the 
suburbs there are a number of private residences and villas 
inhabited by the wealthier classes Apart from its extensive 
iron and steel works, the town possesses no feature of 
interest It 1s situated in the centre of the South Waks 
coal basin, and the rich coal mines in the vicinity supply 
great facilities for the iron industries At Merthyr Tydfl, 
which 1s said to have received its name from the marty: 
dom of a British samt Tydfil, there were smelting woiks 
ata very early period, but none of any importance until 
1755 From about forty years ago until 1875 the manufac- 
fure of bar iron developed with great rapidity, but since 
then the production of steel has largely taken its place 
The borough returns two members to parhament The 
population of the urban sanitary distmct in 1871 was 
51 949 and n° 1881 1t was 48,857, the population of the 
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parlamentary borough, which includes the parish of Aber- 
dare and parts of the parishes of Llanwonno and Merthyr 
Tydfil and of Vainor (Brecon), and has an area of 29,954 
acres, was in the same years 97,020 and 91,347 

MERV, Merv, or Maour,! a district of Central Asia, 
situated on the border land of Iran and Turan 

The oasis of Merv les in the midst of a desert, in about 
37° 30 N lat and 62° E long It 1s about 250 miles 
from Herat, 170 from Charyui on the Oxus, 360 from 
Khiva, and 175 from Gawars, the nearest point im the 
newly acquired (1881) Russian terntory of Akhal 

The great chain of mountains which, under the name of 
Paropamisus and Hindu Kush, extends across the Asiatic 
continent from the Caspian to China, and forms the line 
of ethnic demarcation between the Turanian and Indo- 
Germanic races, 1s interrupted at a single point , that point 
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Nexyhbourhood of Mery 


trouee or gap which nature has created flow northward in 
parallel courses the mvers Heri rud (Teyend) and Murghab, 
until they lose themselves nm the desert of Kara kum—that 
large expanse of waste, hnown also as Turcomania, which 
spreads at the northern foot of the mountamns, and stretches 
from the lower Oxus to the Caspian 

Whether as a satrapy of Darius and subsequently as 
@ province of Alexander, “whether as the home of the 
Parthian race, whether as a bulwaik against the destructive 
waves of Mongol mvasion, or later as the glacis of Persian 
Khorasan, the valleys of those mvers—the district of Merv 


1 Merv 1s the modein Peruan name The nver Magus, now the 
Murghab, on which ww built the ancient city, 1» demsed trom AMargu, 
the name of the province as recorded m the Behistan mscmptions of 
Darius. Spregel connects the name Afargu with old Bactnian meregho, 
bird, in allusion to the numerous swarms of birds that gather there 
So, too, the nver name Murghab means bird water The district ap- 
pears to have been hnown in the Sth century as Marv 1 rud, so that 
the mver was then the Mars The name Merwm for the distnet 
occurs in the Armeman geography ascnbed to Moses of Khorene, 
written probably in the 7th centary (ed Patkanoff) Maour 1s the 
Uzbek name, and of comparatively recent date 
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—have ever been important outposts on the borders of 
Iran In bye gone epochs their banks have, under powerful 
rulers, been studded with populous and flourishing cities, 
which bore the name of “Sovereign of the Universe ( Wcerv 
Shah vjehan), and vied for fame with “Balkh, the Mother 
of cities ’, of late timcs, with weakness 01 absence of govern 
ment, those sime banks have become choked with fullen 
battlements and ruins, the home of the snake and thc jichal 

Merv has soared to prosperity or fallen to decry accord 
ing to her political status at the moment, and history, 
which repeats itself, may yet have to sing her praises in 
the future as it has done in the past All that human 
life in the desert requires 1s there,—water mm abundance, 
and a soul unsurpassed for fertihty Good goveinment 1s 
alone wanting to turn those natural gifts to full account 

The present mhabitants of the district are Turcomans 
of the Tekke tribe, who, lke the other tribes inhabiting 
Turcomania, enjoyed until the approach of the Russians 
virtual independence, and acknowledged allegiance to no 
one,—a pastoral people who ched out a miserable exstence 
by the trade of passing caravans, and 1n bad times pillaged 
the neighbourmg and equally barbarous states, to whose 
reprisals they were in turn subjected 

From the year 1869, the date of the establishment of 
the Russian military settlement at hrasnovodsk on the east 
shore of the Casj1an the wave of Russian conquest has 

dually swept eastwards along the northern frontier 
of Persia until it has for the moment stopped at the outer 
most border of the Akhal Turcoman country, which was 
mncorporatul in 1881 by Russia as the result of the defeat 
of that tribe at Geok Tepe Among the districts still 
farther cast, to which the Russians give the name of 
Eastern I'urcomamia, 1s that of the Meiv Tekke Turcomans, 
kinsmen of the Akhal Ickhkes, the most recent of Russias 
subjects The district of the Merv Tekkes may be taken 
to be that included between the lowe: Vurghab below 
Yulutan, where the river enters the plain, and the Persian 
frontier fiom Sarakhs to Gawars 

A reference to the map will show the strategical import 
ance of this district, situated at the point of meet ng of 
two lines, of which one 1s the stratenc line of Russian 
advance on Herat from Krasnovodsk to Sarakhs, and the 
other the strategic line of advance on the same place from 
Tashkend through Bokhara The capital of the district 
1s, Moreover, the cirssin,, ont of the Herat khiva and 
Meshed Bokhaia trade 1outes 

Consequently this distiict a solitary oasis in a vast 
desert, guarantees to its possesso: the command of an 
umportant avenue between north and south, and, in the 
event of its falling into Russian hands, will give that power 
in addition a valuable link m the chain of connexion 
between her reccnt acquisitions on the Persian frontier 
and those in Turkestan, the forging of which has been 
persistently advocated by Russian writers for years past 
One of these, Colonel Veniuhoff, frankly admits that it 15 
the political 1esults—“ the consolidation of friendly relations 
with the Turcomans —and not commercial interests 
merely, that are jrimatly looked to, and openly states 
that the forward movement in Central Asia “cannot end 
otherwise than by the annexation to Russia of the whole 
of Turan ” 

Whether by design or by the force of circumstances, the 
recommendations of those writers have been translated into 
facts, and Russia with her advanced post at Askabad 1s 
now within 400 miles of Herat, which Sir Henry Rawlinson 
designates as the key of Inda The occupation of the 
Merv Tekke country would bring Russia to within 250 
miles of Hera. From Askabad she 18 in connexion with 
thc Caspian by a good line of communication, part of which 
from the sea to Kizil Arvat) 1s by rail, and hence facilities 
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are offered for bringing up not only the resources of the 


Caucisus but of the whole of European Russia While 


Russian troops are within 400 miles of Herat, the Bntish 
troops at Quetta are more than 500 miles from Herat ! 
These remarks serve to explam the very natural 
suspicion with which Great Bntain has regarded the 
ovcupat on one after another of important strategical 
joints along that route by which alone Russia can stnke 
at India,—the same hne by which Napoleon meditated a 
Russo T'rench invasion im the early part of this centur,¥ 


In the matter of Merv and the neighbouring Turcoman distiicts 
diplomacy his not been idle As early as 1869, when an inter 
change of opimions was taking place between the Russian and 
Bnitish Governments with respect to the demarcation of a neutial 
zone between the two empires, Great Britain objected to the 
Russian proposal that this zone should be Afghamstan, ‘* because 
of the near approach to India that would be thereby afforded to 
] ussian troops from the direction of the hara hum, the home of tXe 
‘Lucomans, of which Merv 1s the central pot In the followmg 
vcar a Russian diplomatist remarked to the British ambassador at 
St Petersbuig when discussin® the Afghan fiontie:, that great care 
would be re ;uned m tracing a line fiom hhoj+ Saleh on the Oaus 
to the south as Merv and the country of the Turcomans wele be 
coming “commercially important About the same time Russia 
intimated that, if the amir of Afghanistan claumed to exercise 
s vereignty over the Tekkes, his pretensions ould not be recognized 
After the Russian can pain against khiva m 1873 and the sub 
styuent operations against the I'urcomans, the English foreign 
se retary evly 1 1874 called attentio: ‘‘ to the feats eapressed by 
the 1 nt of Afghanistan as to the complications m which he might 
Lecone mvolved with Russia were the result of a Russian expe- 
dition against Ve1y to be to diivc the Tur omans to take refuge m 
the province of Bidgheesin Herat ‘In 1c} ly to this communi 
ervtion Piince Gortschakoff 1epeated the assu: nce that the imperial 
Government hii no intention of sen ling any expedition against 
the Tuicomans ot of occupying Merv — In 1875 the operations of 
General Lomakin on the northern frontier of Persia led to represen- 
tations being made by the British ambassador at the court of §t 
lete sburg To these Russia replied that the czar had no inten 
tim of extending his frontiers on the sile of Bokhard o1 on the 
side of krasnovolsk Notwithstanding the oft repeated assurances 
to the contrary Jae annexations have been since made in Turco 
mania by the Russians, anil these proceedings, clearly indicatin 
the } ersistent prosecution of + concerted 7 lan haven iturally tende 
to disturb the haimonious relations which should subsist between 
the two leat civilizing powers of the Last 


Settlements and Inhabited Centres —Of towns or even 
x llages, fixed centres of habitation, there are none, ac 
cording to Mr O Donovan, the latest European traveller 
to Merv The present political and mulitary capital of 
Mery 1s Koushid Khan Kala, a fort which serves rather as 
aj lace of refuge against sudden attacks than as a habita- 
tion It 1s situated on the east bank of the most westerly 
branch of the Murghab, about 25 miles below the dam at 
Porsa Kala In form 1t 1s oblong, measuring 14 mules long 
by ? mile broad, 1s constructed entirely of earth, revetted 
on the exterior slope with sun-dried brick , the 1amparts 
are 40 feet high, and are 60 feet at the base The fort 1 
built in a loop of the river, which protects 1t on two sides 
between it and the mver 1s an “obah,’ or nomad village of 
huts and tents, some thousand in number, disposed in rows, 
Lut there 15 no town or settlement 

Twenty five miles east of Koushid Khan Kala he the 
ruins of the Greek city of Antiochia Margiana, showing 
traces of a igh civilization According to Strabo (x1 2) 
the Merv oasis at this period was surrounded with a wall 
measuring 1500 stadia (185 miles) Mr O Donovan found 
the trace of the fort of Iskander to have been quadrangular, 
with a length of side of 900 yards This was probably the 
fort built by Alexander, about 328 Bc, on his return from 





? Concurrently with the consol: lation of her position in J urcomania, 
Russia has of late Leen showing less military activity on the mde of 
her Turkestin district It 18 probable that her recent explorations at 
the sources { the Oxus have demonstiated the impracticability of 
duecting any offensive movement against India from that mde. 


Hence the line of strategical advance has been shifged from ‘Tashkend 
to Tiflia 
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Sogdiana after the capture of Bessus The city was 
destroyed in 666 aD by the Arabs, who built a new one, 
afterwards known as Sultan Sanjar, about 1000 yards 
away, and occupying an area, according to Mr O Donovan, 
of about 600 yards square The towers are still extant, 
and inside can be seen the ruins of a most elaborate tomb, 
m which the supposed bones of Sultan Sangar are enshrined 
It has always been a place of pilgnmage for the faithful 
Not far to the south west les the site of the last city of 
Merv, that which exsted up to a hundred years ago, 
when 1t was laid waste by the Bokhanans It bears the 
name of its gallant defender Barram Ah 

These three ruins are all that remain of that which 
flourished of yore as “sovereign of the universe ” 

At the time of the visit of Burnes, Abbott, Shakespear, 
and Taylour Thomson, about the fourth decade of the 
century, Merv was under the jumsdiction of Khiva, and 
tht administrative centre was at Porsa Kala, where the 
dam 1s situated Thuis place 1s pow also a waste of mud 
ruins, uninhabited 

Rwers —The Herirud (or Tejend, as the river 1s 
named below Sarahhs) runs a course of some 280 miles 
within Afghan borders On reaching the Persian fron 
tier 1t turns north and forces a channel through the 
mountain chain near Sarakhs Beyond Sarakhs the river 
1 Turcoman on both banks, runs close to the Khelat 
mountains, and 1n the latitude of Askabad loses itself in 
the marshes formed by the spring floods It 1s probably 
the Ochus of ancient geography, which watered Nissa, once 
the capital of Parthia and jomed the Oxus just before 
the latter mver disembogued into the Caspian (Rennells 
Herodotus) The Teyend is fordable at all pomts below 
Sarakhs except in the early spring after the melting of the 
sfows On the road from Meneh to Merv the river 13 
slugg'sh, $0 yards wide and 4 feetdeepin February The 
river bed 1s sunk 12 to 15 feet below the level of the 
surrounding country, and has immense quantities of diift 
wood on its banks, trees and luxuriant herbage clothe the 
immediate borders At midsummer the river runs nearly 
dry, and does not reach Sarakhs The Kashaf rud, which 
flows near Meshed, 1s one of its chief affluents 

The Murghab takes its rise in the northern slopes of the 
Paropamisus, and runs parallel to the Heri rud .t a distance 
of 70 miles from it On this river hes the plain or oasis 
of Merv, urrigated by means of an elaborate system of dams 
and canals cut from the main river Beyond the hmits 
of the oasis the Murghab “hides its streams in the sand,’ 
hke the Teyend The river at Porsa Kala (near the 
principal dam) 1s 80 yards wide, at Koushid Khan Kala 30 
to 40 yards wide In summer it 1s much swollen by the 
melting of the snows, and its stream 1s then barely fordable 
The water 1s yellow in colour from suspended matter 

Formerly a great deal of the country, now a waste, 
between the two rivers was also cultivated by the agency 
of water denved from canis cut from the Teyend These 
canals extended to Kuchy Kum in the desert, rendering 
the journey between the two rivers much easier than in the 
present day From the Murghab was also cut, among 
others, the Kara-1-ab canal, which ran for a distance of 40 
mules towards the Teyend Recent explorers affirm that there 
18 no reason why these canals should not be again filled 
from those rivers, when the intervening country, “an argil 
laceous expanse” (O’Donovan), would become culturable 


Communwwation —Merv 1s surrounded on all sides by desert, On 
the north, west, and eist this desert 1s sindy and aiid, water 1s 
yaaa scarce, the wills beng sometimes 60 or 70 miles apart 
d™i easily choked To the south of Merv letween the rivers 
Murghab and Teyend, there are tra: es of past cultivation, of 1rmgating 
canals, and of considerable settlements Betwecn the i ie and 
Askabad the road hos rouge & popaiens well cultivated country 
(Persian teintory) By way of Kihko and Lutfabad 
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There are no roads in Merv,—nothing but mere tracks Many 
‘idc un | deep iriyating canals have to be crossed , bridges are few 
and bad he inhabitants cross by inflitcd skins 

The tollowing tracks lead to the Persian frontier from Merv —(1)} 
2a Mahmur or Chungul to Lutfabad—eight days on camels (2) rua 
Shahidli to Wehna—120 miles , (3) 02a Shahidl: to Fort ( herkeshla 
and Meshed,—for 85 m1.es between the Murghab and Jeyend there 
1s sewrcely any water, (4) ma Sarakhs to Meshcd, 9 or 10 marches 
for camels, and, according to Pe.rusevitch without water between 
Merv and Sarakhs—120 mules 

To the Afghan frontier ead (1) the trick 22a Sarahhs and up the 
Hen rud to Herat—fit fora coach according to Sir Charles Mac 
Gregor and Mr Lessar and (2) a ;ractical le track, used by Abbott 
and Shakespear, up the Murghab and Kushk nvers 

To the Oxus m Bokhanan territory lead several tracks, the 
chief of which 1s that to Charyui—nine marches for camels Water 
18 scarce 

To Khiva by the direct track 1s 360 miles Water 19 scarce 

Wwatuon —The Turcomans, according to Sir Henry RKiw' nson 
and others, are descendants of the Ghuz or homan: a rice of lurks 
who migrated westward from their homes in the Altai before the 
Chnstian era, and penetrated even to the Danube From sub 
sequent intcrmixture with Persian and Caucasian peoyles they 
exhitit vuuations from the true Tirtar type Accoraingt Baron 
de Bode the Turcoman closely resembles both in appearance and 
in speech the Noga: Tat and the lartar of Kasan on the Volga 

They are an independent race, as wild and free as their native 
desert, biave and very my atient of control—‘ Will wainrrs in 
stormy freedom bred ’ (Moore) They have a very evil rey utation 
fo. bngandage and murder, so much so that the Bohharians and 
hhivans have a proverb—‘ If Pies meet a viper and a Merv: com 
mence by killing the Mers1 and then despatch the ver ’ Of late 
yeirs a change for the better has tahen y lace, and recent trivellers 
amony them state that the Mervis show an inclimation to lead a 
more settled life an 1 to establish an elementary form of government 
(Medjliss), and that it 1s no lon,er a counted an honour mong 
them to hill their neighbours Opiun snokmyg and arrickh drink 
In, ale y parently widesy reid vices (O Denovan), at the same time 
they ued s 11bel 1» clever and intelli_ent 

‘The Mav Iehhes (like the Ahhal Tehkes) are classed in two great 
divisi ns—the ‘lohtamish and the Otamish. Each cf these 
disisions c nsists of two clans an each clan 1s subdivided into 
firilies The two claus of the Tohtamish are called Beg and 
Wakil, those of the Otamish, Suchmuz ind Buksh: The clans of 
Beg and Wakil are the most powerful ani occupy that at of the 
oasis Which les on the right or east bank of the Murghib The 
Su hmuz ani Bukshi have their tents on the lett or west bank 

Th 1e 1s no machinery of government inl no taxes are levied. 
Whatevcr government there be 1s of a patriarchal nature Each 
family has a hefhhoda (patnarch’) who represents the family m 
matters of jolicy, but cain only a t im accor lance with the wishes 
of tneclin Theadsakals o1 giey beards te also useful in settling 
inteitiibul disputes, but they are tolerated only so Icng as tl ey do 
not act in 0} position to the trtesmen For external affairs and in 
time of war the Act? hodas exercise a certain amount of power The 
authoiits of Aethhodas anl a/sakals 1, however overnien by tLe 
laws of custom or usage (@ {)1n1 tle leas respected laws cf relinon. 
The injunctions of deb are paramount, It sanctions the ala nan, 
or plundenng raid, and 1m general regulates the [urcoman s daily 
life 1ts prescriptions are more binding than those of the horin 

The lekhkes marry youny The father purchases for his twelve 
year old son a child wife for 500 to 2000 krans (£20 to 480) A 
young widow cf twenty five 1s much more valuibk, but a woman 
over forty 1s not worth the price of acamel On the «cnclusion of 
the bargain, the priest reads a prayer from the h tin and the 
mirage becomes vali 1 

‘The diess of the men consists of a lonz tunic of coarse cnmeon 
silk reaching below the knecs with a white sash through wluch 1s 
stuck a dagger an outt: robe of brown came] hair cloth a hue 
sheepshin hat, trousers ani slippers 01 amber coloured knee loots, 
complete the costume Thewomen are exceedingly fond of trinkets, 
rings, and amulets whih accompany their movements with a 
sound agit were of bell. Their dress consists of the same red silk 
robe as the men wear, with i sash round the waist, and high heeled 
boots, red or yellow 

The religion 1s Sun: Mohammedan, thr language Jagata: or 
Onental Turk 

The numbers of Merv Tehhes on the Murghab and Teyend are 
variously estimated, tut mav be stated eprroumaters at 40,000 
tents, including 5000 tents of the Salor tbe These 40,000 tents 
represent a population of 200,000 to 200,000 souls. The Salor: and 
Sanks at Yulutan and Pimgdeh, es up the Murzhab, are given 
at 11,000 tents, or some 60,000 souls. 

Products, Arty and Uanufacturcs —The country in all times has 
been renowned throughout the East for its fertility Strato tells us 
“that 1t was not uncommon to meet with a vine whose stock could 
hardly be clasped by tao men with outstretched arma, while 
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clusters of grapes might be yathered two cubits in length Th 
Arab traveller Ibn Haukal, wiiting im the 10+h century 1emark: 
that ‘‘ the fruits of Mery atc finer than those of any other place, an’ 
one cannot sec in any other city such palaces with groves an 
streams and gardens A local proverb says Sow @ grain ft 
reapa hundred All cercals and many frurts grow in great abund 
ance 
The Turcomins possess a famous Ineel of horses —not ptepos 
sessing 1n uj }earance being somewhat ligey and long m the bac! 
and neck, but capable of accomplishing long distances—50 or 61 
mules—for pe days in succession and with vey htfle food 
Lhe gieat pecuhanity appears to be their haulessness the coat 18 
very fine, the mane and tail very scanty Thuis breed of horses as 
well as the wealth of the Merv Tehkes im camels and flocks, is fist 
disappetrin,s 
The Lurcomans are noted as cxcellent workers im silser and as 
ar nourers, ani their carpets aie sujenor to Pursim They also 
make felts and a rough cloth of sheep 5 wool 
Onc of the chief occupations of the male s x 18 the rczau of th 
ams and the cleammg of the cinals ujon the efhcency of which 
their existence 1s dependent he services of @ luge number ot 
workmen are always held in readincss for the purpose In 1878 
the unusuil mass of witer in the Murghab cirmed away the dam 
and the drying up of some of the cvn us nearly led to a fulure o: 
th cro 
Chimite —The position of Merv, in the midst of sandy deserts in 
the heart of Asia makes the climate im the heat of summe: most 
oppressive ‘Lhe least win 11ses clouds of fine sand and dust, 
which hill the 111 1ende1 1t 50 opaque 1s to ol seue the noonday sun, 
aud make respiration dificult In winter the climate is very fine 
Snow falls rarely nd melts ot once 
History —lhe niume Murs or some similar form, occurs at a 
very early peziolin the history of the Aryan race Under Mouru 
we find 1¢ mentioned with Bikhdi (Balkh) in the geography of the 
And Avesta (Vendidad, fargandi el Spieget), which aise prob 
ably from a fare antiriol to the conquest of Bactia by the 
Assyrians, and therefore at least one thousand two hundred years 
before the Chnstian era Under the name of Margn xt occurs in the 
cuneiform inscriptions of Darius Hystaspis, where 1t 1s referred to as 
forming part of one of the satrapies of the ancient Persian empire 
(Inscriptiones Behrstani, ed Kossowicz) It afterwards became a pro- 
vince (Mapytavf) of the Greco Syr an Parthian, and Persian kin, 
doms Onthe Margus—the Epaidus of Arman and now the Murgha 
—stood the capital of the district Antiochia Margiana, so called after 
Antiochus Soter who iebuilt the city founded by Alexander the 
Gieat About the 5th century, dung the dynasty of the Sasa 
mds Merv was the seat of a Chistian archbishopne of the 
Nestonan Church In the middle of the 7th century the flood of 
Arab conquest swept over the mountains of Peisia to the deserts of 
Central Asia Merv was occupied 660 aD by the lieutenants of 
the caliph Othman, and was constituted the capital of Khorasan 
Fiom this city as their base the Arabs, under Autcibe bin Muslim, 
early in the 8th century brought under subjection Bukh, Bokhara, 
Ferghana, and Kashgana and penetiated mto China as far as the 
rovince of Kansu In the latter part of the 8th century Merv 
came obnoxious to Islim as the centie of heretical propaganda 
preached by Mokannah (Haschem ben Hakem), the ‘veiled 
proper of Khorasan, who claimed to be the mcarnation of the 
city In 874 Arab rule in Central Asia came to an end Dur 
ing their dominion Merv, hike Samarkand and Bokhara, became 
one of the great schools of science, and the celebrated historiin 
Yakut studied in its libraries About 1087 the Selyukian Turks 
crossed the Oxus from the north and raised Toghrul Beg, grandson 
of Seljuk to the throne of Persia, founding the Seljukian dynasty 
with its capital at Nishapur A younger brother of Toghrul 
Daoud, took possession of Mers and Herat Toghrul was succeeded 
by the renowned Alp Aislan (the ,reat lion) whose sway was so 
vast that, according to tradition no fewer than twelve hundred 
kings princes and sons of kings and pmnces did homage before 
his throne Alp Arslan was butted at Mery Jt was about this 
tame that Merv reached the zenith of her glory Dumng the reign 
of Sultan Sanjar of the sime house towards the middle of the 11th 
century, Merv was overiun by the Turcomans of Ghuz and the 
country was reluccd to a state of misery and desolihon These 
Turcomans, the ancestois of the present tribes of Tuicomann, 
were fread introduced into the country by the Selyukian Turks 
as military colonists They formed the van of their armies, and 
rendered efficient service so long as the dynasty lasted, and after 
wards took part in the wats of Tamerlane 
In 1221 Merv opened its gates to Toalai son of Jenghi7, khan 
of the Mongols, on which occasion the mhabitants, to the number 
of 700,000, are said to have been butchered From this time 
forward Merv, which had been the chief city of Khorasan, and 
was popularly supposed to contain a million mhabitants, com 
menced to languish m obscurity In the early part of the 14th 
century Merv was agayn the seat of a Christian archbishopric of the 
¥astern Church. 
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n the death of the grandson of Jenghiz Khan , 
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Merv became included in the possesmons of Toghluk Timur Khan 
(‘lamerlane), in 1880 In 1505 the decayed city was occupied by 
the Uzbeks, who gp ase later were pact i Pesci Khan, 
the founder of the Suffavean dynasty of Persia. Merv thencefor- 
ward remained in the hands of Pcreia until 1787, when it was 
attacked and captured by the emir of Bokhara Seven years 
late: the Bokharians razed the city to the ground, bioke down the 
dams, and converted the distiict into a waste About 1790 the 
Sank Turcomans pone their tents there When Sir Alexander 
Burnes traversed the country m 1832, the Khivans were the rulers. 
of Merv, the nomad population being subject tothem About this 
time the Tekke Turcomans, then living at Orazkala on the Her rad, 
were forced to migrate northward m consequence of the pressure 
from behind of the Persians The Khivans contested the advance 
of the Tekkes, but ultimately, about the year 1856, the latter be- 
came the sovereign power 1n the country, and have ever since 
resisted all attempts at reconquest © 
Authoritres —Besides the standard travels of Wolff Ferrie: Vambery Burnes 
Abbott Mouravieff and others the foll witg works and papers of more recent 
date may be consulted with advantage —Sn H Rawlinson s Angland and Russia 
an the East ODonovans coespondence with the Deady News 1880-81 
ODonovans Metv Proc hoy Geog Soc (C1 Stewarts C untry of ¢he 
Tehke Turcomans Proc Roy Geog Soc with excellent map The New Russo 
Persiai Fiontier 1881 Proc Roy Geog Soc Guraid de Pislle Mémowe ser 
1 Aste Centrale Sir H Rawinsor Road to Mery Proc Roy Geog Soc, 
Col Bakers Clouds tn the East Captam Namers Reports Jowr Roy Geog 
Soe Huttons Central Asa Mary ns Merv C1 Puttos Steppe Campaigns, 
Sir Charley MacGrego1 8 Jouyney through Khorassan Boulgeis England ané 
Russia in Central Asia Captam Butlers Communications to the Publec Press, 
Lessars Journcys Joc Roy Geog Soc OQ Donovans Merv Oasts, Paperson 
the Turcomans &c by Col Petiusevitch Proc Imp Auss Geog Soc Caucasus 
section Col Grcdekoffs Journey f om Tashkend to Persva 1880 Captain 
Awopatkin s Jurcomanta 1880 Col \eniwkotts Prog css of Russta in Centrat 
* ¢ 187 and other papers by the same autho: Col Kostenkos Tu kcstan 
RU 8 Instn Schuylers Tu itstan, corres} o1 dence on Cential Asia pie 
sei ted to parliament &c (ik C HC) 


MERYON, Caarzes (1821-1868) The name of 
Méryon 1s associated with that spuited revival of etching 
m France which took place mm the middle of the 19th 
century,—say from 1850 to 1865,—but 1t 1s rather by the 
individuahty of his own achievements, and the strength of 
his artistic nature, than by the influence he exercised that 
Meéryon best deserves fame No doubt his work encouraged 
others to employ the same medium of expressjon, and so 
great was his own perfection of technique that he may well 
have been made a model, but, after all, the medium he 
selected, and in which he excelled, was but the accident of 
his art, he was driven to 1t in part by stress of circum- 
stances—by colour blindness, and, even with colour blind- 
ness, his extraordinary certainty of hand and his delicate 
perception of light, aided by his potent 1magination, would 
have made him a great draughtsman not alone upon the 
copper 

Charles Méryon was born in Paris in 1821 His father 
was an English physician, his mother a French dancer 
It was to his mother’s care that Méryons childhood was. 
confided She was supplied with money, and she gave the 
boy passionate affection, 1f not a wise tramimg But she 
died when he was still very young, and Méryon in due 
time entered the French navy, and in the corvette “Le 
Rhin” made the voyage round the world He was already 

draughtsman, for on the coast of New Zealand he made 
pencil drawings which he was able to employ, years after- 
wards, as studies for etchings of the landscape of those 
regions The artistic mstinct developed, and, while he 
was yet a heutenant, Méryon left the navy Finding that 
he was colour blind, Méryon determined to devote himself 
to etching He entered the work room of one Bléry, from! 
whom he learnt something of technical matters, and to 
whom he always remaimed grateful Méryon was by this 
ame poor It is said that he might have had assistance 
‘rom his kindred, but he was too proud to ask it And 
thus he was reduced to the need of executing for the sake 
of daily bread much work that was wholly mechamical and 
irksome Resolutely, though unwillingly, he became the 
hack of hus art, domg frequently, from the day when de 
was first a master of 1t to the day when msanity disabled 
hum, many dull commissions which paid ill, but paid better 
than his orginal works Among learner’s work, done for 
his own advantage, are to be counted somé studies ‘after the 
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Dutch etchers such as ceeman and Adrian van de Velde 
Having proved himself a surprising copyist, he proceeded 
to labour of his own, and began that series of etchings 
which are the greatest embodiments of his greatest con 
ceptions—the series called “ Eaux fortes sur Paris” These 
plates, executed from 1850 to 1854, are never to be met 
with as a set, they were never expressly published as & 
set But they none the less constituted in Méryon’s mind 
an harmonious series For him their likenesses and their 
contrasts were alike studied , they had a beginning and an 
end, and their differences were lost im their unity 
Besides the twenty two etchings “sur Paris” character- 
wed below, Méryon did seventy two etchings of one sort 
and another,—ninety four in all being catalogued im 
Wedmore’s Méryon and Meryon’s Paris , but these include 
the works of his apprenticeship and of his decline, adroit 
copies 10 which his best success was in the smking of his 
own individuality, and dull and worthless portraits chiefly 
of forgotten celebrities Yet among the seventy two prints 
outside his professed series there are at least a dozen that 
will aid his fame Three or four beautiful etchings of 
Pans do not belong to the series at all Two or three 
etchings, again, are devoted to the illustration of 
Bourges, a city in which the old wooden houses were 
as attractive to him for their own sakes as were the stone 
built monuments of Pams But generally it was when 
Pauis engaged him that he succeeded the most He 
would have done more work, however,—though he could 
hardly have done better work,—if the material difficulties 
of his life had not pressed upon him and shortened his 
days He wasa bachelor, unhappy in love, and yet, it 1s 
related, almost as constantly occupied with love as with 
work The depth of his imagination and the surprising 
mastery which he achieved almost from the beginning in 
the technicalities of his craft were appreciated only by a 
few artists, critics, and connoisseurs, and he could not sell 
his etchings, or could sell them only for about 10d a piece 
The fact that his own original work was of incalculably 
greater value than his best copies of his most celebrated 
forerunners had not yet impressed itself upon anybody 
Disappointment told upon him, and, frugal as was his way 
of life, poverty must havetold on him He became subject 
to hallucinations Enemies, he said, waited for him at the 
corners of the streets , his few friends robbed him or owed 
him that which they would never pay A very few years 
after the completion of his Paiis series, he was lodged in 
the madhouse of Charenton Its order and care restored 
him for a while to health, and he came out and did a little 
more work, but at bottom he was exhausted In 1867 
he returned to his asylum, and died therein 1868 In the 
middle years of his life, just before he was placed under con 
finement, he was much associated with Bracquemond and 
with Flameng,—skilled practitioners of etching, while he 
was himself an undeniable genius,—and the best of the 
portraits we have of him 1s that one by Bracquemond 
ander which the sitter wrote that 1t 1epresented “the 
sombre Méryon with the grotesque visage” And it did 
There are twenty two pieces in the Kaux fortes sm Pais Some 
of them ate insignificant Thats because ten out of the tnenty 
two were destined as headjnece, tailpiece, or 1unning commentary 
on some more important plate But each his its value, and certain 
of the smaller pieces throw great hght on the aim of the entire set 
Thus, one httle plate—not a picture at nll—as devoted to the record 
of verses made by Meryon, the pm pose of which 1s to lament the life 
of Pans * The mieety and poverty of the town Meryon had to illus 
trate, as well as its splendour The art of Meryon 1s conipletely 
misconceived when his etchingsare spoken ofasviewsof Pans The 
sxe often “views,” but they are so just so far as 1s compatible wit 
their bemg hkewise the visions of a poet and the compositions of an 
artist It was an epi of Pans that Meryon determined to make, 
coloured strongly by his personal sentiment, and affected here and 
there bythe occursences of the moment,—1n more .han one case, for 
mstance, he hurned with particular affection to etch his impression 
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of some old world building which was on the point of destruction. 
Nearly every etching in the series 1s an instance of technical skill, 
but even the technical skill 1s exercised most happily in those etch- 
ings which have the advantage of impressive subjects, and which 
the collector willingly cherishes for their mysterious suggestiveness 
or for their pute beauty Of these, the Abside de Notre Dame 1s 
the general favourite , 1t 1s commonly held to be Meryons master 
piece Laght and shade play wonderfully over the great fabnc of 
the church, seen over the spwes of the mver As a draughtsman of 
architecture, Meryon was complete his sympathy with its various 
styles was broid, and his wo1k on its vatious styles unbiassed and 
of equal peifection—a point m which it 15 curious to contrast him 
with Turner, who, in diawing Gothic, often drew it with want of 
appreciation It 1s evident thit architcture must enter largels 
into any representation of a city, howevcr much such representation 
may he a vision, and however little a chiomicle Besides, the archi 
tectural portion even of Meryons labour 1s but indirectly imagina 
tive, to the imagination he has given fieer play in his cealings with 
the figuie, whether the prople of the strect or of the mver o1 the 
people who, when he is most fankly o1 even wildly sy mt olical 
cond the sky Generily speaking, his hgures are, as regards 
diauzhtsmanship, ‘‘landseape punters figures ‘They are drawn 
moie with an eve to grace than to cormectness But they are not 
‘‘Jandscape painter s figurcs 1t all when what we are concerned 
with is not the method of then representation but the purpose of 
their introduction They ate seen then to be in exceptional accord 
with the sentiment of the s-ene Sometimes, asin the case of La 
Moigue, 1t 18 they who tell the stor: of the picture Sou ctimcs, as 
1n the case of La Rue dc» Mausais Garcons,—with the two passing 
women bent to,ether in scciet converse,—they at least suggest 1t 
And sometimes, as m I Arche au Pont Notre Dame, it 1s their 
expressive gesture and eer action that give vitality and amimation 
to the scene Dealing perfictly \ ith arc! itecture, and perfectly, as 
far as concerned his peculiu puryose, with humanity in his art, 
Meryon was little called njon vy the churcter o1 his subjects to 
deal with Nature He drew troes Lut badly, never representing 
foliage hapy ily, erther in detail or inmass = Bit to 1nder the char 
acteristics of the city, 1b was necessary that he should know how to 
pourtray a certain kind of w iter—tive1 water mostly sluggsh—and 
a ceitain hind of sky—the grey obscured and lower sky that broods 
over a world of roof an! chimney This water and this shy Meryon 
1s thoroughly master of, he notes with observant affection theu 
changes 1n all lights 
Mérvon’s ercellent drau.! tmanship, and his heen appree:tion of 
light, shade, and tone, wiit, of course helps to his becoming a great 
etcher But a hving authority, himself an eminent etcher, a1 
admiring Merjon thorouzhly, has called Meryon by preference a 
at original engraver, —so little of Mery ons work accords with Mr 
fadens view of etching Meryon wry ansthing but a bulliant 
sketcher, and, if 1n artist s success im etching 18 to be gauged chiefly 
by the rapidity with which he records an impiession, Meryon $ suc 
cess was not great There can be no doubt that his work was 
liborions and deliberate, instead of swift and impulsive, and that of 
some other virtues of the etcher—‘‘ selection” and ‘ abstraction 18 
M1 Hamerton has defined them—he shows small trace But a 
genius like Meryon 1s a law unto himself, or rather in his practice 
of his ait he makes the laws by which that art and he ate to be 
udged He wasa great etchei, and by his most elaborate ]ibour 
1e seemed somehow to ensure the more completely for his picture 
that vutue of unity of umpression which, 1t may well be aimitted, 
oftener belongs to rapid than to deliberate work In Mervons 
etchings the hand work never seems to be in anear of the thought 
As long as the hand work must continue, the thought and pission 
are retuned Meryon hnows the secrets of his craft as well as did 
the older masters of it, but he turns them to his own purposes 
He 1s unexcelled m strength and m precision, net Is fre often 
rivalled 1n delicacy These qualities, and others more distinctly 
technical, which 1t would trke too long te insist on here, students 
find in his etchings But the communicable charm of Meryons 
punts and their lasting fascination are duc to the fact that behind 
all technical qualities, and as their very source and spring, there 
hes the potent imagination of the artist, poetical and vivid, direct 
ing him what to see in his subject, and how toseeit (F WE) 


MESCHERYAKS, or Mescugrs, a people inhabiting 
eastern Russia Nestor regarded them as Finns, and 
even now part of the Mordvimians (of Finnish ongin) 
call themselves Meschers Klaproth, on the othe: hand, 
supposed they were a mixture of Finns and Turks and the 
Hungarian tiaveller Reguh discovered that the Tartarized 
Meschers of the Obi closely resembled Hunganans They 
formerly occupied the besin of the Oka (where the town 
Meschersk, now Meschovsk, has maintaimed their name) 
and of the Sura, extending north-east to the Volga. After 
the conquest of the Kazan empire by Rusma, part of 
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and Byelaya, and thus the Meschers divided into two 
branches The western branch became Russified, so that 
the Mescheryaks of the governments of Penza, Saratoff, 
Ryazan, and Viadimir have adopted the customs, language, 
and religion of the conquering race, but their ethnogra- 
phical characteristics can be easily distinguished in the 
Russian population of the governments of Penza and 
Tamboff The eastern branch has taken on the customs, 
language, and religion of Bashkirs, with whom their fusion 
is still more complete They can be distinguished from 
their neighbours only by their more peaceful characte 
This Bashkir Mescheryak branch was estimated by Rittich 
in 1875 to number 138,000 They make 6 per cent of 
the population of the government of Upa, and 22 per 
cent in the district of Birsk The number of the western 
Mescheryaks 1» unknown, and could hardly be estimated on 
account of their mixture with Russians — It 1s only in the 
governmentot Penza that they hayemaintained theirnational 
featuies , there they make 3 per cent of the population 

MESCHOVSK, a district town of Russia, in the govern 
ment of Kaluga, 45 milcs to the south west of the caj ital 
of the province It 1s an old town supposed to date from 
the 13th centwy, and it i often mentioned in Russian 
annals under the names of Mezetsk, Mezechevsk, or 
Meschorsk About the cond of the 14th century it was 
embraced in Lithuania, and it was ceded to the Moscow 
“ great pncipality’ in 1494 It was often pillaged by Tar 
tars in the 16th century, and during the great disturbances 
of 1610 all it. mhabitants were killed by the Zaporoghi 
Cossacks, and the fort was takcn by Poles, who returned it 
to Russia only after the treaty of Deulin The country 
round Meschovsh 1s not fertile, but, from its position on 
old established i1outes to the south, the town has become 
a centre of con idcrible trade Its annual fair, which 
takes place on the grounds of the very old Petrovsk 
monastery, 1s 1mportint to the surrounding districts for 
the export sale of horses, grain, hemp, hempseed oul, and 
coarse linen, and for the import trade in cottons, woollens, 
and earthen and glass wares, the whole turn over reaching 
about £100,000 Population, 7400 

MESHED (properly Mesh hed, ze, “place of martyr 
dom, “shrine ), a city of northern Persia, capital of 
Khor4sin, 472 miles east of Tehran, 201 mils north west 
of Herat, 36° 17 40 N,52 35 29 EL, hes on plun 
watered by the Keshaf rud, a tributary of the Heri rud and 
1s surrounded by mud walls 4 miles in circumference, with 
a dry ditch 40 feet deep at some points, which could be 
flooded from the neighbouring teservoir and watercourses 
Within this enclosure 1s a strong citadel, with good walls 25 
feet high, residence of the prince governor of Khorasin 
There are five gates, from one of which, the Bala Khab4n, 
the Khiab4n main street runs right though the city, form 
ing @ fine boulevard planted with plane and mulberry trees, 
and with a stream of dirty water running down its whole 
length In the centre is an open parallelogram 160 yards 
by 75, encircled by double storied cloisters, and pierced on 
the long side by a high arched porch leading directly to 
the great mosque, whose gilded dome rises above the shrine 
of the famous Imim Rizv! The marble tomb of the saint, 





1 Ali Riza (or el Rida) the eighth imam of the Shia 1s the Ah ibn 
Musi fiom whom the party of Aliles bad such hojis un’ei the 
caliphate of Mamun (see MOHAMVFDANISM) He dici at Tus 
818 aD and was buried by Mamuns orders m the vict ity of that 
town beside the grave of Harun el Rashid To the Alides he was a 
martyr, being believed to have been } oisoned bythe caliph Tbn Batuta 
who describes both shrines (1 77 sq; tells how the pious visitors 
to the shrine of Al: 1bn Musa used to spurn with their feet the tomb 
of Raslit In his time a considerable town hal been forme 1 around 
the slime under the name of Meshhe i el Rida and ulti at ly the 
, new tow 1 eclipsed the older city of Tu 
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them migrated north eastwards to the basins of the Kama | 


which 1s the most venerated spot in the whole of Persia, 
and yearly visited by from 80,000 to 100,000 pilgrims, 1s 
surrounded by a silver railing, and approached by a flight 
of inlaid marble steps Eastwick, the only European before 
O Donovan who penetrated as far as the parallelogram, 
describes the mosque as large enough to contain three 
thousand people It 1s flanked by two gilded minarets, 
one of which, 120 feet ligh, 1s extremely beautiful, with 
an exquisitely carved capital, built by Shah Abbis The 
facade 1s entirely covered with blue and white enatoelled 
tiles To the mosque are attached as many as two thousand 
attendants and retaimers of all sorts, including no less than 
five hundred mollahs Beyond the dome 1s Gauhar Shah’s 
handsome mosque, surmounted by an immense blue dome, 
and also flanked by two minarets In the mam street 
1s a public kitchen supported by the enormous revenues 
of the shine, where eight hundred devotees are dafly 
supphed with food gratuyously The only other notable 
buildings in the place are some colleges and twenty 

two caravanserais, one of which is of great size Meshed 
does a considerable local and tiansit trade to the yeaily 
value of about 600,000 tomans, and its bazaars are always 
well stocked with silks, velvets, felts, cottons, shawls, 
carpets, lacquer work, lambskins, hardware, glass, chi. a, 
and other goods from South Persia, India, Turkestan, and 
Russia The European trade 1s now entirely controlled by 
Russia, and European manufactured articles are mostly all 
from that country Thechet manufactures are silk, satin, 
velvet, and checked cotton fabrics, carpets, shawls, noted 
sword blades, shagreen, and turquois jewellery Within 
the enclosures are extensive cemeteries far exceeding the 
local requirements, large numbers of the faithful being 
biought from all parts of the Shi‘a world to be buried fn 
the vicinity of Riz4’s shrine under the belief “hat their 
eternal salvation is thereby ensued 


Some 10 miles west of Meshed 13 a powder factory, formerly 
under Colonel Dolmage where powder of excellent quality 1s pro 
duced The distiict, although fertile, does not produce sufheunt 
for the inhobitants, so that much gram has to be umported fiom 
Kuidistin and Nishiypur The climate 1s ye1} severein winter, with 
much snow, in siurer it 18 less sultry than might be expected, 
the temperature 11nging fiom 76° F to 90° or 92° F and in excep 
tional years 94° to 98° k ~=The population 1s variously estimated at 
fiom 45,000 (Connolly) and 60,000 (Ferrie:) to 80,000 and 100,000 
(Kastwick) Thesettled residents, exclusive of pilgrims and foreign 
thade1y «re estimated by O Donovan at 50,000 

The main eravan routes fiom Khiva, Bohhara, Samarkind and 
Herat converge at Meshed whence lines of traffic radiate to Kuchan 
fer the Atiek valley and the Caspian, to Nishipur ind Bostam for 
Tehian, to Tabas for Isfahan, to khaf for Sistan and hirman _ It 
thus oc upies & position in north eastern Persia analogous to that 
of Tabriz in the north west 


MESHED ALI, 7 ¢, the shrine of the “martyr” Ali, 1s 
a town of Asiatic Turkey, province of Baghdad, 50 miles 
south of Kerbela, close to the ruins of Kufa, and 2 miles 
west of the Hindiye branch of the Euphrates, the reputed 
burial place of the caliph Al? It stands on the east 
scarp of the Syrian desert, and 1s enclosed by nearly square 
brick walls flanked by massive round towers dating from 
the time of the caliphs Under the gilded dome of the 
great mosque, which occupies the centre of the town, 1s the 
shrine of Al, which 1s held by the Shi'a as at least as 
holy as the Kaaba itself Any Moslem buried within 
sight of the dome being certain of salvation, large numbers 
of bodies are yearly sent from all parts for interment here 
Besides the mosque with its mchly decorated facade, the 
only noteworthy building 1s a good bazaar supplied from 
Baghdad and Basra The town itself, which Lady Anne 


? Whether the place really contains the grave of Ali was long 
disputed and the story given in defence of its claims 1s doubtless 
apocryphi!] Lhe dome was built under the Abbasids, and the resting. 
place of the cal} unknown or conccalel un lett) Omayyads (Iba 
Haukal, y 163) : 


€, 


See Plate 
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Blunt deseribes as “‘an ideal Eastern city, standing in an 
absolute desert, and bare of all surroundings but its tombs,” 
consists of narrow gloomy streets led by houses closely 
packed together The locality 1s properly named Najaf, 
and gives its name to the neighbouring lake, a large 
depression filled by an eruption of the river, and ranging 
from 6 to 20 feet indepth The accumulated treasures 
of the shrine were carried off by the Wahhabites when they 
captured this place early mm the present century The 
population is estimated at 7000, mcluding several Indian 
Mohammedans under the protection of the British resident 
at Baghdad 
The aspect of the shrine mm the 14th century 1s described by Ibn 
Batuta, 1 414 sg A plan ot the town and descuption of its 
splendour bet ore the Wabhabites yilliged it 18 given by Niebuhr 
See also Ibn Juluir p 214, P Jeixeira, Ztun , cap wv 
. MESHED HOSEIN, properly Mrsuyep Hosern 
KERBELA, vol xiv p 48 
MESMER \IESMERISM ¢ See vol xv p 277 
MESOPOTAMIA, the “ country between the mvers, 134 
purely geographical expression, the countries which 1¢ com 
prehends never hayimg formed a self contamed political 
unity! It was first mtroduced by the Grecks at or after 
the time of Alexandcr, but ;robably had its ori m tle 
earlier Aramein name bth nahrin (the country between the 
rivers), to which azain co11esponds the Biblical Aram A aha 
rayym As early as 700 Bc “the country of two rivets ’ 
is mentioned on the K.yj tian monuments under the name 
Naharina, but no such designation appears i the cunei 
form mscriptions (though the territory formed part of the 
Assyrian as it afterwards did of the Persian emjire) The 
most settled jeriod in the history of Mesopotamia was 
probably under Peruan Greek rule Xenophon applies 
the name Syria to the extremely fertile district which he 
traversed after havin crossed the Euphrates at Thapsacus 
The country beyond the Araxes (Chaboras 1) he calls Arabia, 
—a desert region in which his army had to suffer great 
hardships until 1t reached the “gates of Arabia ven 
in later times Mesopotamia was included under the name 
Assyria, or was reckoned part of Babylonia 
These statements of Aenophon already indicate a 
demarcation of the territory afterwards called Mesopotamia, 
as well as its division into two sections The fertile 
portion, mhabited by agricultural Aramzans, stretched 
from the Euphratcs to the Chaboras, the desert poition, 
the home of wandermg tribes, extended to the Tigris It 
would be rash, however, to conclude from this that 
Mesopotamia designated the whole territory betv een the 
Euphrates and Tigris, indeed it 18 possible that Aram 
Naharayvm, the Aram of the country of the two rivers, 
originally meant only the main portion of the fertile country 
inhabited by Syrians In this case the two boundary 
rivers must have been, not the Cuphrates and the Tigns, 


See 


but the Euphrates and the Chaboras After the final | 


xecupation of the country by the Romans (156 4D), the 
pohtical province of Mesopotamia was practically confined 
to this more limited district Though im ordimary usage 
the Euphrates and Tigris are considered as the two nivers 
which bound Mesopotamia, the one bank of the river 
cannot be geographically separated from the other, and 
consequently narrow strips of country on the right bank 
of the Euphrates and on the left bank of the Tigris must 
be reckoned to the country “between” the mvers On 
the other hand, the country between the sources of the 
Euphrates and the Tigris has from early times been 


1 Mecoworauia, more exactly q péon tev worapay, sul xwpa 
or Zupla 

* In the more repent parts of Genesis Padan Aram takes the place 
of Aram Naharaym But this perhapsis the name of a smaller district 
in the*neighbourhond of Harran 


47 


reckoned not to Mesopotamia but to Armenia In this 
direction the Masius range forms the proper boundary, and 
it 18 only on rare occasions that theoretical geographers 
extend the name Mesopotamia over the more northern 
districts, Sophene, &c Purely theoretical too, and not to 
be approved, 1s the extension of the definition so as to 
include the land of Babylonia (‘Irak ‘Arali), that 18, the 
country as far south as the confluence of the Euphrates 
and Tigris, or even as far as thar emtonchure in the 
Persian Gulf 

Yrom what has been said it appeais that Mesopotamia 
reaches 1tsnorthern hmitsat the points wherethe EUPHP ATES 
(qv) and the Tigns break through the mountain range and 
enter the lowlands In the case of the Enj brates this 
takes place at Sumeisdt (Semosata) in that of the Tigris 
near Jeziret ibn “Omar (Bezabdi) and Mosul (Nineveh) 
Consequently the irregular northern boundaries are marked 
by the lowland limits of those sy urs of the Taurus mountains 
known 10 antiquity as Mons VMasius and now as Karajc 
Dagh and Tur “Abdin Towards the south the ancient 
boundary was the so-called Median Wall, which, nea 
Pirux Shapur, not much to the south of Hit (the ancient 
Is), crossed from the Cuphrates in the direction of Kadisiya 
(Opis) to the Tigris There the two rivers ay} roach each 
other, to diverge again lower down At the same 7 lace 
begins the network of canals connecting the two rivers 
which rendered the country of Babylonia one of the richest 
in the world, there too, in a geological sense, the higher 
portion of the plain, consisting of strata of g)psum and 
mar], comes toanend there at one time ran the hne of 
the sea coast, and there be.in those allivial fcrmations 
with which the mighty rivers in the course of lung ages 
have filled up this dejiessed area Mesopotama thus 
forms a triangle lymg in the north west and south east 
direction, with its long sides toward» the north and south 
west It extends from 37 30 to about 33 N lat and 
from 35° to 46° E long, and ha» an area of some 200 
squue miles The points at which the rivers 1s uc from 
among the mountains have an absolute altitude of between 
1000 and 1150 feet and the plain sinks 1a, 1dly tcwards 
the southern extremity of Mesopotamia, where it 1s not more 
than about 165 feet above the sea \» a whole the entire 
country consists of a single ojen stretch save thit in the 
noith there are some branches of the Taurus—the \ mrud 
Dagh near Onfr, the long limestone ran e of * \id cl‘ Aziz 
running north north west, and farther to the cast the & nyar 
range, also of limestone, 7 miles broad and 30 milks long, 
lunning north north east Between there two range —near 
the isolated basaltic hill of Tell Kéhab (Hull of Star.)—runs 
the defile by which the waters of the Chaboras, swollen 
by the Jaghjagha and other affluents from the Mavius, find 
their way into the heart of Mesopotamia The hhabur 
proper, the ancient Chaboras, which rics in the three 
hundred copious fountains of R 1s‘ain (the ancient Rhesana) 
and ultimately falls mto the Fuphrites near Karhisng 
(Circestum) forms the boundary betwecn the two, cr moi 
correctly the three, great divisions of Mesopotama These 
divisions are (1) the northern country to the west o. the 
Khabir, (2) the northern country to the east, and (3) the 
steppe land In the country to the northwest of the 
Kh4bur we must probably, as already mentioned, rccogn ze 
the true ancient Aram Nakarayim Under the dominion 
of the Seleucids 1t bore the name of Osrhoene, or better 
Orrhoene, and was for a time the seat of a special dynasty 
which at a later date at any rate was Arabian (4Abgar) 
The capital of this hmgdom was Orfa (Roha), the Edessa 
of the Greeks and Romans, the Orrhoi of the Synans, it 
was at @ later date a Roman colony, and bore also the name 
of Justinopohs This once flounshing city hes on the small 
river Daisan (the ancient Scirtus) South of Edessa he 
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the ruins of Haran (see vol xi p 454) Inthe Mongolian 
period Harran fell into decay, and at present 1t 1s a mere 
heap of runs A third town of this region is Serug 
(Gen x1 20), in the Greek period it was called Batne, but 
the Syrians retamed the name Serug, which 1s still n use 
(Seruj) The town lies between Harran and the Euphrates, 
mm a plain to which it gives 1to name On the left bank of 
the Euphratcs lay Apamea (the modern Bireyik), connected 
with Zeugma on the other side by a bridge, and farther 
south, at the mouth of the Bilechas (modern Belk), 
was the trading town and fortress Nicephouum, founded 
by command of Alexander, and completed by Seleucus 
Nicator, mm memory of whose victory it was named 
From the emperor Leo 1t received the designation Leonto 
polis The spot 1s now known as Rakka (see below) 
Farther up the fruitful valley of the Belik lay the town of 
Ichne (Chne) Farther south lay Circcs1um (Chaboras of 
Ptolemy, Ph wg of Isidor), not to be identified, as 1s usually 
assumed, with Carchemish fiom the time of Diocletian 
it was strongly fortified The site 1s at present occupied 
by a wretched place of the name harkisiyx Carchemish 
}robably Jay near the Iridge cf Memly the ] resent 
hal t el Ncym 

In ancicnt times 2 laghly flcunshing distict mu t have 
stretched alcng the msvcur Chal oas (Aa 1) to its y rnc, al 
source 1 Ris‘am ( Tountunhead Syr Auhkuime, the 
Rhes .n1 of Ptolemy), a town which was for some time called 
Theodosiopolis, because after 380 a D 1t was extended and 
embcllishcd by Theodosius Justiman fortified 1t The 
strip of completely desert country which now stretches along 
the lower course of the Khibur was called in antiquity 
Gauzanitis, and corresponds to the Gozan of 2 kings xvi 
6 (Guzana or Guzanu in the cuneiform imscr.ptions) 

The country to the east of the upper Khabur 1s in many 
respects simlar to that which has just been described As 
the watershed of the Tigiis 1s not far distant, the Vasius 
range sends down into Mesopotamia only insignificant 
streams, the most important bemg the Hermas, the 
Mygdonms of the Greeks On its banks was situated 
Nistns, the chief city of the distiict, which commanded 
the great road at the foot of the mountains leading 
through the steppe, which here from the scarcity of water 
comes close up to the edge of the hills In the old 
Assy11an empire Nasibina was the seat of one of the four 
great administrative officials Inthe time of the Seleucids 
the site was occupied by the flourishing Greek colony of 
Antiochia Mygdonia , but the new desiznation, transferred 
to the rive: and the vicinity of Nisibis from the Mace 
donian district of Mygdonia, afterwards passed out of use 
Nisibis was an important trading city, and played a great 
part in the wars of the Romans against the Persvans 
Captured by Lucullus surrendered by Tigranes recovered 
by Trajan, again abandoned py Hadrian, once more occu 
pied under Lucius Verus and stiongly fortified by Severus, 
it was at length raised to be the capital of the province, 
and remained the frontier fortress of the Romans till m 
the time of Jovian it was ceded to the Pasians After 
the loss of Nisibis the emperor Anastasius in 507 
founded to the north west the fortress of Dare or Daras 
(the modern Déré), also called Anastastopolis, which from 
the reign of Justinian, who increased its stiength, remained 
for a time the residence of the dur Mesopotamixz Besides 
these strongholds, many fortified posts were established 
by the Byzantine empire in this district. Antoninopolis 
must be mentioned as an impoitant town this was 
refortified by Constantine under the name of Constantia, 
and has left its ruins near Tela between Harran and Nisibis 
Mardin too was a fortress of a similar kind, and the town 
of Singara at the southern foot of the mountain of the 
same name, was an alvanced post of the Roman power 
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The south or steppe portion of Mesopotania was from 
early times the roaming ground of Arabic tribes, for 
Xenophon gives the name of Arabia to the district on the 
left bank of the Euphrates to the west of the Khabir, 
and elsewhere it 18 frequently stated that the interior at a 
distance from the rivers “1s a steppe inhabited by Arabes 
Scenite (Tent Arabs) Along the bank of the two great 
rivers ran @ belt of cultivated countiy, and the rock 
islands of the Euphrates were also occupied by a settled 
population On the Cuphrates, beginning towards the 
north, we must mention first Zaitah or Zautha, south east 
of Curcesitum, next Corsothe, at the mouth of the Mascash, 
then Anatho or Anathan, the modern Ana, and finally 
Is (Hit) On the Tigris the pomt of most importance 18 
Carne (Kawa: of the Anabasis), south from the mouth of 
the Great Zab near the present Kal‘at Sherhat, and not 
far distant towards the intenor was Atre or Hatre, alse 
called Hatra, the chief town of the Arab tribe of the Atren 
It was besieged without success by Trajan and Severus, 
by the 4th century 1t was already destioyed, but the 
interesting ruins, which can scarcely be visited owing to 
the plundering habits of the Bedouins, still bear the name 
of El Hadhr ‘They he im the heart of the steppe, and 
were formerly well supplied with water 

All these districts came in 640 aD, or perhaps a little 
earlier, into the power of the Arabs, who named them 
Jerira (island) or Jeziret Ahur,! and divided them according 
to tiibes into three poitions, the land of Bekr, of Rebr‘a, 
and of Modhar The district of Modhar ran along the 
side of the Euphrates, and its chief towns were Orfa and 
Rakka, the distiict of Rebi‘a comprised the plain of 
Mosul as far as the count:y on the Khibu (chief towns 
Mosul and Nisibis), and the district of Behr (Diydr Behr)» 
the more mountaious country to the west of the upper 
Tigris (chief town Amid or Diarbckr) In general the 
Arabs consider a part of the mountain te111tories which he 
between the two rivers to belong to Jezira, as 1s best seen 
from the following notice given by Abulfeda — 

‘*T] Jezira 13 the land between the Tigtis 101 the Fuphrates, yet 
many places on the other silc of the Euy hiates which moperly 
belong to Syria are also meluded, as mall as } laces and even dis 
tricts on the east side of the ligus The eva t boundary line thus 
1uns fiom Malatiy by Sumeisit, Kal at er Rum (Rum Kala of the 
maps) and Bue (Bneph) to the pomt opposite Memby, and then 
by Bihs Er Rakka, Karkinya Er Rahabi (on mght bank), and 

it to Anbir Here the Euphrates ceascs to form the boundary, 
whi h 1uns acioss to the Tigiis in the duection of Teknt, and 
asxcenls the Tigiis as far as Es Sinn (Senna) to El Haditha and 
Mosul thence to Jezuet ibn Omar, then to Diarbekr, and so back to 
Malatia 

From the Arabic geographers and travellers we gain the 
impression that a great part of Mesopotamia, with the ex 
ception of the southern steppe of course, must at that time 
have been in a very flounshing condition, the neyghbourhood 
of Nisibis especially 13 celebrated as a very paradise In 
fact 1t 18 only since the Turkish conquest of the country 
under Sultan Selim in 1515 that 1t has turned into a desert 
and gradually lost its fertihty As the nomadic Arabs 
have continually extended their encroachments, agriculture 
has been forced to withdraw into the mountains, and this 
15 especially true of the western portions of Mesopotamia, 
the district of Rés‘atn, and the plain of Harran and Seru, 
where huge mounds give evidence that the whole country 
was once covered with towns and villages Under the 
Turks El Jezira does not form a political unity, but be- 
longs to different pashaliks 

From this brief survey it appears that Mesopotamia, hke 
Syria, constitutes an imtermediate territory between the « 
great eastern and western monarchies,—Syria inclining 
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} Philostratus (¢ 200 4D) already reports that the Arabs called 
Mesopotamia viicos : 
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more to the west, a.d Mesopotamia to the east In 
virtue of its position it frequently formed both the object 
and the scene of contest between the armies of those 
mighty monarchies, and 1¢ 1s wonderful how a country so 
often devastated almost always recovered The roads, 1t 18 
true, which traversed the territory were not mere military 
highways, but the main routes of traffic for Central Asia, 
Western Asia, and Europe It 1s only m modern times, 
and since these lines of commercial intercourse have 
ceased to be followed, that the general condition of things 
has been so entirely altered 

The number of roads which in ancient times traversed 
the country was very considerable , the Euphrates formed 
not a barrier but a bond between the nations on either 
side, at many places there were at least boat bridges 
(zeugma) across One of the most important of the 
éncient crossing places must be sought, where in fact 1t still 
exists, at Bireyik, the ancient Apamea Zeugma From this 
pot a great road led across Yo Edessa (Orfa), there it 
divided into two branches, the northern going by Amid 
(Diarbekr) and the other by Mardin and Nisibis to Mosul 
(Nineveh) In quite recent times, im order to avoid the 
direct route across the desert and through the midst of the 
Bedouins, tne post road makes a great circuit from Nisibis 
by Jezfret ibn “Omar to Mosul A second route crossed 
the Eupl rates somewhat more to the south, and joined the 
other wa Harran and Rhesena The principal crossing 
of the earher times (Aenophon) was at Thapsacus, almost 
opposite Rakka, and it will be remembered also how 
important a part Thapsacus (Tiphsah) plays in the Old 
Testament Sometimes a route along the Euphrates to 
Babyloma was followed, as 1s still frequently done by 
eaiavans at the present day, but even in ancient times 
this cowrse was attended by more or less difficulty, the 
country being occupied by the chiefs of independent 
Arab trmbes, with whom the travellers had to come to 
terms 

The ancient condition of things must consequently be 
considered as essentially analogous to that of the prescnt 
day , the central districts away from the rivers were occu 
pied at certain seasons, according as they yielded pasture, 
by nomadic cattle grazing tribes, the physical character of 
the country bemg then and now the same on the whole as 
that of the Syrian desert, which belongs not to Syria 
but properly to Arabia On the banks of the rivers were 
settled half nomadic Arab tribes,—tnibes, that 1s, which 
were more or less on thc way to the agricultural stage, or 
which, having become altogethe: agricultural, had never 
theless, owing to frequent intercourse with the Bedounns, 
lost little of their original character, and even maintamed 
their independence The same movement takes place over 
and over again Arab tribes migrating from Arabia, that 
afeerna gentium, gradually settle down wherever circum 
stances prove favourable, and by this very change in their 
mode of hfe make their first step towards civilization In 
this way oa continual stream of Arabs has flowed into 
the civilized countries of Mesopotamia On the Assyrian 
monuments are figures of Arabs riding on camels , evidently 
the Assyrians had carried on war against the Bedouins 
settled in their territory At an early period the Tai Arabs 
were the neignbours of the Aramzeans, and consequently all 
Arabs bear in Symac the name of Taydye The district 
between Mosul and Nisibis recerved the name Béth “Arbayé 
from its being occupied by Arabs These Tar Arabs, whose 
original home was- Central Arabia, are still settled partly 
near Nisibis and partly east of Mosul 
some extent lost their old noble Bedouin manners The 
wandering Arab trbe which at the present time 1s 
dominant in 
driven back 


but they have to | there it mses in petroleum wells 


egopotamia 1s the Shammar, they have (chél) Especially below Balis there are marl hills ca 
e Aneze, the most powerful tribe of the | gypsum, and alluvial ; las so called Aaits) of considerable extent 
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Syman desert It is only two or three generations ago 
that the Shammar came from Nejd, but they have already 
broken up into two great parties The head of the one 
division 1s Kerhan, who has more or less completely sub- 
mitted to the Turks, and has consequently obtamed the 
title of pasha , to him adhere the Shammar tribes between 
Mosul and Baghdad, and those also to the east of the Tigris 
The head of the tribes who roam over the greater part of 
Mesopotamia—pasturing their camels and sheep to the 
east of the Chaboras in the colder season and to the north 
in the hotter—is the chivalrous Fans These western 
tribes are totally independent of the Turkish Government, 
and have offered determined opposition to the attempts of 
the authorities at Dér to force them to a settled way of 
life, they still lay the peasant» of Mesopotamia under 
contribution by exact ng Khuwwe, “brother money, or a 
portion of grain The Shammar live in almost perpetual 
feud with their relations to the east, and especially with the 
Aneze on the Syrian bank of the Euphrates, the so called 
Shamiye Many other Bedouin tnbes mht here be 
mentioned , but 1t may be enough to name the Delcm on 
the Euphrates as an example of a tribe just in process of 
becoming agricultural] In the northern parts of Mesopo. 
tamia there are a number of tribes of mingled Kurds and 
Arabs which have toa greater or less degree abandoned 
their tents for fixed habitations and the tillage of the 
ground, such are the Beraziye near Orfa, the Mulliye 
between Orfa and Mardin, and the Kikiye nearer Mardin 
and also in the n-zhbourhood of Mosul It 15 cxtremely 
hard to obtain trustworthy statistical mformat on about 
the number of the Bedouins, the Shammar miy have a 
total strength of some 3500 tents In the difhcult contests 
which it has to carry on witn those independence-loving 
tribes, the Turkish Government acts in general on the 
principle detide et ampera 

The Kurdish element only appears sporadically im the 
true Mesopotamian plam , but the \ezidis, who form the 
population of the Sinjar ranze, may be referred to this 
stoch He who encounters thc uncanny figure of one of 
these people will hardly be able to1estiain a shyht shudder, 
especially if he ren cmbets the »11yhe desert tions of the 
Yezidi robbeis in Moriers dye fa Of the old Aramean 
peasantry there are no longer ai* important remains 1n the 
plain, the Arameans having withdrawn farther mto the 
kurdish hi.hlands, where, in spite of their wild Kurdish 
neighbouis, they are more «cure fiom exactions ot every 
hind The plain of the noithern country of the two mvers 
Was at one time mchly cultivated, and owed its prosperity 
to this industrious pro} k, who formerly played so distin 
guished a pait as a connecting lmk between the Petsians 
and the Roman empire ind ater wards between the Western 
and the Arabiin world and whose highest cultwe was 
developed in this vely 1t10n = Quite otherwise 1 1t now 
In the } lam there are almost no remams of the common 
Aramian tongue \j it from the scattered areas in which 
Kurdish prevails, the ordine1y language 1s a vulgar Arabic 
dialect , but both Kurdish and Aramvan (Syriac) have 
exercised an influence on the spetch of the Arb prasant 
Finally 1t must be mentioned that certamm Turcoman hordes 
roam about the Mesopotamian turitory 


In climate and im the chiracter of its soil as well as in its ethno 
graphic history Mesopotanna holis an intermediate po tin = In 
thisaspect also we must muntun the division into tw > quite distinct 
zones The southern half consists mainly of gry dreuy flats 
covered with selenite and gupsum every where ni thes 1t8 ippear ance 
a little below the sutlace litumen is not unfrequent al hei and 
In the solid stz ita of gvp um and 
mail the mvers have carved out valleys froma quuter ty halt 1 nnle 
broad and from £0 to 50 or even 100 tect deep which with ther arable 
soil contrast with the barren suriac cf the more eles euehpaehh 
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have been formed The banks of the nivers ore there ne] with a 
luxuriant growth of tamansks Occasionil swamps and small 
lasoons occur , and the marl shows a more or less mauked efflores 
cence of silt In this yart of the country frost 1s rare even in 
winter, in summer the hett 18 of extraordinary intensity, and 
duting the whole season from May to the close of October 1t 18 but 
slightly modift d by the m,htdews  Daimg the sand storms 
which ficquently How from the West Arabian desert, the temper? 
ture may ris to50 U (122° Fahr ), and this some excess of heat will 
then prevail thio 1h seven degices of latitude 1n the whole valley of 
the Fuphtat » ud Iigrts from the Persian Gulf to the foot of the 
mountuns kor considering the stionz radiition which tikes 
plaice over what 1s now the uniform surfwe of the Mesopotamian 
soil with its almost complete absence of evapoiation there 1s 
nothing to hinder this warm zone eatending in summer to the 
upj cr half of the country In wintcr, on the other hani this litter 
resion has quite a different climate 110m the mild cr.sts of the 
Medatananein the cold increases fiom west to east In the sputs 
of the Tamus c naquently the wintcrcold extends far to the south, 
and the mflu noc of the snow cover d midges spreads far into the 
Mesopotamian plam Snow and iec re thus not unfiequent im the 
higher part of tle plain ini the temy riturc muy fall as low as 
-10°C (14 Fahr ) especially af the coll n 1th win Is ate blowing 
That mland rion too 15 ut off fr m the influence of the mild ur 
of the Meditarim wm fy th 9 stringes Tor this retson the 
vegetation 1s of 11 south rm haracter than that of the Mediate 
rancan countti sim thes n Jititul In tle sprig the green 1s 
soon puchel out of avr tn In this way the northemn district 
of Mesoy otana com! ns str ng contr ists, and 18 a connectmy lin] 
between thc mountun r gion of western Asia and the desert ot 
Aiabia Onth oth rhand the country to the south of Mesopot um 
or Irth, has a warn climite anl towards the Persian Gulf idee | 
the heit reaches the mcatest ertre cs 

In Upper Mesopotimit strictly so called, agriculture has suffercd 
an e\triordinity decline im spite of excellent soil very httle of the 
land 1» tuincd to wcount In the western istrict thie fertile ret 
brown humus of the Oifs plain detive 1 from the lime of Nimmul 
Dist cvt nds t> out 12mies south of Hurm = With great 1 
runfill and an artih ial dastuibution of the water suchas existed 
mold ntim s aculture woull flounsh — If 5; rmg 11uns arc only 
mod iat ly luntint, wheit ni barley giow to a groit heiht 
anl vield fiom thuty to f ity foll hac 15 also giown im the richly 
witcrel hillen arcle 1 dist: t of Seruy and on the binks of the 
khabur Next mill t ind 5 samum ae the chuf cro} s—the 
latter buns g own for the suke f its ot as the olive does not 
succec lin thisr ton Lhe abun ince of wheat invy be e timated 
from the fi t thet luring Tay urls tes: lence in Mosul a crime! joa l 
of 480 1b wis worth fom smillings Duna (Hol us S$ rghum and 
H bio? ) Acntils yc se } ars an vetches are also grown as well 
as cotton, safl wr hemp anitobu o  Wedsengo satira fuimshes 
fodder tn horses = Am _ ng the fruits the most noteworthy are the 
cucuml ers, melons and water m lons 1 linted in ,reat abun dance 
on the banks of the smill r streams The figs of the Sinjir 
mountains are c lebrit d fo their exception. sweetuess Timi r 
trees are few i tic s ai white yoplais are planted along 
the streams anl 9 hind of willow and a sumach flomish on the 
banks of the Fuphates Th yalm trees which anpear on the 
banks of both the rivers futher south do not come so fu north 
On ac ount of the hot diy summer the oran_e loes not suerce | 
Of the zreat forest which existed (2) new Nisibis in the tim of 
Trajan no trace remuns Tut the slopes loth of the Masn» 
mountains and of the Jebel Abd cl Aziz, 1s well a3 more especi 
ally, those of the Sinjar range ate still covered with wood 

The wide treeless tracts of the low country of Wesopotamia are 
covercd with the same steppe sg tition which prevails from Central 
Asia to Algetia but there 1» an absence of 4 great many of the 
arborescent plants that grow im the ro hier and mote uregulir 
plateaus of western Asia and especially of Persia = Thiscomparntive 
poverty ani monotony of the Hori is putly due to the surface being 
mainly comy ove | of detiitus, and partly to the cultivation of the 
countiy in remot antiyuity navinz ousted the orinil vegetation 
and left behin Jit whit 1s 1eally only fallow giound untouched for 
thousands of yes Fn iless misses of tall weeds belonging toa few 
species cover the fa cofthe country ~larze Cruc fore Cyn tree on] 
Umbellifere dis, u ing the possession of the soil in company with 
extraordinary ‘beagle s of liquonce (Glycyrrhia globra an) 
echinata) as well as Lagony how rani the white ears of the J iperata 
In autumn the withered weels are t n up by the wind an] driven 
immense distances Among the aromatic plants which even 
Xenophon mentions in Mesopotimia the first place b longs to the 
species of wormvyood (Artemisia), which cover wide areas, and the 
second to Labvate, such as species of thyme and Salta which, how 
ever, become rarer in the low country With few exceptions there 
are none but cultivated trees, and these arc confined to the ungated 
distnets on the Euphrates and the Shitt a few willons a J rus, 
tamatioks, a Rhus, a .bus, on the hanks of the nvcrs ani the 
willow hike Populus euphiatica whi h grovs from Dzungsna to 
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Morocco, make up the list of the indigenous kinds In the wide 
belt ot swamp which lines the Shatt el Arab in th: low country of 
Irak Arabi there are boundless reachcs of gigantic sedge mhabited 
by a rich fauna, especially of birds such as pelicans and flamingoes 
Fiom the south, or 1n other words fiom the true desert and oasis 
country of Arabia, the date palm spreads up the valley to some 
little distance above Baghdad , and especially along the Shatt it 
yicids rich crops of fruit, which ate exported to India With the 
exception of a few truffles, capers, liquorice and such hike, there are 
few wild food plants lhe cycle of te,ctation begins in November 
The frst winter rains clothe the plun with vadure, and by the 
biginning of the year a number ot bulbous plants are in bloom— 
Anarylivdx, Lihacew, and Colchicum ‘The full summer develop- 
eae 1s leached in June, and by the end of August every thing 18 

wint up 

‘The hon 1s said to roam as far 1s the Khabur, bit in any case it 
1g at least much less frequent than m the tne of the Assynans, 
when the lion hunt was a recognized form of sport The wild asa 
too 18 very rare, but on the other hand wild swine, hye nas, Jackals, 
cheetalis, and foxes are extremely abundant Wolves arc said to 
exist 1n the plain, and among others a vaiiety of black woll (Cangs 
lycaon) Puticulaily numerous in the steppe ue the antelope 
spe ies, and herds of gazclles age fr quently mit with Be wers are 
said to have butn observed on the Euphrates Jci boas, moles, por- 
cupines and es ccrlly the common Emopein iit abound in the 
dest , bats ae numerous, and the long nied desert hue is also 
found Amon the domestic animals m this steppe countiy the 
camel holds the filst place and next come g nits and sheep but the 
Bedouin sheep 1s not the ordinary fit tuled variety The common 
buffalo 1s often hept by the Ai ibs an] ‘Turcomans on the Luphiates 
ind the ligiis and on the Luphiates we also find the Indian zebu, 
which 1s still more fie yuent mn the distiicts firth 1 to the south 
Bud life 1s ve1y 1are in the southern yarts of the plain, though 
on the Luphiat s there ate vultures, owls, ravens &« , a3 well is 
faluons (? Tinnun ulus alaudarius) which ae tiuned to hunt 
Among game buds we some kinds of doves, fiancolins, part 
ridg s, wild duchs and geese, and in the stey pe bustards The 
ostrich seems almost to have disappeared J ue tortoises are 
numeous 

In conclusion it 1s necessary im supplement to the aiticle Irak 
to say something of the district of BabyJonia often (thou h wrongly) 
inclu ted under the nime Mcsopotimia Here we have to do with 
4 fundamentilly diflaent region for 1t consists m th’ main of 
alluvial formations few scattered reaches of sind only now and 
then a} pearing 1n the level depression not fille Lup by the alluvium 
fhe mass of solid matte: which the rivers biinz lown and deposit 
1s very considerable it has been ascertinne) tlh it the maximum 
poy nition for the Cuphrates in the month { Tmuary 13 345, and 
it other times wig for th 7s the miminn is qty As 
regzuids the physical character of the alluvia in the most northerly 
portion the soil is I ita the pebhics consisting almost solely of 
viriously coloure | fiints and occasion 1 small fragments of gypsum 
This ty su cee led by a continuous formation of clayey soil, in part 
argillaceous and arzillo calcareous but covered with mould and 
san l, or the more tenacious clay of frequent inundations 

In general the northern plains of the interior have a shght 
but well defined southerly inclination with local depiessions Lhe 
terntory undulates in the central districts, and then sinks aw vy into 
mere marshes and Jakes = Lhe clu, of a deep blue colom, abounds 
with marine shells, and shows a stiong efflorescence of natron and 
ser salt, the latter duived from th<« decomposition of vezctable 
matter When the soil 1s parched up the appeiauce of the 
muage (serab) 13 very common As extensive inundations in 
ane ate caused by both the mers, especiilly the ignis, great 
alterations must have taken place in this part of the country 
in the course of thousands of yeirs It has becn asserted that in 
former times the alluvial area it the mouth of the mver mereased 
one mile in the space of thity years, and from this it has been 
assumed that about the 6th centuty Bc the Persian Gulf must 
have stretched from 45 to 55 miles futher mind than at prescnt 
The actual rate of increase at the present timc 13 about 72 feet per 
mnum For this 1eason we cannot deride mu h in regard to the 
former physical configuration of southern Bibvlomia butitisat least 
ceitaim that the Euphiates and the Ti.ns reached the se. as inde. 
penient rivers Ritter estimates tht im the time of Alexander the 
Great the embouchures were still separated by a good day s journey, 
and, though they cannot now be tiicel, greit alterations ha 6 
iobibly taken place in the upper portions of the rivers as well as 
in the countiy near the mouths Assvnologists tell us that more 
than thirty five canals are hnown by name fiom the Babylonian 
period, but it 1s extremely difhcult, or rather 1t has proved latherto 
impossible, to identify them «ther with those actually existing ore 
with those mentioned 1n classical authors, in the Babyloman 
Talmud, or in Arabian writers ‘10 the west of the Euphrates was 
to be tound the Pallacopas channel and we atill have the Hindiye 
channel in the same quarter The: oun between the rivers more 
particularly was travers:4 by such sccondary branches Befinning 
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from the Euphrates we must mention the Saklawiye channel (Nalir 
‘Isd), the Nahr Melik, the Nahr Zemberanije, and especially the 
Nahren Nil, constiucted by the famous Omayyad governor 
Hajj4}_ Eastwards fiom the Tigris strikes the great Nahrawan 
channel, and night through the countiy of the two rivers runs 
the Shott el Hai from Kut el Amara almost due south to the 
Euphratcs, pirallel with the Shatt el Kehr Many of these have 
been silted up, from thosc, however which ate still maintained 
thete 1s deiived a considerable revenue and by the rcsto1ation 
of many of the old channels, traces of which are met with at 
every step, the country might be agaim rais. 1 to that condition 
of high civilization which 1t enjoyed not only in anfiquity but 
partly even in the time of the later caliphs ‘Lhe classical writeis 
are Unanimous in therr admnation of this country, and it 15 at 
least certain that nowhere else in the whole would was the piinciple 
of the application of canals to the exigencies of agniculture worked 
out so successfully he most luxuriant vegetation was diflused 
over the whole country, and thiee crops were obtamable in the 
year It 1s this alone which makcs it intelligible how this 1czion 
in the most remote antiquity attuned a hi,h civilization, ind for 
‘centuris played, 1t may be said one of the principal yauts in the 
history of the wold In the matter of civilization, mdeed, no 
country of the ancicnt world wig its equal a multitude of net 
eities once flourished within its borders Even the Arabic wuiters 
are unanimous in 1egird to the eatremely favourable influence 
which the chaacter of the country exercised on the intellectual 
activity, spuit and capacity of its mhibitants We need not hue 
discuss the question recently started as to whether the Biblical 
gerven of Eden 15 to be sought in this locality two canals of the 
uphrates an 1 Tigi Leng identified with the Gihon and Pison of 
Gen un, but it 1s certain at leist that this lower country of the 
two rivers mizht well }1ss m antiquity for the ne plus ultra of 
eivilization, aud exerc sed the most powerful , olitical and intel 
lectual influence on the surrounding regions Lhe question often 
raised as to whether the Semites were derived fror: this distiict 
mij also be left untouched liom the Bible we hnow that an 
ancient nime cf the distiict was Shinar, though this has not 
hitherto been discovered in the cuneiform insciiptions The nane 
Kush 1s applied 1m the Bible to its oldest non Semitic inhalitints 
The northern half of the countiy was called Akhad, the southern 
Sumer But it must not be forgotten that the mveis never forme 1 
ethnogigphic and political boun Janes aud thus Sumer extended 
to the coast of the Persian Gulf and Akkad as fur as the Lower 7ab 
the eastcin affluent of the ligiis As a Jess ancient designation 
of the whole country may le rechoned mat Kulda the country of 
the Chaldvans (Hebi, evefs Aasdim) onginily Kalda 1 said to 
have designated centiil Bibylonia = Of still later date 1s the name 
derived from the cyntal, the country of Bibel (erets Babel), as an 
equi alent of which maé Babtia i ae in the cuneiform inscipti 13 
(in th Darius lists Bal tru 1om this was develope! the € ch 
designation Babylonia BafuAwmne (iseuly 19 nen hon) 1h tthe 
countiy wisdensely peopled may be githered fiom the fact that about 
704 Bc eighty nine fortified towns and eight hundred ani twenty 
smaller places im the Chaldean countiy woe captured dug one 
military expedition Of sepa ite distiicts of th country we may 
mention Kaduniash, the distri tin the v1 imty an lespucilly to the 
north of Bibylon, and southwarl by the ss oat the amportant 
country of Bit Yakin governed by hingsofitsown Ata later date 
we find on the coast ind at the mouth of the Pallacopis canal the 
maritime town of Teredon, which 1s also mentioned by the classical 
writers Besides Bibylon and Borsippa, the larger cities were the 
double city of Sippar (Sefarvavim, 2 hings vn 24 31) and Akhad 
on the left bank of the Euphi ites on the present Nahr Isa Fiech, 
sé, Watha, on the left bank of the Euphiatts Uron the Palla 
copas, not fir from the place where the Shatt el Hat falls ito the 
Tigris , Nippur, 2 ¢, Tell Niff, Autha (2 Kings xv 24) halne 
(Gen x 10), m the noith, Opis at the junction of the Adhem 
(Physcus) with the Tigiis Huge mounds give evidence of the 
extent of these cities A number of the canals were navigable, 
and at the s\me time, when the bridges were destroyed, they 
formed defensive moats against the incursion of enemies from the 
north And the same purpose was seived by the great wall (after 
wards the Median Wall of the Greeks) which ran actoss the country 
from mver to river be ween the points of thar nearest approach 
Dunug the peviod of Greek domimation a Greek city, Seleucia, 
which afterwards attuned great prospenty, was founded by 
Seleucus I in an ertiemely ferouiable situation on the nght bank 
ofthe Tigns In the south of the country, too, there was a Greek 
seaport towr first called Alexandia on the Jizus and aftervards 
Antiochia After the conquest of Babylon by the Parthians 
ee BC) a small Arabian kingdom grew up in those parts called 
haracene or Mesene, afte: the town of Charn o: Marsan It was 
under Parthian and for a time under Roman supremacy ‘The city 
of Vologeua, founded by Volo.eses to the south west of Babylon, 
near Ullais, in the ncighbourhood of the later hufa, was one of the 
capitgis of theeParthian power In the time of the Sasamids, too, 
as well as im that of the Parthians, the country of the lower 
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Euphrates and Tigns play ed a leading part , 1t formed im fact the 
main centre of the Persian kingdom The city of Ctesiphon, 
founded by the Greeks on the east side of the Tigns opposite 
Seleucia, was the winter residence ot the Parthian kings, and the 
imperial capital of the Sasanids Under the nume of Madain 
(Lhe Cities) 1¢ continued to flourish till the rise of Baghdad in the 
9th century The neishbourhood cf Ctesiphon wis called in the 
time of the Sasanids Sunstan, a translation of the Aram can desig 
nation Beth Aramaye, ‘country of the Synans,’ for the lid was 
mainly occupied by Arameans J) a notable substitution the 
Arabs afterwards gave the name Nabat 21¢, Nabateeans, to these 
Aramaan peasantry, who, 1may be added, were already found in 
these paits at the time of the eye loniam empire 

On the west side of the [isis the Arab kingiom of Hira formed 
the bulwark of the Sasamd power As the result mamly of the 
battle of Kadisiya (cast of Hira) in 685 ap, the whole of thus 
wealthy country fell into the hands of the Moslems and it soon con 
stitutel the centie of thur power, especially when the Abbisids, 
with true Palate insight transfericd thither the cayital of the 
empne and founded Baghdad The chief cities of the older Aratie 
period were Kufa (in the neighbomhood of the earlier Hira to the 
south of ancient Bibylon) and Basra (or Bussoran, g2) m the 
neighbourhood of the ealier Maisan After these two cities the 
countiy was diviled into the Sawal “‘1ich arable district of 
Basra and that of kufa Sawad wis also employed as 1 namie for 
the whole country , and more or less identical with this desi.na 
tion 18 the name Iiokstill in use Sometimes also the term Saw ad 
el Irikis employed but ata late: date the country 13 distinguished 
as Irik Artbi (Arabian Irak) fiom the Persiin ‘Irak Ajemi to the 
east, the ancient Media ‘The Arabian geographer }ahut makes the 
distinction that the country called Sawad reaches farther to the 
notth (v7, to the district of tle Up er Zxb) 

Abulfeda gives the boundanies of hak as follows —‘‘In the west 
of the country he L) Jezira and the desert, in the south the desert, 
the Persian Gulf, and khuzistan, m the east the mountain country 
as far as Holwm (near the jrimcizal piss through the Zigru. 
ran,t) Thence the boundary 1uns again towards Mesopotamia 
‘Lhus the greatest breadth of Ihak 15 1n the north, and its narrow 
extrennity 1s formed by the island Abbadan m the Shatt el Arak 
(the umted I uj hrites and Tigiis) to the south of Basra = From 
what has been said 1t ay) peus that Irak extended fir beyond the 
country between Euj hates and Tigns Abulfeda s1ys clearly that 
Th ik hes on the Tigns as Fgvpt on the Nile , for according to thi 
view the Tigns flows through the middle of the country — [rah 
ee lies between 30° and 34° 30 N lat and between 44 
and 48° 30 Ek long of its arca 1t 1s mpossiule to form an estimate 
under such varying conditions For some detatls sec Bacup ib 

from the union of the rivers upwards, in the case of the Luy hrate 
a3 {ar as 26° N Jat (above Rahha), in that of the Tigns to 85° \ 
lat , the valleysaie hnown ase .o7 thedepression, in op, osition tc 
the morc elevated eseit plateau It has been surmised that im th 
name 18 to Le recogmzei the Dura of the Old Testament (Danie 
mn 1) 

Very little of the ancient con lition of the country has becn yre 
served , and there are now but tuw remains of anuent builuings 
scaicity of stone havin, all along Jed to the use of biuichs = Jz 
his played its part it is only by the expenditure of immens 
sums, far beyond the financial capacity of the Turkish Govern 
ment, that the ancient canals could be restored and the swam] 
formed by them diaine! The whole land falls into two unequ? 
poitions —an «rtensive drv steppe with at any rate a hedthy 
desert climate, and an unhealthy region of snamps There 15 ¢ 
good deal more a,.xulture along the Enphrates than along th 
Tigits , but ewamps, with almost impenetral le reed thickets com 
poscd of a kind of Agrostis, are at the same time much more exten 
sive ‘The slightly more elevated districts are the special habita 
of the date palm, which by itself forms dense groves bordering the 
banks particularly on the lower Fuphrites, for 1 di tance of severa. 
days journey This part of the country consequently has a some 
What monotonous but in its own way imposing aspect =A luwu 
nant vegetation of water plants 1s to be found in the swamps 
which are the haunt of numerous wild beasts—wild swine lions 
different kinds of aquatic animals and birds ‘lhe swamps an 
inhabited by a wild race of men, dark of hue with many negroe 
amongst them They live in reed huts, and cultivate rice anc 
they weave straw mats In the main they heep pretty free both o 
the Turkish Government and of the sem: Bedouins and Bedouins o 
‘Irak The Khazae] especially who dwell to the south of ancient 
Babylon often give the Government trouble, through their passiar 
fo. mdependence Less turbulnt ate the Bedowins in the inten! 
of the country —the Zobeid, the Afa:, and the Abu Muhammed , but 
on the other hand the Ben: Lam (7400 tents strong) who acon, the 

reat tract of country east of the Tigris to the south of Baghdad 
ave olten ren a source of great annoyance to the pashas of thal 
city A still mote difficult tesh 13 the management of the Sham 
mar, who come and pitch their tents to the south east of Baghdad 
and also the Muntehtch on the so thern Fuphrates put the whole ad 
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ministrative and diplomatic skill} of the Turkish officials to the test 
The lurkish influence has here made at one time great advance 
and at another lost all the ground it had gamed,—the meh and 
powerful sherkhs of the Munt« fitch sometimes becoming for a season 
rulers over the whole of Southern Irak ani even over the town of 
Basra The present writcr once visited the great sheikh Nasir in 
his camp near Suk esl Shiyukh , and he received the impression 
of having to do with a very remarkable and astute personage 

The old Syt1an population of Irak has almost entuely dis 
appeared, the few remnants Icft are distinguished by 4 special 
religion m 1¢,cud to which see the article Manpz4n> Ethno 
graphically the country 1s subject to a double influence On the 
onc hinl the ounexton with Nejd, the central plateau of Arabia, 
continucs uninterrupted the enngiation from that region being 
mun); dnected tow uds tak and Jezirr In Baghdad even the 
Agel Bedouins trom Cential Arabia have a quatcr of their own 
With the earnings obtamed in these 11ch districts the emigrants 
return to their homes But quite as stiong at least 1» the influ 
ence of Persia = Parsiin customs are in fishion im Baghdad 
there 1s an unpoitant Persiin quater and hertela and Meshed 
‘Ah to the west of the Juphrates mav be considered regular 
Persian ‘ enclaves In these y Jaccs ue buted the son im law of 
Mohammed the ciiph 4h md his son H sein (in herbela) the 
chef sunts of the Shntc sect and then t mls a e not only shrincs 
of pilgiimage to the hy ng but the derl are brought by countless 
carwans from Pesia to be bund in ground which they have made 
holy Lhe ucighhbouthood of herbcly reeks with the odour of 
corpses anl fron the mi lst of them p stilence has often begun its 
march  Thiou,h ut the whok of [vik the Shutes hive many ad 
hetents,—for «vamp! =the Ahwiel alrevly mentioned Persian 
influence p1evuls on the Arab j opulati n of Imk and the inter 
mingling of the ries can still be very clearly triced , m this dis 
tant comer of the Turkish emy ire a more international tone prevatls 
than m anv othe distiuct And however small when compared 
with forme: timcs the commercial and intellectual imtercourse of 
var ous nitions in these regions may be at the present day, the 
attentive olserver must notice that such mtercourse does still 
exist though within restricted limits No trace, indeed 1s to be 
found of that 1ich intcllectual devclopment which was produced 
in the time of the calyj hs through the reciprocal action of Persian 
and Arabic elements Stall the quickwittedness of the mhabitants 
of I1ik makes a decided impression on the traveller passing through 
Asiatic Tukey and one might ventuie to prophesy that the 
country might to some extent recover its former position in the 
world, especiilly if I nghsh influence from India were more widely 
cxtended, and should lead to the construction of a rulway The 
trade which passes thiough Irik 1s even now not unimportant , 
horses for example are ¢expoitel in consi lerable numbers fiom 
southern Irak to India out 1 mht be very much improved as 
the country, it 1s said, could sup; ort hye hundred times as many 
mhabitants as it actually contuns There 1s also a considerable 
export of dates a frit which forms the chief sustenance of a great 
number of the inhabitants and the bieeding of cattle (especially 
buffaloes) ts extensively carned on Only a few steamboats as yet 
navigate the majestic 111035 Communication by water 1s carnied 
on by means of the most }rimitive crift Goods are transported 
in the socalled ‘‘terrades moderitely Ing high built vessels 
which also venture out into the Persian Guif as far as Kuwet 
Passengers are conveyed espcally on the Euphrites, in the 
meshhiif, a very long and narrow boat mostly pushed along the 
rivet bank with poles The Mesopotamian Kelleke —rofts lard 
on goatshin bladders—come down 1s far as Bighdad where rouni 
boats made of plaited reeds pitched with asphalt arc in use At 
Basra, on the other hand, we see the ‘ belem, borts of a large 
size, having the appearance of bemg hollowed ont of tree trunks 
and partly in fact so constructed Throughout Irik in general 
Indian influence 1s partailly at work , in the hot summer months 
for instance, when the nities live in un Jerground apartments 
(serdab), the Indian punkah is used in the houses of the mch As 
regards language, the local Arabic dialect has evidently been 
affected on the one hand by Persian, on the other by the Bcdoumn 
forms of speech 
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MESSENE, the chief city of Messeni-, founded, under 
the auspices of Epamiondas, as a bulwark agamst the 
Spartans After the battle of Leuctra that geneial sent 
to all the exiled Messenians,—1n Africa, Sicily, or Italy,— 
and invited them to return to the land of their fathers 
Many came with eagerness, and in 369 Bc the city was 
built by the combined army of Thebans under Epaminondas 
and Argives under Epiteles, assisted by the Messenians 
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themselves The site was chosen m conformity with 
vision which appeared to Epamimondas, and the walls 
were raised to the sound of flutes playmg the airs of 
Sacadas and Pronomus The citadel was erected on 
the summit of Mount Ithome, and the city on its southern 
slope and in the adjoming valley City and citadel were 
enclosed by a wall 47 stadia in length Near the centre 
of the city was the agora, with a famous spring called 
Arsinoe, and various temples and statues, among the latter 
an iron statue of Epaminondas The Hierothysion con- 
tained many statues of gods and heroes, among them a 
bronze statue of Epaminondas In the gymnasium were 
statues of Hermes, Hercules, and Theseus by Egyptian 
artists In the stadium was a bronze statue of the great 
hero Aristomenes, who had a sepulchral monument else- 
where in the city On the summit of the citadel was a 
famous spring called Clepsydra, and near it a temple of 
Zeus Ithomatas, with a statue by the famous Argive artist 
Ageladas, executed originally for the Messenian Helots 
who settled in Naupactus (see Messenra) It was in 
honour of this statue that the festival of the Ithomea was 
performed 

The situation ot Vessene 1s one of the finest and most 
romantic in the world The view of Mount Ithome, with 
its level summit and its ancient and medieval ruins, as 
one issues from the Langadha Pass in the Taygetus 
mountains, 15 beautiful beyond description And the 
view from the summit of the mountain 1tself, which mses, 
steep and rugged, to the height of 2631 feet, and 1s 
crowned by the ruins of fortifications of Cyclopean work- 
manship, 1s enchanting, hardly equalled by any other in 
Greece Near the middle of the ruins of the lower city 
stands a wretched village named Mavrommati (Black Eye), 
so called from the Turkish name of the spring Arsinoe, 
which still flows as plentifully as nm the old days These 
ruins are the most unposing in Greece, and furnish the 
finest existing specimen of Hellenic military architecture 
Almost the entire cucuit of the ancient walls can be traced, 
and in some places they are standing to their full height 
They are built of large hewn stones laid in beautifully 
regular layers without mortar, and are surmounted by 
towers, of which there seem to have been originally over 
thirty Seven of these are still in a good state of preser 
vation, and bear testimony to the thoroughness of the great 
enterprise undertaken by Epaminondas Two gates can 
still be distin,wished, one on the slope of Mount Ithome, 
the other (the northern or Megalopolis gate) on the north 
side The latter 1s a dipylon or double gate, opening into 
a circular enclosure 62 feet in diameter The walls of 
this enclosure are built with extreme care, and the sofht 
stone of the inner portal, which has been partly moved 
from its place, reminds one of the lintel of the so-called 
treasury of Atreus at Mycene Itis 18 ft 8 in x4 ft 2 
in x2 ft 10 1m Within the town several ancient sites 
can still be distinguished—the stadium, the theatre, and 
several temples 

MESSENTIA (in Homer Messene), a state of Greece, and 
the most westerly of the three peninsulas of the Pelopon- 
nesus Its area 1s a little over 1160 square mies It 38 
separated from Ehs and Arcadia on the north by the mver 
Neda and the Nomian mountains, and from Laconia on the 
east by the lofty range of Taygetus The other sides are 
washed by the sea, which indents its shores with four gulfs 
or bays,—Messenta, Pheenicus, Pylus, and Cyparissus On 
its south west corner are the CEnusse Islands, and oppo- 
site the bay of Pylus (Navarino) the famous Sphactena. 
The imtenor 18 divided by mountain chains into fertile 
plains, watered by rivers, the chief of which 1s the Pamisus 
(with its tributaries Leucasia, Charadrus, Amphitus, and 
Aris), falling into the Messeman Gulf. The great valley 


MES—MES 


of this mver 18 dividea, vear Mount Ithoine, into two 
distinct parts, the pla or basin of Stenyclarus on the 
north, and the plain of Macana, so called from its extreme 
fertility, on the south The climate 1s delightful 

The earliest inhabitants of Messema were Leleges, whose 
capital wasat Andamia After these came /Etolians, whose 
chief centre was at Pylus After the Doman conquest the 
country was divided by Cresphontes into five parts, whose 
chief cities were respectively Stenyclarus, Pylus, Rhion, 
Hyamia, and Mesola The towns of Messenia were not 
numerous Homer mentions Pylus (the seat of the 
Thessalian Neleids), Amphigeneia (possibly the same as 
Ampheia), Dorion, peia (possibly Methone), CEchaha, 
Phare, Anthea (probably the later Thuria), Pedasus, and 
Ira (the later Abia) Other important towns were Asine, 
Corone, Limnex, Carnasium, Cyparissia, and, finally, 
Messene 


Of the history of Messenia before the Doman invasion little 1s 
known except a few fables related gy Pausanias ‘lwo generations 
after the Trojan war, the country was invaded by the Domans who 
expelled the NeJeids and confei1ed the sovereignty upon Cresphontes 
who seems to have been a popula: hing Perha bs for this 1¢ on 
he was put to death by the clucfs along with all his sons ex 1t 
fipytus Epytus was restored to the throne by the Arcadiis 
tooh bd oe for his fathers deith and became very popu a1 
Mis line lasted through several generations We hnow hitle of the 
subsequent history of Messenia until the date of the Messenian wars, 

against § The ostensible and immediate causes of these 
wars are vallously assigned but the true cause was the cuyi lity of 
Sparta Our chief trustworthy authoity tor the history of them 
1s the old elegiac poet Tyrteus , but so little 15 hnown about them 
that 1¢ 18 a matter of doubt m which of them the gieat hero 
Auistomenes won his fame ‘The date of the tnst was from 743 to 
724, of the second from 685 to 668 01 accoiding to others fiom 
648 to 631 BC Ithome was the centic of action 1 the frst Eira 
in the second The rcsult of these wars was the complete subjuga 
tion of Messenia to Sparti _ Its territory was parcelled out among 
Spartang, and its towns handed over to Perici and Helot) Many 
of the inhabitants took refuge im Arcadia, but still move in Ital 
and Sicily A very large numbei settled in Rhegium whose chiefs 
for many generations were of Mcsseman stoch About 200,000 
remained behind in hondage Atte: the secon1 wat 2 large number 
of Messemians settled on the Sicihan coast at Zanch ‘hich they 
subsequently gave the name Messana (see Missi =n 464. BC 
the Messeman Helots taking ads anta_¢ of an earthquake at Sparta, 
revolted, and thongh they were finally compelled to sunender im 
455, they did so only on condition cf Lem allowed to 1etare to 
Naupactus on the Counthian Gulf This city had becn offered them 
as a residence by the Athemans evei glad to favour the foes of 


Spaita Here the Mcssenians remained for sixty years until the - 


loss of tho bittle of Lgospotami de 1ived them of the motection of 
the Athenians They were then diivcn out an! had to find homes 
in ea and Zacynthus, or among their hinsmen 1n eee 
and Messana Some even went to Atiica, and took up then abode 
at a a or Hesperide, afterwards called Berenice Things 
remaimed in this condition uutil 869 Bc, when Epaminondas, 
having broken the power of Sparta rent fiom hei Messenia and, 
collecting from all quarters the dexendants of the culed mhabit 

ants, helped them to found the city of Mrssrxr (q2) Sparta 
hever gave up her claim to Messena, ind mac many attempts to 
reconquer it, but without success The Mcssemans mamtained 
their independence until 146 B« , when, with the A4chaans the 
were reduced under the power of Rome Fiom that tame they fi 
into the background of history In the Middle Agus the country, 
like the rest of tho Peloponnesus, was largely overrun by Slavic 
tribes, as 13 shown by the numerous Slavic local names occuriing in 
it At the establishment of Grecce as a kingdom, Messenia was 
constituted into a province with a goveinot or nomaich residing at 
halamata (officially Aolamai) the ancient Phare The country, 
though beautiful and fertile as still 11. deploy backward con 
lition, and the population 15 spars. and sem larbuous Agneul 
uro languishes, and the 10ads and bridges a1 few and bad More 
leeds of violence occur in Messemia than in ans otha part of Greece 

With the exception of Kalamata, 1t contains no town of importance 

Nayvanino, on the Gulf of Pylus, was the s ene of the destruction of 
the Tw fleet in 1827. 


MESSIAH (Dan. x 25, 26), Virssris (John 1 41, 
iv 25), are transcriptions (the fitst foim modified by 
reference to the etymology) of the Giceh Mecovas 
(Mecias, Meoeéas), which in turn represents the Aramaic 
RTE (mesithd), answering to the Hebiow frevpn, “the 
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anointed”! The Hebrew word with the article prefixed 
occurs im the Old Testament only in the phrase ‘the 
anointed priest’ (Lev iv 3, 5, 16, vt 22 (15]), but 
“Jehovah’s anointed 1s a common title of the king of 
Israel, applied in the historical books to Saul and David, 
in Lam tiv 20 to Zedekiah, and in Isa xlv 1 extended 
to Cyrus In the Psalms corresponding phrases (My, Thy, 
His anointed)? occur nine times, to which may be added 
the lyrical passages 1 Sam u 10, Hab m 13 = In the 
intention of the writers of these hymns there can generally 
be no doubt that it refers to the king then on the throne, 
or, 10 hymns of more general and timeless character, to 
the Davidic king as such (without personal reference to 
one king) ,® but in the Psalms the ideal aspect of the 
kingship, 1ts religious importance as the expression and 
organ of Jehovah’s sovereignty, 1s prominent When the 
Psalter became a liturgical book the historical kingship 
had gone by, and the idea alone remained, no longei as the 
interpretation of a present political fact, but a» part of 
Israel’s relgious inheritance It was impossible, however, 
to think that a true idea had become obsolete merely 
because it found no expression on earth for the time Leng , 
Israel looked again for an anomted king to whom the 
words of the sacred hymns should apply with a force never 
realized in the umperfect kingship of the past Thus the 
psalms, especially such psalms as the second, were neces 
sanly viewed as prophetic, and meantime, m accordance 
with the common Hebrew representation of ideal things as 
existing in heaven, the true king remains hidden with God 
The step» by which this result was reached must, however, 
be considered in detail 

The hope of the advent of an ideal king wa» only one 
feature of that larger hope of the salvation of Israel from all 
evils, the realization of perfect reconcilation with Jehovah, 
and the felicity of the righteous un Him, in a new crd 1 of 
things free from the assaults of hostile nations and the 
troubling of the wicked within the Hebrew community, 
which was constantly held forth by all the prophets, trom 
the time when the great seers of the sth century Bc fint 
proclaimed that the true conccption of Jehovah» relation 
to His people was altogether different from what was 
realized, or even aimed at, by the recognized civil and 
religious leaders of the two Hebrew kingdoms, and that it 
could become a practical reahty only through a great 
deliverance following a sifting judgment of the most 
terrible hind The idea of a judgment so severe as to 
render possible an entire breach with the guilty past, and 
of a subsequent complete realization of Jehovah s kingship 
mm & regenerate nation, 1» common to all the prophets, but 
1s expressed in a great variety of forms and images con 
ditioned by the present situation and needs of Israel at the 
time when each prophet spoke As a rule the prophets 
directly connect the final restoration with the removal of 
the sins of their own age, and with the accomplishment of 
such a work of judgment as hes within their own horizon, 
to Isaiah the last troubles are those of Assyman mvasion, 
to Jeremah the restoration follows on the exile to Babylon 
Daniel connects the future glory with the overthrow of the 
Greek monarchy The details of the prophetic pictures 
show a corresponding variation, but all agree in giving the 
central place to the realization of a real effective Lingshy 
of Jehovah , in fact the conception ot the religious subject 


1 The transcription 15 as in Tercoup, Tecaip fir YU, Onomastica, 
ed Lag, pp 247 281, Bas Bu 8 For the termination ey 01 
NM, see Lagarde, Pealf Memph , p vu 

4 The plural 1s found in Psalm cy 15, of the patnarchs as conse 
crated persons 

¥ In Ps Ixxmv 9 [10] 1¢ 18 daspnted whether the anomted one u 
the king, the pnest, or the nation as a whole The second visw fy 
perhaps the best 
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as the nation of Israel, with a national organization under 
Jehovah as king, 1s common to the whole Old Testament, 
and forms the bond that connects prophecy proper with 
tle so-called Messianic psalms and simular passages which 
taeologians call typical, 1¢, with such passages as speak 
of the religious relations of the Hebrew commonwealth, 
the religious meaning of national institutions, and so 
necessarily contam ideal elements reaching beyond the 
empirical present All such passages are frequently called 
Mcssianic, but the term 1s more properly reserved as 
the specific designation of one particular brinch of the 
Hebrew hope of salvation, which, beccming promient in 
post canonical Judaism, used the name of the Messiah as 
a technical term (which 1t never 1s in the Old Testament), 
and exercised a great influence on New Testament thought, 
—the term “the Christ (6 xpurros) being itself nothing 
more than the translation of “the Messiah ’ 

In the period of the Hebrew monarchy the thought that 
Jchovah 1 the divine king of Israel was associated with the 
conception that the human king reigns by night only if he 
reigns by commission or “unction” from Him Such was 
the theory of the kmgslip in Ephraum as well as n Judah 
(Deut xxx , 2 Kings 1x 6), tall in the decadence of the 
noithern state Amos (ix 11) foretold the redintegration of 
the Davidic kingdom, and Hosea (iu 5, vin 4) expressly 
associated a simular prediction with the condemnation of the 
kingship of Ephraim as legitimate So the great Judzan 
prophets of the Sth century connect the salvation of Israel 
with the rise of a Davidic king, full of Jehovah s Spirit, in 
whom all the ener zies of Jehovah s transcendental kingship 
ale as it were incarnate (Isa 1x 6sq , x1 1 sq , Micahv) 
This conception, however, 13 not one of the constant 
elements of prophecy , indeed the later prophecies of Isaiah 
take a different shape, looking for the decisive interposition 
of Jehovah in the crisis of history without the instru 
mentality of a kingly deliverer Jeremiah again speaks 
of the future David or righteous sprout of Davids stem 
(xusin 5 sq sxx 9) and Fzekiel uses similar language 
(saxiv, xxxvul), but that such passages do not necessarily 
nean more thin that the Davidic dynasty shall be con 
tinued in the time ot restoration under a series of worthy 
princes seems clear from the way m which Ezekiel speaks 
of the prince in chaps xlv,alvi As yet we have no fixed 
doctrine of a personal Messiah, but only material from 
which such 1 doctrine might by and by be drawn The 
1cligious view of the kingship 1s still essentially the same 
as in 2Sam vu, where the endless duration of the Davidic 
dynasty 1s set foith as part of Jehovahs plan of grace to 
His nation 

There are othe: parts of the Old Testament—notably 
1 Sam vu, xu —in which the very existence of a human 
kingship 1s represented as a depaiture from the ideal of a 
perfect theocracy nd so, in and after the exile, when 
the monarchy had come to an end, we find pictures of the 
litter days mn which it» restoration has no place Such is 
the great prophecy of Isa xl-—Ixvi, in which Cyrus 1s the 
snointed of Jehovah, and the grace promised to David 1s 
transferred to ideal Israel (“the servant of Jehovah ) as a 
whole (Isa lv 3) So too there is no allusion toa human 
kingship in Joel or in Malach: the old forms of the 
Hebrew state were broken, and religious hopes expressed 
themselves m other shapes! “In the book of Daniel it 1s 
collective Israel that appears under the symbol of a “son 
of man,” and receives the kingdom (vu 13, 18, 22, 27) 

Meantime, however, the decay and ultimate silence of the 
living prophetic word concurred with the prolonged 
political servitude of the nation to produce a mos* 

1 The hopes which Haggai and Zechariah connect with the name of 


Zerubbabel, a descendant of David, hardly form an exception to this 
statement 
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important change in the type of the Hebrew religion. 
The prophets had never sought to add to the religious 
unity of their teaching unity im the pictomal form m 
which from time to time they depicted the final judgment 
and future glory For this there was a religious reason. 
To them the kingship of Jehovah was not a mere ideal, 
but an actual reality Its full manifestation indeed, to the 
eye of sense and to the unbelieving world, lay im the 
future, but true faith found a present stay im the 
sovereignty of Jehovah, daily exhibited in providence and 
interpreted to each generation by the voice of the prophets. 
And, while Jehovah s kingship was a living and present fact, 
it refused to be formulated in fixed invariable shape But 
when the prophets ceased and their place was taken by the 
scribes, the interpreters of the written word, when at the 
same time the yoke of foreign oppressors rested continually 
on the land, Israel no longer felt itself a ving nation, and 
Jehovah’s kingship, which presupposed a living nation, 
found not even the most madequate expression in daily 
political hfe Jehovah was still the lawgiver of Israel, but 
His law was written in a book, and He was not present to 
administer 1t He was still the hope of Israel, but the 
hope was all dissevered from the present , 1t too was to be 
read in books, and these were interpreted of a future 
which was no longer, as it had been to the prophets, 
the ideal development of forces already at work in Israel, 
but wholly new and supernatural The present was a 
blank, m which religious duty was summed up in patient 
obedience to the law and penitent submission to the Divine 
chastisements , the living realities of divine grace were 
but memories of the past, or visions of “the world to 
come’ The scribes, who im this period took the place of 
the prophets as the leaders of religious thought, were 
manly busied with the law, but no religion can subsist on 
mere lan and the systematization of the prophetic hopes, 
and of those more ideal parts of the other sacred hterature 
which, because ideal and dissevered from the present, were 
now set on one line with the prophecies, went on side by 
side with the systematization of the lan, by means of a 
harmonistic exegesis, which sought to gather up every 
prophetic mage in one grand panorama of the issues of 
Israels and the worlds history The begimnings of this 
process can probably be traced within the canon itself, in 
the book of Joel and the last chapters of Zechariah ,* and, 
if this be so, we see from Zech 1x that the picture of the 
idcal king early claimed a place in such constructions 
The full development of the method belong , however, to 
the post canonical literature, and was naturally much less 
regular and rapid than the growth of the legal traditions 
of the scribes The attempt to form a schematic escha 
tology left so much room for the play of individual fancy 
that its results could not quickly take fixed dogmatic 
shape , and it did not appeal to all minds alike or equally 
atalltimes It was in crises of national anguish that men 
turned most eageily to the prophecies, and sought to con 
stiue their teachings a» @ promise of speedy deliverance in 
such elaborate schemes of the incoming of the future glory 
as fill the Aporatypric LirzRaTuRE (gv) But these 
books, however influential, had no public authority, and 
when the yoke of oppression was lightened but a little 
their enthusiasm lost much of 1ts contagious power It 1s 
not therefore safe to measure the general growth of 
eschatological doctrine by the apocalyptic books, of which 
Daniel alone attained a canonical position In the 
Apocrypha eschatology has a very small place, but there 
is enough to show that the hope of Israel was never 
forgotten, and that the imagery of the prophets had 

* See Jozz, vol xm p 706, and Stade s articles “Deuterozacharya,” 


Z f ATlche Wiss , 1881-82 Compare Dan 1x 2 fer the aso of the 
older prophecies in the solution of new problems of fatth : 
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moulded that hope into certain fixed forms which were | 


taken with a literalness not contemplated by the prophets 
themselves It was, however, only very gradually that 
the figure and name of the Messiah acquired the pro- 
minence which they have in later Jewish doctrine of the 
last things and in the official exegesis of the Targums In 
the very developed eschatology of Damiel they are, as we 
have seen, altogether wanting, and mm the Apocrypha, both 
before and after the Maccabee revival, the everlasting 
throne of Davids house 1s 2 mere historical reminiscence 
(Sirach xlvu 11, 1 Mac u 57) So long as the wars of 
independence worthily occupied the energies of the Pales- 
tinian Jews, and the Hasmonzan sovereignty promised a 
measure of independence and felicity under the law, in 
which the people were ready to acquiesce, at least, till the 
rise of a new prophet (1 Mac xiv 41), the hope that con 
nected itself with the house of David was not hkely to mse 
to fresh life, especially as a considerable proportion of the 
not very numerous passages @f Scmpture which speak 
of the ideal king might with a hittle straming be applied 
to the rising star of the new dynasty (comp the language 
of 1 Mac xiv 4-15) It 1s only m Alexandria, where 
the Jews were still subject to the yoke of the Gentile, 
that at this time (c 140 Bc) we find the oldest Sibylline 
verses (11 652 sg) proclaiming the approach of the 
righteous king whom God shall raise up from the East 
(Isa xl 2) to establish peace on earth and maugurate the 
sovereignty of the prophets in a regenerate world The 
name Messiah 1s still lacking, and the central pomt of the 
prophecy 1s not the reign of the deliverer but the subjec 
tion of all nations to the law and the temple ! 

With the growing weakness and corruption of the 
Pasmonzan princes, and the alienation of a large part of 
the natiqn from their cause, the hope of a better kingship 
begins to appear in Judea also, at first darkly shadowed 
forth in the Book of Enoch (chap xc), where the white 
steer, the future leader of Gods herd after the deliverance 
from the heathen, stands in a certain contiast to the in 
adequate sovereignty of the actual dynasty (the horned 
lambs) , and then much more clearly, and for the first time 
with use of the name Messiah, wn the Psalter of Solomon, 
the chief document of the protest of Pharisaism against its 
enemies the later Hasmonrans The struggle between the 
Pharisees and Sadducees, between the party of the scribes 
and the party of the Hasmonwan anstocracy, has been 
described in Isrart (vol xm p 423 97) It was a 
struggle for mastery between a secularized hierarchy on 
the one hand, to whom the theocracy was only a name, and 
whose whole interests were those of their own selfish politics, 
and on the othe: hand a party to which God and the law 
were all in all, and whose influence depended on the main 
tenance of the doctrine that the exact fulfilling of the law 
according to the precepts of the scribes was the absorbing 
vocation of Israel his doctrme had grown up im the 
political nullity of Judea unde: Persian and Grecian rule, 
and no government that possessed or aimed at political 
independence could possibly show constant deference to 
the punctilios of theschoolmen The Phansees themselves 
could not but see that ther principles were politically 
impotent, the most scrupulous observance of the Sabbath, 
for example—and this was the culminating point of legality 
—could not thrust back the arms of the heathen Thus 
the party of the scribes, when they came ito conflict 
with an active political power, which at the same time 
claimed to represent the theocratic interests of Israel, were 
compelled to lay fresh stress on the doctrine that the true 
deliverance of Israel must come from God and not from 
man We have seen indeed that the legalism which accepted 


118 Sibyll , 1 775, v_dv must undoubtedly be read for vid» 
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Jehovah as legislator, while admitting that his executive 
sovereignty as judge and captain of Israel was for the time 
dormant, would from the first have been a self-destructive 
position without the complementary hope of a future 
vindication of divine justice and mercy, when the God of 
Israel should return to reign over his people for ever 
Before the Maccabee revival the spirit of nationality was 
so dead that this hope lay in the background , the ethical 
and devotional aspects of religion under the law held the 
first place, and the monotony of political servitude gave little 
occasion for the observation that a true national lie 
requires a personal leader as well asa written law But 
now the Jews were a nation once more, and national ideas 
came to the front Inthe Hasmonean sovereignty these 
ideas took a political form, and the result was the secular 
ization of the kingdom of God for the sake of a harsh and 
rapacious aristocracy The nation threw itself on the side 
of the Pharisees, but it did so in no mere spirit of 
punctihous legalism, but with the ardour of a national 
enthusiasm deceived in its dearest hopes, and turning for 
help from the delusive kingship of the Hasmonzans to 
the true kingship of Jehovah, and to His vicegerent the 
hing of Davids house It is m this connexion that the 
doctrme and name of the Messiah appear in the Psalter 
ot Solomon The eternal kingship of the house of David, 
so long forgotten, 1s seized on as the proof that the 
Hasmonzans have no divine nght 
‘Thou Lord art our king for ever and ever Thou didst 

choose David as king over Israel, and swarest unto him concerning 
his seed for ever that his kingship shonll never fail before Thee 
And for ou sin» sinneis (the Hasmoneins) have 11:en up over us, 
tahing with f ree the kingdom which Thou didst not promise to 
them, } rofaning the throne of David in their pnde But Thou O 
Lod will cast them down and root out them seed from the land, 
when a man not of our race (Pompey) rives up against them 
Behol1 O Lor 1, and raise up their kin the Son of David at the time 
that Thou hast appomted to reign over Israel Thy servant and gird 
him with strength to crush unjust rulers to cleanse Jerusalem 
from the heathen that tread it under foot to cast out sinners fiom 
Thy mbheritance to break the pride of sinners and all their strength 
as potter s vessels with a rod of iron (Ps n 9) to destroy the liw 
less nations with the word of his mouth (Isa m 4) to gather a 
holy nation and lead them in righteousness He shall divide 
them by tribes 1n the land, and no stranger and foreigner shall dwel. 
with them he shall judge the nations in wisdom and mghteousness 
The heathen nations shall serve under his yoke he shall glonfy 
the Lori before all the earth, and cleanse Jerusalem in holiness as in 
the ginning From the ends of the earth all nations shall come 
to see his glory and bring the weary sons of Zion as gifts Isa 1x 
8 sq) tosee the glory of the Lord with which God hath crowned 
him, for he 1s over them a 1ighteous hing taught of God = In hs 
days there shall Le no uniighteousness 1n their midst for thev are 
all holy, ind their hing the anointed of the Lord (xpiords xupios 11 Is 
translation of M7 MY) ~He shall not trust on horses and n lers 
and bowmen, nor he yp up gol i and silser for war, nor} ut his conh 
dence 1n 8 multitude for thedavyofwu ‘The Lorli hing, thats 
his hope He 1s pure fiom sin to rule 3 great | k to rebuke 
eee iee and destroy sinntrs by his mht) wo n all his davs 

e 1s free from offence agunst his God for He hath made him 
strong by the Holy Spint His oe 1s in the Lord who 
can do aught against him? Strong in deeds and mighty 1m the fear 
of the Lord, he fcedeth the flock of the Lord m truth and nghteous 
ness, and suffereth not one of them to stumble in the pasture 
So it beseemeth the king of Israel whom God hath choven to lead 
the house of Israel God hasten His mercs on Israel to 
deliver them from the uncleinness of profane foes. The Lord 1s our 
king for ever and ever’ —Fsalt Sol xvn 


This conception 1s traced 1m lines too firm to be those of a 
first essay, 1t had doubtless grown up as an integral part of 
the religious protest against the Hasmonzans And while 
the polemical motive 1s obvious, and the argument from 
prophecy against the legitimacy of a non Davidic dynasty 
is quite in the manner of the scribes, the spirit of theocratic 
fervour which inspires the picture of the Messiah 1s broader 
and deeper than their narrow legalism In a word, the 
Jewish of the Messiah marks the fusion of 
Phansaism withthe national rehgious feeling of the 
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Maccabees revival It is this national feeling that, claim 
ing & leader against the Romans as well as deliverance 
from the Sadducee amstocracy, again sets the idea of the 
kingship rather than that of resurrection and mdividual 
retribution in the central place which it had lost since the 
captivity Henceforward the doctrine of the Messiah 1s 
at once the centre of popular hope and the object of 
theological culture The New Testament 15 the best 
evidence of its influence on the masses (see especially Matt 
xx1 9), and the eacgesis of the Targums, which in its 
beginnings doubtless reaches bach before the time of 
Christ, shows how it was fostered by the Rabbins and 
preached in the synagogues! Its diffusion far beyond 
Palestine, and in cucles least accessible to such ideas, 18 
proved by the fact that Philo himself (De Pram et Pen, 
§ 16) gives a Messianic interpretation of Num xxv 27 
(LXX) It must not indced be supposed that the doctrine 
was as jet the undisputed part of Hebrew faith which it 
became when the fall of the state and the antithesis to 
Christianity threw all Jewish thought into the nes of the 
Pharisees It has, for example, no place in the Assumptio 
Moss or the Book of Julnlees But, as the fatal struggle 
with Rome became more and morc imminent, the eschato 
logical hopes which increasingly ebsorbed the Hebrew 
mind all group themselves round the person of the 
Messiah In the later parts of the Book of Enoch (the 
“symbols” of chaps xlv sy) the judgment day of the 
Messiah (identified with Daniels “Son of Man’) stands 
in the forefront of the eschatological picture Josephus 
(B J v1 5, § 4) testifies that the belief im the immediate 
appearance of the Messianic king gave the chief impulse 
to the war that ended in the destruction of the Jewish 
state, after the fall of the temple the last apocalypses 
(Baruch, 4 H 1a) still loudly proclaim the near victory of 
the God sent king, and Bar Cochebas, the leader of the 
revolt against Hadrian, was actually greeted as the Messiah 
by Rabbi Akiba (comp Luke 1u &) These hopes were 
again quenched in blood , the political idex of the Messiah, 
the restorer of the Jewish state, still finds utte-ance in the 
daily prayer of every Jew (the Sk mune Lc), and is en 
shrined in the system of Rabbinical theology , but its his 
torical significance was buiied in the ruins of Jerusalem ? 
But the proof written im fire and blood on the fair face 
of Palestine that the true kingdom of God could not be 
realized in the forms of an earthly state, and under the 
limitations of national paiticularism, was not the final 
refutation of the hope of the Old Testament Amndst the 
last convulsions of political Judaism a uew and spintual 
conception of the kingdom of God of salvation, and of che 
Saviour of Gods anomting, had shaped itself through the 
preaching, the death, and the iesuirection of Jesus of 
Nazareth As applied to Jesus the name of Messiah lost 
all its political and national significance, for His victory over 
the world, whereby He appioved himself the tiue captain 
of salvation, was consummated, not amidst the flash of 


earthly swords or the lund glare of the ightnings of Ehas, | 


1 The Targumic passages that speak of the Messiah are tegistere | 
by Buxtorf, Lex Chald ,4v 

* False Messiahs have contiuued from time to time to appear among 
the Jews Such wis Serenus of Syria (cerca 720 4D) Soon after 
Messianic hopes were active at the time of the fall of the Omay 
yads, and led to a serious rising under Abu Isa of Ispahan, wlo 
called himself foreranner of the Messiah The false Messiah Davil 
Alrui (Ahoy) appeared among the warhhe Jews in Azerbiyan in the 
middle of the 12th century The Messianic claims of Abraham Alu 
lafia of Saragossa (born 1240) had a cabalistic basis and the same 
studies encouraged the wildest hopes atalater time Thus Abarbinel 
calculated the coming of the Messiah for 1503 aD , the year 1500 
was in many places observed as a preparatory season of penince, and 
throughout the 16th centmy the Jews wore much stirred and more 
than one false Messiah appeared, For the false Mesmah Sabbathal, 
see tol xm p 681 
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but in the atonmg death through which He entered into 
the heavenly glory Between the Messiah of the Jews 
and the Son of Man who came not to be ministered to but 
to minister, and to give his life a 1ansom for many, there 
was on the surface httle resemblance, and from their 
standpoint the Pharisees reasoned not amiss that the 
marks of the Messiah were conspicuously absent from this 
Christ But when we look at the deeper side of the 
Messianic conception in the Psalter of Solomon, at the 
heartfelt longing for a leader in the way of righteousness 
and acceptance with God which underlies the aspira 
tions after political deliverance, we see that 1t was in no 
mere spirit of accommodation to pievailing language that 
Jesus did not disdain the name in which all the hopes of 
the Old Testament were gathered up The kingdom of 
God 1» the centre of all spiritual faith, and the perception 
that that kingdom can never be realized without a personal 
centre, a representative of God with man and man with 
God, was the thought, reaching far beyond the nanow 
range of Pharisaic legalism, which was the last lesson of 
the vicissitudes of the Old Testament dispensation, the 
spiritual truth that lay beneath that last movement of 
Judaism which concentrated the hope of Israel in the 
person of the anointed of Jehovah 


It would cuiry us too fai to consider mm this place the details of 
the Jewish conception of the Messiah and the Messianic times as 
they uppear in the later =e) pses orin Rabbinical theology See 
for the former the excellent summary of Schwer, A Tliche Zeit 
geschuhte, §§ 28, 29 (Leipsic, 1874), and for the latter, besides the 
ollie: books catalogued by Schuier (of which Schoettgen, Hore, 
1742, and Bertholdt, Christologia Judexon um, 1811, may be specially 
named), Weber, Alisynagogale Theologie (Leipsic 1880) or the 
whole subject see also Drummond, Zhe Jewish Mess.ah (London, 
1877), and Kuenen, Relzgion of Israel chap au For the Messianic 
hopes of the Pharisees and the Psalter of Solomon sce especially 
Wellhausen, Pharisaer und Sadducaer (Greifswald, 1874) In its 
ultimate form the Messianic hope of the Jews 1s the cer\re of the 
whole eschatology, embiacing the doctrine of the last troubles of 
Isiael (called by the Rabbins the ‘‘ birth pangs of the Messiah ), 
the apy earing of the anointed king, the annihilation of the hostie 
enemy the retuin of the dispersed of Isiac] the glory and world- 
sovercignty of the elect, the new world, the resurrection of the dead, 
and the last juderent But even the fini form of Jewish theology 
shows much vacillation as to these details, especially as regards their 
sequence and mutual relation, thus betraying the adequacy of the 
harmonistic method by which they were dened from the Old 
Testament and the stormy excitement in which the Messianic idea 
was developed It 1s, for example, an open question among the 
Robbins whether the days of the Messiah belong to tre old or to 
the new world (397 pbwyn or N27 pow), whether the resurrec- 
tion embraces all men or only the righteous, whether it precedes or 
follows the Messianic age Compaic MI LFNNIUM 

We must also pass over the very important questions that arise 
15 to the Seadual extilcation of the Kes ‘Icstament idea of the 
Chnist from the elements of Jewish political doctrine which had 
so strong a hold of many of the first disciples—the relation, for ex 
ample of the New Testament Apocalypse to contemporary Jewish 
thought A word, however, 1s necessary as to the Rabbinical doc 
tune of the Messiah who suffers and dies for Israel, the Messiah son 
of Joveph or son of Lphraim, who 1n Jewish theology 1s distinguished 
from and subordinate to the victorious son of David The devel 
oped forin of this idea 1s almost certainly a pioduct of the polemic 
with Christianity, 1n which the Rabbins were hard pressed by argu- 
ments from eel (especially Isa In ) which their own exegesis 
admitted to be Messianic, though it did not accept the Chnstian 
inferences as to the atoning death of the Messiamc king That the 
Jews in the time of Chmst believed mm a suffering and atoning 
Messi th 18, to say the least, unproved and highlyimprobable Sec, 
besides the books above cited, De Wutte Opuscula, Wunsche, 
Dv Leden des Messvas, 1870 ‘The opposite ugument of King, The 
Yalkui on Zechariah (Cambridge, 1882), App A, does not really 
prove more than that the doctrine of the Messiah Ben Joseph found 
points of attachment 1n older thonght (WBS) 


MESSINA, a city and scaport at the north east corner 
of Sicily, capital of the province of the same name,® ise 


3 The province occupies the north east corner of the island, and 1s 
60 miles in length by 30 in breadth ‘It 18 chiefly occupied with moun- 
tain ranges and valleys, there are few plains Thedargest river 1s the 
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situated on the Straits of Messina (at this pomt about ' 
4 miles wide), 8 miles north west of Reggio and 130 
toiles east by north of Palermo, im 38° 15 N lat, 1o° 30’ 
E long The towns built between the sea and a range 
of sharp and rugged hulls, called the Dinnamare, 3707 
feet at their highest pont It runs in a semicircle round 
the harbour, and presents a picturesque appearance from 
the sea, as the houses rise m tiers upon the slope of a hill, 
and behind are the wooded mountains 

Messina is the second town of Sicily in importance and in 
size Its population was 97,074 in 1850, 111,854 in 1871, 
and 126,497 in 1881 It 1s an archiepiscopal see, and has 
@ university, founded by the Jesuits in 1548, with a public 
hbrary of 56,000 volumes 

The excellence of 1ts harbour makes Messma an import- 
ant trading town The harbour is formed by a tongue of 
low .and which rans out from the shore in the form of a 
sickle, and encloses a round n, open to the north only, 
where the entrance channel is about 500 yards wide This 
basin 18 14 miles in circumference, and 18 of such depth 
that the largest vessels are able to use 1t It 1s estamated 
that 1300 steamers, with a total of 1,000,000 tons burthen, 
and 9000 sailing ships, with a total of 500,000 tons bur 
then, enter the port yearly The exports of Messina consist 
chiefly of oranges, lemons, raisins, wine, oul, liquorice, and 
hides Thereis no promment manufacture, but silk stuffs 
are made in considerable quantities Many of the mhabit- 
ants are engaged in fishmg, chiefly for tunny Sword fish 
also are captured with the harpoon m the Straits during 
July and August Coral fishery 1s a trade of the people 
The hills behind Messina produce a strong dark wine, 
inferior to that which 1s made in other parts of the 
island 

Messina has few buildings of importance or antiquity 
The sieges and earthquakes from which the town has 
suffered destroyed most of its monuments After the great 
earthquake in 1783 the city was almost entirely rebuilt 
The cathedral, the principal building, 1s a church of the 
Norman period It was begun in 1098 by Count Roger 
I, and finshed by his son Roger II The church 1s in the 
form of a Latin cross, 305 feet long and 145 feet wide in 
the transepts The lower half of the facade 1s encrusted 
with slabs of red and white marble It has three Gothic 
portals, with pomted arches and rich ornamentation, 
belonging to the period of the Anjou dynasty The nave 
contains twenty six columns of Egyptian granite, said to 
have been brought from an ancient temple of Poseidon 
which stood nearthe Faro The mosaics of the apses date 
from the year 1330 In the choir are the sarcophag: of 
the emperor Conrad IV (d 1254), of Alphonso the Generou 
(d 1458), and of Antoma, widow of Fredenck III of 
Aragon In 1254 the cathedral was seriously damaged by 
fire, mm 1559 the campanile was burned down, in 1783 
the earthquake overthrew the campanile and the transept 
The building therefore offers a mixture of styles,—first 
Norman, then Gothic, then Early Renaissance, finally 
Barocco and Modern Gothic 

The history of Messina begins very eatly It 18 said to have been 
founded, on the mte of 8 more ancient facie town, by pirates 
from Cumne, m 732 Ro It took its earher name of Zancle (a 
eickle) from the shape of its harbour The number of its habit 
ents was increased by an influx of Chalcidians under Cratemenes 
and in 649 Bc the town was sufficiently prosperous and B i rap 
to establish a colony at Himera. The Samians occupied Zancle for 
a short time after Yoletus had been captured by the Persians in 
494 Bo In the following year the city fell into the hands of 
Anaxilas, tyrant of Rhegium, who introduced a population of 


‘Messentans, from Messenia in the Peloponnesus , and they changed 
the name of the place to Meseana, im the Donec pronunciation, to 


Alcantara. The chief towns are Messina, Castroreale, Mistretta, 
Patti, aryl Milazzoy The population im 1854 was $80,279, m 1871 
420,649, and in 1881 467,283 
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remind them of their fatherland The sons of Anaxilas were ex 
pelled from the government of Messina in 466 8 c , and a republic 
established , and this government was continued until Messina 
fell into the hands of the Carthaginians dunng their wars with 
Dionysius the elder of Syracuse (396 BC) Fhe Carthagiman. 
destroyed the city, but Dionysius recaptured and iebuilt it 
During the next fifty years Messina changed masters several hmes, 
tall Timoleon finally expelled the Carthagimans in 343 BC In the 
wars between Agathocles of Syracuse and Carthage, Messina took 
the side of the Carthaginians Agathocless mercenanes, +he 
Mamertines, treacherously seized the town in 288 BC and held it 
‘They came to war with Hiero II of Syracuse, after Agathocles s 
death , and Hiero’s allies, the Carthaginians, helped him to reduce 
Messina ‘The Mamertines peta for help to Rome, which was 
granted, and this led to a collwion between Rome and Carthage, 
which ended in the First Punic War At the close of that war in 
241 Bc, Messina became a on of the Romans Dunng 
the civil wars which followed the death of Julins Cesar Vicssina 
held with Sextus Pompeius, and in 35 Bc it was sacked by 
Octavian tioops After Octavian’s proclamation as emperor he 
founded a colony here, and Messina continued to flourish as a 
trading port In the division of the Roman empire it belonged to 
the emperors of the East, and mn 547 ap lisarius collected 
his fleet here before crossing into Calabria The Saracens took the 
city in 881 aD, and in 1061 it was the first permanent conquest 
mide mm Sicily by the Normans under Roger dHauteville In 
1190 Richard Coeur de Lion with his crusaders passed six months 
in Messina He fell out with Tancred the last of the Hauteville 
dynasty, and sacked the town In 1194 the city with the rest of 
Sicily, passed to the house of Hohenstaufen under the emperor 
Henry $1 , Who died therein 1197 At the time of the Sicilian 
Vespers (1282) which drove the French out of Sicily, Messina 
bravely defended itself against Charles of Anjou, and repulsed his 
attack Peter | of Aragon, through his commander Ruggiero da 
Lona, defeated the French off the Faro, and from 12&2 to 1718 
Messina remained a possession of the Spanish royal house In 1571 
the fleet fitted out by the Holy League against the Turk assembled 
at Messina, and mm the same year its commander, Don John of 
Austria, celebrated a tnumph 1n the city for his victory at Lepanto 
Don Johns statue stands in the Piazza dell Annuziata For one 
hundred years, thanks to the favours and the concessions of Charles 
V, Messina enjoyed great preterit But the mternal quarrels 
between the Merli, or aristocratic faction, and the Malvezz, or 
democratic faction, fomented as they were by the Spamiards, 
helped to ruin the city (1671-78) The Messimans suspected the 
Spanish court of a desire to destroy the ancient senatorial consti 
tution of the city, and sent to France to ask the aid of Lous 
XIV in their resistance Louis despatched a fleet into Sicinan 
waters, and the French occupied the city The Spaniards replied 
by appealing to Holland, who sent a fleet under Ruvter into the 

editerranean The French admiral, Duquesne, defeated the 
combined fleet of Spain and Holland, but, notwithstanding this 
victory, the French suddenly abandoned Messina in 1678 and the 
Spanish occupied the town once more The senate was suppressed, 
and Messina lost its privileges This was fatal to the importance 
of the city, and it never recovered In 1743 the plague corned off 
40,000 inhabitants The city was portially destroved by earth 
quake 1n 1788 =Durmg the revolution of 1°45 a,aimst the Bourbons 
of Naples, Messina was bombarded for three consecutive days Ip 
1854 the deaths from cholera numbered about 10,000 Ganbaldi 
landed in Sicily mm 1860, and Messina was the las city m the island 
taken from the Bourbons and made a part of united Italy under 
Victor Emmanuel 

Messina was the birthplace of the following celebrated men 
Dicearchus, the historian (er 322 Bc), Aristocles the Pen 

tetic, Euhemerus, the rationalist (err 316 Be Stefano 

tonotario, Mazzeo di Ricco, and Tommaso di Sasso jocts of the 

court of Fredennch II (1250 a.p ), and Antonello da Messina, the 
painter (1447-99), five of whose works are preserved in the 
university gallery Dumng the 15th century the griammanan 
Constantine Lascans taught in Messina, and Bessazion was for a 
time archimandnite there 

METALLURGY, a branch of apphed science whose 
object 1s to describe and scientafically criticize the methods 
used industnally for the extraction of metals from their 
ores Of the large number of metals enumerated in the 
handbooks of chemistry, the vast majority, of course, he 
outside its range , but it 1s perhaps as well for us to point 
out that im metallurgic discussions even the term 


“metallic,” as apphed to compounds, ha» a restricted 
meaning, being exclusive of all the light metals, although 
one of these, namely aluminium, 1s bemg manufactured 
industrially The following table enumerates in the order 
of their :mportance the metals which our ae present 

ce’ @ 
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1s understood to clude, the second column in each case 
gives the chemical characters of the native compounds 
utilized, italics ducating ores of subordinate importance 
The term “oxide ’ must be understood to include carbon 
ate, hydrate, and occasionally (when marked im the table 
with *) silicate 


Metal Character of Ores 
Tron Oxides, sulphide 
C Complex sulphides, also oxides, 

opper metal 
Silver aw ae and reguhne metal, 
Gold Reguline metal 
Sulphide and basic carbonate, sul 

Lead phate &e 
Zinc Sulphide, oxide * 
Tin Oxide 
Merculy Sulphide reguline metal 
Antimony Sul; hide 
Bismuth Reguline metal 
Nickel an 1 col alt Arsenides 





Platinum 1n 1} latinum metals Reguline 
Aluminium Oxide * sodio fluonde 

We have separated the last two from the rest because 
the methods used for their preparation are more of the 
character of laboratory operations, and because we do not 
mean to include these in our general exposition of metal 
lurgic yrincij les The history of metallurgy, up to the 
most recent times, 1s obscure It 1s only since about the 
beginning of this century that the art has come to be at 
all scientifically criticized and in the case of the most 
important processes all that science has been able to do 
has been meiely to put her stamp upon what experience 
has long found to be mght Great and brilliantly 
successful scientific efforts in the synthetic line are not 
wanting but they all belong to recent times Science, by 
its very nature aims at publicity , empiricism at all times 
has done the reverse, hence a history of the development 
of the art of metallurgy does not and cannot emst A 
few historical notes on the discovery of certain of the useful 
metals are given in the introduction to Werats (7 v ) 

General Sequence of Operations —Occasionally metallic 
ores present themselves in the shape of practically pure 
compact masses from which the accompanymg matrix or 
“gangue can be detached by hand and hammer But 
this 1s a rare exception In most cases the “ore, as it 
comes out of the mine, 18 simply a mixture of ore proper 
and gangue in which the latter not unfrequentl} predom: 
nates so much that it 1s not the gangue but the ore that 
really occuy 1¢s the position of what the chemist would call 
the impurity Hence, in general it 1s necessary, or at 
least expedient to purify the ore as such before the libera 
tion of the metal is attempted Most metallic ores are 
specifically heavier than the impurities accompanying them, 
and their purification may be (and generally 1s) effected 
by reducing the crude ore to a fine enough powder to 
detach the metallic from the earthy part, and then washing 
away the latter by a current of water, as far as possible 
In the case of a “reguline” ore, such as auriferous quartz, 
for instance, the ore thus concentrated may consist substan 
tially of the metal itself, and reqmre only to be melted 
down and cast into mgots to be ready for the market 
This, however, 15 a rare case, the vast majority of ores 
being chemical compounds, which for the extraction of 
their metals demand chemical treatment The chemical 
operations involved may be classified as follows — 

1 Fery Operations —The ore, along in general with 
some kind of “fiux,” 1s exposed to the direct action of a 
powerful fire The fire im most cases has a chemical, in 
addition to its obvious physical function It 1s intended 
either to burn away certain components of the ore—in 


which case 1t.must be 30 regulated as to contain a sufficient : 
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excess of unburned oxygen, or it 1s meant to deoxdize 
(“reduce”) the ore, when the draught must be restricted 
eo as to keep the ore constantly wrapped up in combustible 
flame gases (carbonic oxide, hydrogen, marsh gas, cc ) 
The vast majority of the chemical operations of metallurgy 
fall into this category, and im these processes other metal 
reducing agents than those naturally contained im the fire 
(or wind) are only exceptionally employed 

2 Amalgamation —The ore by itself (if 1t happens to 
be a reguline one), or the ore plus certain reagents (if it 
does not), 1s worked up with mercury so that the metal 1s 
obtained ultimately as an amalgam, which can be separated 
mechanically from the dross The purified amalgam 1s 
subjected to distillation, when the mercury 1s recovered as 
a distillate while the metal remains 

3 Wet Processes —Strictly speaking, certain amalgama 
tion methods fall under this head , but, in its ordinary 
acceptance, the te1m refers to processes in which the metal 
1s extracted either from the natural ore, or from the ore as 
it 18 after roasting or some other preliminary treatment, by 
means of an aqueous acid or salt solution, and from this 
solution precipitated—generally in the reguline form—by 
some suitable reagent 

Few methods of metal extraction at once yield a pure 
product What as a rule is obtained is a more or less 
impure metal, which requires to be “refined to become 
fit for the market We now pass to the individual con 
sideration of the several steps referred to 


Commanution of Ores —Assuming the ore to be given in the shape 
of large lumps these must first be broken up into small stones (of 
about the size of those used for macadamizing a road) before they can 
go to the grinling mill This formerly used to be done by hend 
wolk nowadays it 1s preferably effected by mcans of an American 
invention called the stone breaker (fig 1) This conusts essentially of 
two substantial verticaliron plates oneisfixed the otherisconnected 
withan excentric worked by an engine so as to alternately dash against 
and recede from the former Thelumps of oie in passing through 
this jaw like contrivance, are broken up into sm ler fragments fit for 





Fig 1 —Amencan Stone Brevher 
the mill For the e oduction of a ccarse p wdcr revoly ing cylinders 


are often employed Two cylinders of equal diameter and length, 
made of iron steel, or stone are suspended by parallel axes Mahe 
pou to erch other The width of the shit between them can 
e made to vary according to the requirements of the case The 
cylinders are made to revolve in opposite directions, so that the 
stones when run into the groove formed by their upper halves are 
drawn between them and are crushed into bits of a m7e dependin 
on the least distance between the two surfaces 1 xceptionally ha 
stones might bring the machine to a standstill or cause bre 
hence only one of the two axes of rotation 13 absolutely fixed the 
cushions of the other are only held im relatively fixed postions,” 
each between a couple of guiding rails, by means of powerful springs 
at their backs The springs are made of alternate diske of mdia 
rubber and sheet tron and yield appreciably only to very stron 
pressures When an exceptionally hard stone comes on, they meld 
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and allow it to pass throngh uncroshed Sometimes two sets of 
cylinders are arranged one above the other, so that the grit from the 
upper falls into the Jaws of the lower set to receive further com- 
minution The diameter of the cylinders 1s trom a foot to a yard, 
their length from 9 inches to a yard, the velocity of a pomt on the 
periphery a foot to a yard per second The quantity ot ore reduced 
r hour per horse power is about 5 cubic feet for quartz or other 
aoe minerals, and about 14 cubic feet for mimerals of moderate 
e89 

For the production of a relatively fine powder the pounding mull 
1s frequently used, which, in 1ts action, 1s analogous to a mortar and 


pestle The mortar 1s a rectangular trough, while the pestle 18 
replaced by a parallel set of heavy metal or metal shod beams, 
which (by means of a revolving cylinder with cogs catchmg pio 


Jections on the beams) are lifted up in succession and then 
let fall by their own weight so as to pound up the ore 1n the trough 
‘Lhe ore 1s supphed from a prismatic reservoir with a sloping 
bottom leading into a canal through which the stones slide into 
the trough A current of water, which constantly flows mto the 
trough from below, lifts up the finer particles and canes them 
away over the edge of the trough into a setthng tank 
e object pursued in powdering an ore 13 to prepare 1t for being 

purified by washing But the velocity with which a solid particle 
falls through witer depends on 1t® size as well as on its specific 
gravity—an increase in either accelerating the fall, hence, where 
the difference in specific gravity between the things to be separated 
1s small, the washing must be preceded by a separation of the ore 
powder into portions of approximately equal fineness This1s often 
effected by passing the ore through a system of sieves of different 
width of mesh superposed over one another, the coarser sieve 
always occupying the higher position Sometimes the sieves are 
made to ‘‘go diy,” sometimes they are aided in their action by a 
current of water which, more effectually than mete shaking, pre 
vents adherence of dust to coarser parts 

Another contrivance 1s the ‘‘Drum (fig 2) A long perforated 
circular cylinder mde of sheet iron, open at both ends, 1s suspended, 
1n a sloping portion, by a revolving shaft passing through its axis 
The size of the j erforations 18 pone made to increase 1n passing 
fiom the upper to the lower be W hile the drum 


ts of the cylinder 





Fie 2 —Dram 


is revolving the ore, suspended in water, flows in at the upper end, 
and in tiavelling down it casts off first 2s finest and then 1ts coarser 
parts, the coarsest only reaching the exit at the lower end The 
several grades of powder produced fall each into a separate division 
of the collecting tank 

The drum, of course, 28 subject to endless modifications, A 
very ingemions combination 1s H E Taylor’s ‘‘Drum Dressing : 
Machine ’ (fiz 3) It consists of three truncated cone shape 
drums D, fixed co axially to the same bonzontal revolsing shaft, 





#0 that the narrow end of No 1 projects into the wider end of No 2, 
and No 2 amilarlyinto No 8 The droms are not perforated, but 
are armed inside with screw threads tormed of strips of sheet metal 
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fixed edgeways tothe drum The ore gnit to be dressed 1s placed 
ina hopper A, and fiom it, by a worm B fixed to the revolving 
shaft, 18 buing screwed forward into a short fixed truncated cone G 
projecting into the revolving drum No 1, into which it flows in 
a constant current The rotary motion of the drum tends to 
convey the ore along the spiral path preserbed by the screw thread 
towards the other end, and from it mto drum No 2, and so on 
But the ore in each drum meets with a jet of water L impelling 
it the opposite way, and the effect is that, im each drum, the 
lighter parts follow the water, and with it run off over the 
entrance edge to be collected in a special tank, while the coarser 
rts roll down the spiral path toward the next drum to undergo 
urther parting The tank or pit for drum 1 receives the finest 
and lightest parts, that of drum 2 a heavier, that of drum 3 a 
still heavier Vale while only the very heaviest matter finds 
its way out of the exit end of No 3 into a fourth receptacle 
Of the large number of other ore-dressers, only two need be men- 
tioned here 
‘The ‘Clausthal Turn-Table ’ consists of a circular table the sur 
face of which mses from the penphery towards the centre so as to 
form a very flat cone of about 170°, which 1s fixed co axially toa ver- 
tical rotary shaft At the apex of the table, surrounding the shaft, 
but independent of 1ts motion, there 18a circular trough of sheet zinc, 
divided into two compartments, one receives a stream of water 
carrying the ore, the other a erp of pure water A largeannu- 
lar trough of sheet zinc 1s placed below the periphery of the table, 
so as to receive whatever may fall over the edge It also is divided 
into compartments, as shall beexplained further on Supposing the 
table to be at rest, a sector of about 60° of 1t would be constantly 
run over by the ore mud out of the first compartment of the upper 
tiough This mud current would suffer partial separation into 
heavier and hghter parts,—vich ore resting mm the higher and 
poorer in the lower latitudes, and a still poorer ore falling over the 
jertphery imto the lower trough The same happens with the 
moving table, only each sector of such partially analysed ore under 
goes further purification ly yassing through about 90° of water 
shower After prssing this, it meets with a perforated fixed water 
pipe gomg up radially to about half the radius of the table This 
ipe also carries sweeping brushes, so that the belt of ore from the 
owel latitudcs of the table 1s swept off into the corresponding section 
ofthe receiving trough What of ore remains on the higher latitudes 
subsequently meets with 2 similar arrangement which sweeps it off 
into its compartment If the table turns from the left to the nght, 
ind we follow the process, beginning at the left edge of the ore mud 
compartment, 1t will be seen that a first sector of the receiving 
tiough gathers the light dross, a succeeding one an intermediate 
product, a thud the most highly purified ore The ‘ intermediate ’ 
1s generally run into the ore mud trough of a second table to be 
further analy se 1 
In the ‘ Continuous Wash Pumps’ (Continurliche Setzpumpe) 
of the Harz, three funnel shaped vessels (one of which 1s shown in 
fig 4) are setin a frame beside one another, but at different levels, 
0 that any overflow fiom No 1 runs into No 2 and thence into 
No 3 Each funnel communicates below with its own compart 
ment of a common cistern 
Into each funnel a nddle 
with nairow meshes 13 in 
serted someshere near the 
upper end, while, beside the 
riddle, there 1s 1 pump of 
short raingt, which, by 
means of an excentric, 18 
woiked so that the piston 
rial f goes rapidly 
down and slowly up The 
mode of working 18 best 
explained by an example 
At Bremugerberg in Rhenish 
Prussia the apparatus serves 
to separate a complex ore 
into the following four 
parts, which we enumerate 
in the order ot their specihe 
garnet) galena (the 
caviest), (2) pyrites, (3) 
blende, (4) dross  Sheve 
No 1 w_ charged with 
eons of galena, just 
arge enough not to ship 
through the meshes, No 2 
similarly with granules of 
py rites, No, 3 with those of blende The crude ore mud goes into 
sieve 1, the jerking action of the pump alternately tosses the 
particles up into the water and allows them to fall the heaviest 
naturally come down first, but what is most stnking 1s that 
nothing will pass through the bed of galena but what 1s at least 
as heavy as galena itself In a similar manner No 2 and No. 8 
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fannels sift out the prntes and the blende respectively, so that 
almost nothing but dross runs off ultimately ‘Lhe apparatus 18 
said to do its work with a wonderful degree of precision, and of 
course 1s susceptible of wider application, but it ceases to work 
when the raw material 1s a slime so fine that the particles fall too 
slow] 

Moles of Producing High Temperatures —Most of what 18 to be 
suid on this topic has already been anticipated in the articles 
Fort, Furvact, anl Brirows, but a few notes may be added 
on specially me tallurgic points 

Furnace Materrals —In a metallurgic furnace the working parts 
at leist must be made of special materials capable of withstanding 
the very high temperatures to which they 1re exposed and the 
action of the fluxes which may be used No practically availible 
materi fully meets both requirements, but there 1s no lack of 
merely fire proof substances 

Of native stones, a pure quartzose sandstone, free from marl, 
n ay be named as being well adapted for the ,cncrality of structmes 
but such sandstone, or indeed any kind of fire proof stone, 1s not 
always athand What is more readily procutcd, and consequently 
more widely uscd, 18 refractory brick, mile fiom ‘fue clay ’ The 
characteristic chemical featurc of fire clays 15 that in them the clay 
ab (always some kind of hydrat dsilicat of alumina) 1s associated 
with only small proportions of lume, manesia, ferrous oxide, or 
other protoxides If the perccutage of these goes beyond certain 
‘umits, the [mks when strougly heited melt down into a slag 
The presence of free silica on the othe: hand adds to their refrac 
toriness In fact the hcst fire bricks 1n existence ale the so called 
Dinas bucks, which consist substantially of silica contaminated 
only with just enongh of bases to c .use 1t to fnt together on beins 
baked JDin2s brichs, however, on account of then high price, arc 
reserved for speci ul cages involving exceptionally high temperatures 
Amongst o1linuy fire biicks those from Stourbiidge enjoy the 
hi,hest reputation It follows fiom what has just becn said that, 
in i metalluigic fuinice, lame mortar cannot be used as a cement, 
but must be 1epla cd by fire clay paste 

In the constiuction of cupels, reverberato1y furnaces, &c , only 
the general groundwork 1s, a3 a rule, made of built bricks, and this 
Repeal 15 covted over with some hind of special fire proof and 

ux proof motcrial such as bone ash, a miature of baked fire clay 
and cokes or may hite or of quartz and very hizhly sileated slags, &c 
These beddings are put on in a loose powdery { 1m, and then stamped 
fast They offer the advantage that when worn out, they are easily 
removed and renewed The powerful draught which a metallurgic 
fire needs cin be produced bv a chunney, where the fuel forms 
relatively shallow layer sprevd over 1 laige grating, but, when 
closely packcud deep masses of fuel or fuel and ore have to be hej t 
ablaze, a blast becomes indispensable 

Chimneys —The efficien ) of a chimney 1s mersured by the 
velocity V with which the air ascends through 1t, multiphed by its 
section, and the former 18 in roughly approximate accordance 
with the formula 


Vahv/2gh(l 1,4) Ty, 


where / stan is for the hught of the chimney, g for the acceleration 
of grivity (322 fect per second), and ‘1 and Ty for the rbsolute 
temperatures (meaning the temperatures counted from - 278° C ) of 
the air within and the air without the chimney respectively, while 
& 1s a factor meant to account for the resistances which the aur, 10 
its Dee through the furnace, &c , has to overcome In practi e 
Tis taken as the mean temperature of the chimney gases, which 
theoretically 1s not unobjectionable , but the weakest point in the 
formula is the smallness 1nd utter mconstancv of the factor k, 
which, according to Pcclet, generally assumes some value of the 
power }, 7, &c Yet the formula is of some use as enabling 
one to see the way in which V depends on hf and (T-T,)/T, con 

Jointly ,—to see, for mstance, how deficient chimney height may be 
compensated for hy an increase of temperature in the chimney 
gases, and vce versa 

Blowing Machines —Of the several kinds of blowers described 

under Bui Lows (¢ + ), the “fans” are the best means for producing 
large volumes of wind of relatively small but stealy pressure , 
‘*bellows ’ are indicated in the case of work on a relatively small 
scale requiring moderate wind pressure, while the “cylinder blast” 
comes in where large masses of hich pressure wind are required 

Two highly mteresting blowing machines, however, are omitted in 
that article, which may be shoitly described here 

The ‘Water Blast” (Wassortrommelgeblase) 1s interesting 
historically, having been used metallurgically in Hungary foi 
many centuries A mass of water, stored up 1n a reservoir, 13 made 
to fall down continuously through a high narrow vertical shaft 
having air holes at its upperend The vertical column of water 
sucks in air through these holes and carries 1t down with it into a 
kind of inverted tub standing im a reservoir kept at & constant 
level Air and water there seprrate, the former flowing away 
rough a pipe into a wind-box from which it 15 le1 to its destina- 
on 
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The ‘‘Cagmiardelle ’ (figs 5, 6), so called from1ts inventor Cagmard 
Latour, also utilizes wate: to carry air, but imquiteanotherway By 
merns of a round shaft passing through its ais, a cylindrical drum 
of sheet metal 3» suspended slantivgly im a mass of water, so that the 
lower end 1s fully immersed, while of the upper end the segment 
above the upper side of the shaft 18 uncovered. The space between 
shaft and drum 13 converted into a very wide screw-shaped canal b 
a band of sheet metal hermetically fixed edgewaystothetwo Bo 
the top and the bottom end of the dium are partially closed by flat 
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Fic 5 —Cagmardelle 


bottoms soldered or mveted to the respective edges, the lower 
one leaves a ing shiped opening between its edge and the shaft, 
which serves for the troduction of a fixed air pipe bent so as to 
reach up to new the top of the drum’s air space, in the upper 
bottom thiee quadiants aie closed, the fourth 1s hee Supposing 
the screw anal tiaced from below, to go from the left to the night, 


the drum is made to rcvolveim the same sense, and the effect 1s that, 
in each revolution the screw canal at its top end swallows « certain 


volume of an which, by the succeeding entrance of the water—w hich, 


wr, 


of course, moves relatively to the surew 
—1s pushed towards and ultimately into 
the air space at the bottomend The 
Cagmardelle y1elds a perfectly continu 
ous blast, and, as 1t 13 not encumbered. 
with any dead resistances except the 
friction of the shaft against its bearmngs 
(which can be reduced to very little) 
and the very slight friction of the water 
against the screw canal, it utilizes a 
very large percentage of the energy 
speut on it This percentage, accord 
ing to experiments by Schwamkrug, Fi. 6 
amounts to from 75 to 845, im the 7 
case of the cylinder blast 1t 1s 60 to 65 percent , with bellows, 
about 40 per cent , with the ‘* Wassertrommelgeblase 10 to 15 per 
cent Hence the ‘‘ Wassertrommelgeblase’ stands list in relative 
efficiency , but we must not forget that it alone dnectly utilizes 
native energy, while, mm the cylinder blast, for example, 100 units 
of work done by the steam engine involve a vastly gicatel energy 
spent on the engine as heat 

To maintain 2 desired temperature 1n a given furnace charged in 
1 certain mannu, the intioduction of a certain volume of air per 
unit of time 1s necessary But this quantity, ina given blowing 
machine, 13 determined by the over pressure of the wind, as 
measured by a manometer, the velocity of the wind being approxi- 
mately proportional to »/M/(B+M), where M stands for the height 
of the mercury manometer, and B for that of the barometer 
Hence the practical metallurgist, n adjusting his blast, has nothing 
to do but to see that the manometer shows the reading which, by 
previous tnals, has been proved to yield an adequate supply of win 

Fuel —In some isolated cases the ore itself, by its combustion, 
supphes the necessary heat for the operation to be performed upon 
it Thus, for instance, the roasting of blackband tron stone 1s 
effected by simply piling up the ore and setting fire to 1t, so that 
the ore 18 at the same time its own furnace and fuel, in the 
Bessemer process of steel making, the burning carbon of the pig 
iron supphes the heat necessary for 1ts own combustion, and a 
similar process has been tmed experimentally, and not without 
success, for the working up of certam kinds of pymtes But, as 4 
rule, the high ine eal required for the working of ores are pro- 
duced by the combustion of extraneous fuel, such as wood, wood- 
charcoal, coal, coke Of these four, wood charcoal 1s of the widest 
applcalnlity, but not much used in Britain eon accoynt of its 
high price High-class coke or pure anthracite, volume for volume, 
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gives the highest temperature Wood or coal 1s indicated when + 
voluminous flame 1s one of the requisites Obviously fuel of the 
same kind and quality gives a highei calorific intensity when, before 
use, 1t 1s deprived by diying of its moisture, or when 1t 18 used 1n 
conjunction with a hot instead of a cold blast This latter pnn 

cpl as every one knows, 1s largely discounted in the manufacture 
of pig iron, where nowadays coal, with the help of the hot blast, 
1s made to do what formerly could only be effected with charcoal or 
coke For further formation see Fuxn and Iron 

Chemical Operatwns —In regard to processes of amalgamation 
and to wet way processes, we have ad i Bd add to what was given 
in & previous parigraph ,1 we therefore here confine ourselves, in 
the main, to pyro chemical operations 

The method to be adapted for the extraction of a metal from its 
ore 18 determined chiefly, though not entirely, by the nature of the 
non metallic component with which the metal iscombined ‘The 
simplest case 1s that of the reguline orcs whcre there 19 no non- 
metallic element The important cases are those of GoLp, BISMUTH, 
and MERcuRY (q v ) 

Oxvdes, Hydrates, Carbonates, and Silicates —All iron and tin ores 
proper fall unde: this heading, which, besides, comprises certain orcs 
of copper, of lead, and of une In any case the first step consists 
1n subjecting the crude ore to a roagging process, the object of which 
is to remove the water and carbonic acid, and burn away, to some 
extent at least, what there may be of sulphur, arsenic, or organic 
matter The residue consists of an impure (perhaps a very 1mpure) 
oxide of the respective metal, which in all cases 1s redu ed by treat 
ment with fuel at a high tempeniture Should the metal be present 
in the silicate form, lime must be added in the smelting to remove 
the silica and laberate the oxide 

In the case of zncthe temperature required fir the reduction hes 
above the boulimg point of the metal , hence the mixture of ore and 
reducing agent (charcoal 1s generally used) must be heated in a 
retort combined with the necessary condensing apparatus In all 
the other cases the reduction 1s effected in the fire itself, a tower 
shaped blast furnace beimg preferably used The furnace is chu 
sritivalieraste layers of fuel and ote (or rather ore and flux, see be 
low), and the whole kindled from below The metallic oxide, 

artly by the direct action of the carbon with which 1t 1s 1n contact, 

Pat principally by that of the carbonic oxide produced mm the lower 

estrata from the oxygen of the blast and the hot carbon thee, 18 re- 
duced tq the metallic state , the metal fuses and 1uns down, with 
the slag, to the bottom of the furnace, whence both are withdrawn 
by the periodic opening of plug holes provided for the purpose 

Suiphides —Iron, copper, lead, zinc, mercury, silver, and anti 

mony very frequently present themselves in this state of combin 
ation, as components of a very numerous family of ores which may 
be divided into two sections (1) such as substantially consist of 
simple sulphides, as iron pymites (FeS,), galena (PbS), zinc blende 
(ZnB), cinnabar (HgS), and (2) complex sulphides, such as the 
various hinds of sulphureous copper ores (all substantially com 
pounds or mixtures of sulphides of copper and 1ron) , bournonite, 
a comple. sulphide of lead, antimony, and copper, rothgiltigerz, 
sulphide of silver, antimony, and arseme fahlerz, sulphides of 
arsenic and antimony, combed with sulphides of copper, silver, 
iron, zinc, mercury, silver, and mixtures of these and other sul 
phides with one another 

In the tieatment of a sulphureous ore, the first step as a rule 18 
to subject 1t to oxidation by roasting it 1m a reverberatory or other 
furnace, which, 1n the first instance, Icads to the burning away of at 
least part of the arsenic and part of the sulphur The effect on the 
several individual metallic sulphides (supposing only one of these 
to be present) 1s as follows — 

1 Those of silver (Ag,S) and mercury (HgS) yield sulphurous 
acid gas and metal, m the case of silver, sulphate 1s formed as an 
intermediate product, at low temperatures Metallic mercury, m 
the circumstances, goes off as a vapour, which 1s collected and con- 
densed , silver remains as a regulus, but pure sulphide of silver 18 
hardly ever worked 

2 she ring of iron and rine yield the oxides Fe,0, and ZnO as 
final products, some basic sulphate being formed at the earlier stages, 
more especially in the case of zinc 
carbon 

8 The sulphides of lead and copper yield, the former a mixture 
of oxide and noimal sulphate, the latte: one of oxide and basic 
sulphate Sulphate of lead 1s stable at a red heat, sulphate of 
copper breaks up into oxide, sulphurous acid, and oxygen In 
practice, neither oxidation process 1s eve: pushed to the end, it 18 
stopped ag soon as che mixture of 1oasting product and unchan 
sulphide contains oxygen and sulphur in the ratioof O, S_ The 
access of air 1s then stopped saa the whole heated to a higher 
' temperature, when the potential SO, actually goes off as sulphuious 
acid gas and the whole of the metal 1s eliminated as such This 
method 1s largely utilized in the smelting of lead (fiom galena} and 
of copper fiom copper pyrites In the latter case, however, the 


‘Lhe oxides can be reduced by 


e 
\ Examples are given in Gory and Corrsn See also SILVER 
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sulphide Cn,S has first to be produced from the ore, which 1s done 
substantially as follows The ore 1s roasted with silica until a 
certain proportion of the sulphur is burned away as SO,, while a 
corresponding proportion of oxygen has gone to the metal part of 
the ore Now it so nite that copper has a far greater affinity for 
sulphur than iron has , hence any locally produced oxide of copper, 
as long as sufhcient sulphide of 1ron is left, 18 sure to be reconverted 
into sulphide, and the final result 1s that, while a large quantity of 
oxidized iron passes into the slag, all the copper and part of the iron 
separate out asa mixed regulus of Cu,S and FeS (‘mat’) ‘This 
lus, by being fused up repeatedly with oxidized copper ores or 
ric. Srrhe as (virtually with CuO and silica), gradually ynelds 
up the whole of its iron, so that ultamately a regulus of pure subsul- 
phide of copper, Cu,S (‘‘fine mat ), 1s obtamed, which 1s worked 
up for metal as above explained 
4 Sulphide of antimony, when roasted 1n air, 18 converted into 
a kind of alloy of sulphide and oxide , the same holds for iron, 
only its oxysulphide 1s quite readily converted into the pure 
oxide Fe,0, by furthcr roasting Oxysulphide of antimony, by 
sultable processes, can be reduced to metal, but these processes are 
rarely used, because the same end 1s far moie easily obtamed b 
‘*precipitation,” 2¢, withdrawing the sulphur by fusion wit 
metallic iron, forming metallic antimony and sulphide of iron 
Both products fuse, but readily part, because fused antimony 1s 
far heavier than fused sulphide of iron 1s A precisely similar 
method 1s used occasionally for the reduction of }cad fiom galena. 
Sulphide of lead whcn fused together with mctallic iron in the 
ay rtion of 2Fe 1PbS yields a regulus (=1Pb) aid a ‘“‘mat” 
ef, which, however, on cooling, decomposes into FeS parts of 
ordinary sulphide and Fe puts of finely divided ron What we 
have just been explaining are only two special cases of a more 
general metallurgic proposition According to Fournet, any one of 
the metals copper, iron, tin, zinc, lead, silver, antimony, alsenic, 
in general, 1s capable of desulphunizing or precipitating (at least 
partially) any ef the others that follows it in the series just given, 
and it does so the more readily anc completely the greater the 
number of intervening terms Hence, suy posing a complete mux- 
ture ot these metals to be melted down under cucumstances admit- 
ting of only a partial sulphuration of the whole, the copper has the 
best chance of passing into the ‘‘ mat,” while the arsenic 1s the 
peas to be eliminated as such, or, in the presence of oxidants, as 
oxide 
Arsenides —Although aisenides are amongst the commonest 
impurities of ores generally, ores consisting essentially of arsemdes 
are comparatively rare The most important of them are certam 
double arsenides of cobalt and nickel, which 1n practice, however, 
are always contaminated with the arsenides or other compounds of 
foreign metals, such as iron, manganese, &c The general mode of 
working these ores 1s as follows The ore 18 first roasted by itself, 
when a part of the arsenic goes off as such and as oxide (both 
volatile), while a complex of lower arsenides remains This residue 
18 now subjected to careful oxidizing fusion in the presence of glass 
or some other fusible solvent for metallic bases e effect 13 that 
the several metals are oxidized away and pass into the slag (as 
silicates) in the following order,—first the manganese, secondly the 
non, thirdly the cobalt, lastly (and very slowly) the nickel, and 
at any stage the as yet unoxidized residue of arsenide assumes the 
form of a fused regulos, which sinks down through the slag as a 
‘“‘speis.’ (This term, as will readily be understood, has the same 
meaning 1n reference to arsenidesas‘ mat has in regard to sulphides ) 
By stopping the process at the mght moment, we can produce a 
og Which contains only cobalt and nickel, and if at this stage 
the flux is renewed we can further produce a speis which con 
tains only nickel and a slag which substantially 1s one of cobalt 
only The composition of the speises generally varies from AsMe,,, 
to AsMe,, where ‘‘ Me” means one atomic weight of metal in toto, 
so that in general 1Me=2Fe+yCo+2Ni, wherexz+y+z=1 The 
siliceous cobalt 1s utilized as a blue pigment called ‘‘smalte”, the 
nickel spets 1s worked up fo: metal, preferably by wet processes, 
Minor Reagents —Besides the oxidizing and reducing agents natu 
rally present im the fire, and the “fluxes” added for the production 
of slags, there are various minor reagents, of which the more 1m 
portant may be noticed here One—namely, metallic ron as a 
desulphurizer —has already been referred to 
Oxide of lead PbO (litharge) 1s largely used as an oxidizing agent 
At a red heat, when it melts, it iy attach» all metals etvept 
silver and gold, the general result bemg the formation of a mixed 
oxide and of a mined regulus, a distribution, in othe: words, of 
both the lead and the metal acted on between slag and regulus 
More important and more lar ely utilized 1» 1ts action on metallic 
sulphides, which, m general, results in the formation of three 
things besides sulphurous acid gas, viz, a mixed oxide slag includ- 
ing the excess of litharge, a regulus of lead (which may mclude 
bismuth and other more readily reducible metals), and, if the 
htharge 1s not sufficient for a complete oxidation, a ‘‘mat” 
comprising the mote readily sulphunzable metals Oxide of lead, 
beng a most powerful solvent for metallic oxides generally, 18 also 
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largely used for the separation of silver or gold from base metallic 


oxid__ 
Metallic lead 1s to mctals 


generally what oxide of lead 1s to 
metallic oxides It accordingly 


is availuble as a solvent for so to 


say licking up small particles of metal diffused throughout a mass 
of slag or other dross and uniting them into oneregulus I's 
naturally leads us to consider the process of ‘‘cupellation, which 


discounts the solvent powers of both metallic lead and its oxde 
This process serves for the extraction of gold and silver from their 
alloys with base metals such as copper, antimony, &c The first 
step 1s to fuse up the alloy with a certain proportion of lead, which 
as determined by the weight of base metal to be elimimated, and 
1s always sufficient to produce a lead alloy of lowfusmg point ‘his 
alloy 1s heated on a shallow dish shaped bed of bone earth to red 
ness, and at this temperature subjected to the action of air ‘The 
base metals (copper, &c ) are oxidized away, the first portions as an 
fusible scum contaiming little oxide of lead, the latter in the form 
of a solution in molten litharge Led 1s im general, less oxidiz 
able than the other base metals, hence the last instalment of quid 
litharge which runs off 1s pure, and the ultimatcly remaiming 1egu 
lus consists of silver and gold only These latter may be separated 
by nitric acid or boiling oil of vitriol, which converts the silver into 
soluble salts and leaves the gold 
Oxide of iron, and also binoxide of manganese, are used for the 
decarburation of pig non The oxygen of the reagent burns the 
carbon of the pig into carbonic acid, while the metal of the 
reagent becomes iron and FeO or MnO respectively, the oxides 
uniting with the silica added as such, or formed by the oxdation 
of the silicon of the pig, into a fusible slag 
Iron pyrites, F.S,, 1s employed for the preliminary concentration 
of trices of gold diffused throughout slags or base ores ~The reagent, 
through the action of the heat, gives up one half of its sulphw, 
which reduces part of the etic oxides present The gold and 
silver unite with what 1s left of protosulphide of iron (FeS) into a 
mat, which 1s then worked up for the noble metals 
Fluaes —Practically speaking, all ores ue contaminated with 
more or less of ganguc, which im geneial consists of mfusible 
matter, and consequently, i{ left unhecded in the reduction of 
the metallic part of the ore, would retain more or less of the metal 
disseminated through it, or at best foul the furnace To avoid this, 
the ore as it goes into the furnace 1s miaed with “fluaes so 
selected as to convert the gingue into a fusible ‘‘slag, which 
readily runs down through the fuel with the regulus and separates 
fiom the latter The quality and proportion of flux should, if pos 
siblc, be so chosen that the formation of the slag scts in only after 
the metal has been reduced and molten , or else part of the basic 
oxide of the metal to be extracted may be dissolved by the slag and 
its reduction thus be prevented or retarded Slags are not, as one 
might be inclined to think, a necessary evil if an ore were free from 
gangue we should add gangue and flux from without to producea slag, 
because one of its functions 1s to form a layer on the regulus whic 
rotects it against the further action of the blast or furnace gases 
Fluxes my be arranged under the three heads of (1) fluor spar 
(which 1g swe genervs), (2) basic fluxes and (3) acid fluxes 
Fluor spar owes its name to the facility with which 1t fuses up at 
a red heat with silica sulphates of lime and baium, and a few 
other infusible substances into homogeneous masses It shows 
little tendency to dissolve basic oxides, such as lime, &c One ork 
of fluor spar liquefies about half a part of silica, four parts of sulphate 
of lime, and one and a half parts of sulphate of baryte Upon these 
facts its wide application in unigan 1s founded 
Carbonate of soda (or potash) may be said to be the most power 
ful of basic fluxes It dissolves silica and all silicates into fusible 
glasses On the other hand, borax may be taken as a type for the 
acid fluxes Atared heat when it forms a viscid fluid, it readily 
dissolves up all basic oxides into fusible complex borates Now 
the gangue of an ore in general consists cither of some basic 
material such as carbonate of lime (or magnesia), fernc oxide, 
alumina, &c, or of silica (quartz) or some more or less acid silicate, 
or else of a inixture of the two classes of bulies So any hind of 
gangue might be liquefied by means of borax or | y means of alkaline 
carbonate , but neither of the two 1s used otherwise than for assay 
ing, what the practical metal smelte: does 1s to add to a bauc 
Pangue the peat of silica, and to an acid ore the proportion of 
ime, or, indirectly, of ferrous or perhaps mang inous oxide, which it 
may need for the formation of a slag of the proper qualities The 
Blag must possess the propei degree of saturation In other words, 
taking S10,+MeO (where MeO means an equivalent of base) as @ 
formula for the potential slag, x must have the proper value If 
1s too small, 1 ¢, if the slag 1s too acid it may dissolve up part of 
the metal to be brought out asa silicate , if x 15 too great, 2 ¢ , the 
slag too basic, 1t may refuse to dissolve, for instance, the ferrous oxide 
which 13 meant to go into it, and this oxide will then be reduced, 
and its metal (iron in our example) contaminate the regulus In 
reference to the problem under discussion, it 18 worth noting that 
oxides of lead and copper are more readily reduced to metals than 
oxide of iron Fe,0, 13 to FeO, the latter more readily to FeO than 
td 
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FeO itself to metal, and FeO more readily to metal than manganous 
oxide 18 Oxide of calcrum (hme) 1s not reducable at all The 
orde: of basivity in the oxides (then readiness to go into the slag) 1s 
precisely the 1everse 
Most slags being, as we have seen complex silicates, 1t 18 a most 
important problem of scientific metalluigy to determine the relations 
im this class of bodies between chemical composition on the one 
hand and fusibility and solvent power for certain oxides (CaO, FeO, 
| $10, &c ) on the other Now the composition of a mlicate can be 
stated in an infinite number of ways, but there must be one mode 
of formulation which reduces the Jaw to its simplest terms The 
| mode adapted by metallurgists 1s something hke the following If 
we start with the quantity H,Cl, of munatic acid or the quantity 
H,SO, of sulphune acid, it 18 clear that to convert either unto a 
normal salt we 1equ're such a quantity of base as will convert the 
H, of the acid completely into water, but the quantity of base that 
does so 18 that containing one atomic weight of ox\gen Henceit 
1s reasonable to define the quantities KO of potash,? N. ~ of soda,} 
CaO of lime, MgO of magnesia, FeO of ferrous oxide, §A1,0,( = alO) 
of alumina, 4Fe,0,( = feO) of ferric oxide, as representing each ‘‘ one 
equivalent’ of base also in reference to silica, althou,h silica has a 
characteristically indefinite bagcity Most slags are alloys or com 
pounds of silicates of Al,O, or Fe,0,, and of silicates of protoxides 
(CaO, &c ), hence ther general composition 18 
n(RO +2aS10,) + m[(fe or al)O +2810,) 
This introduction will enable the reader to understand the 
following mode of classifying and naming composition 1n silicates 
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Base Acd 
I Singulo mlicates $510.4+-1M0 1 1 j 
II Bi silicates 1810,+-1M0 1 2 
Ill Tn slates 3510,+1M0 1 3 1 2 


The names are the metallurgic ones , scientific chemists designate 
Class I as orthosilicates, Class II as metasilicates, Class III as sesqui 
silicates In the formule M stands for K., Ca, Fe, &c , or for ale 
$Al, fo=4Fe &c , or, shortly, MO for one equivalent of base as 
above defined It should be possible to represent each quality of a 


silicate as a function of 2, = andof the nature of the individual bases 
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that make up the RO and (fe or al) O respectively Our actual 
knowledge falls far shot of this possbility The problem, in fact, 
1s a very tough one, the more so as 1t 18 complicated by the existence 
of alumninates, compounds such as A],0, 3Ca0, in which the alumma 
plays the part of acid, and the occasional existence of compounds 
of fluorides 1nd silicates in certain slags The following notes on 
the fusibility of simple silicates are taken from Plattner s researches 

Of the hme silicates, the tri silicate melts at 2100°C, the i 
silicate at 2150° 

Magnesia silicates are most 1efractory The bi silicate and ti 
silicate melt in the oxyhy drogen flame at 2250° 

Of manganous silicates, the easily fusible bi silicate 1s yellow or 
red, the tri silicate 18 more refractory 

Of cuprous (Cu,0) silicates, the bi silicate 1s violet, and melts 
pretty easily, the singulo silicate 1s red, dense, and rather refractoiy 

Cupnic silicates, as slags, hardly exist,—the CuO being always 
reduced to at least Cu,O 

Lead silicates all melt readily into j ellowish transparent glasses 
But they have no standing as 

As regards the ferrous silicates, the singulo silicate (orthosilicate) 
fuses at 1790° (this 1s about the composition of iron puddling slag), 
the bi silicate 1s Jess readily fusible 

Ferric silicates (unmixed) do not exist as slags,—the Fe,O, being 
reduced. in the fire to 1FeO, although FeO, occasionally replaces 
part of the Al,O; i complex silicates 

Alumina silicates are all infusible in even the hottest furnace 
fires They begin to soften in the oxyhydiogin flame at about 
2400° But certain alummates, for instance the salt 8CaO 1A1,0, 
according to Sefstrom, melt at furnace heats 

The fusing points of mixtures of two simple silicates cannot be 
cilculated from those of the components In many cases it 18 lower 
than either of the latter two Thus for instance most magnesia 
lime silicates fuse,—the bi silicate combination (Mg, Ca)OS10, most 
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Alumina silicates become fusible by addition of a sufficient pro- 
ortion of silicate of lame at about 1918° The singulo silicate and 
1 silicate combinations melt into grey glasses Magnesia acts like 
lime, and so,1n a more limited sense, do ferrous and manganons 
oxides , but their double compounds with Al,O, and silica are more 

viscid when fused 
Plattner’s work 1s a bold attempt to deal synthetically with the 
problem here presented, but it does not go the length of even an 
approximate solution No one seems to have done much to con- 
tinne it, hence in the meantime the metallurget has, fr his 


1 Few slags contain more than traces of alkalies 
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guidance, to rely on the very numerous analyses which have been 
made of slags actually produced (by the rule of thumb) m successful 
metallurgical operations For some of such slags also Plattner has 
determined the fusing points He found for (1) Fretberg lead slag, 
9RO, 8al0, 88:0, , oxygen ratio, 3 4, melting pomt at 1317°C , 
(2) Freiberg ciude slag, 15RO, S8al0, 188:0,, oxygen ratio, 1 1, 
melting point at 1831°C , (8) Freiberg black copper slag, 24Fe0, 
Al,0,, 15810,, oxygen ratio, 9 10, melting point at 1888° C , 
(4) High furnace slag, 6CaO, Sal0, 9810,, oxygen ratio, 1 1 
melting point at 1481° C2 
Metallurgu <Assayong —To assay an ore 0 liy meant to 
execute a set of tentative experiments on a small scale in order to 
find out the proper mode of working 1t practically But nowadays 
the term 1s always used in the sense of an analysis carried out to 
determine the money value of an ore For this purpose, in many 
cases it 18 sufficient to determine the percentages of the metals for 
which the ore 1s meant to be work But sometimes nothing 
short of a eae Pe analysis will do This holds more especially of 
ores of 1ron this metal 1s cheap the value of an ore contamnmg 
it depends as much on the nature and relative quantities of the m 
purities as on the percentage of metal The proved absenceof sulphur 
and phosphorus may be worth more gben an additional 5 per cent 
of iron, which latter again would pefhaps not compensate for the 
proved presence of a large percentage of uncombmned silica 
An assay to be of any value must start with a fair sample of the 
object of sale The fulfilment of this condition in all cases 1s 
difficult The general method 1s, from say a given ship load of o1e, 
to take out (say) half a ton of ore from a large number of different 
places and to crush this large sample into small fragments of uniform 
size, which are well shovelled up together Fiom different parts of 
this ore heap a sample of the second order—amounting to, say, 20 
Tb—1s then drawn, and 1endered moie homogeneous by finer powder 
ing and From this sample of the second (or perhaps from 
one of the third) order quantities of 1 or 2 tb are bottled up for 
assaying At the same time the moisture of the ore 1s determined, 
ona large scale, by some conventional method such as the drying of 
1 or 2 tb in an open basin at 100° C , and weighing of the residue as 
dry ore This 1s done at the sampling place by the firms concerned 
The assayer further pounds up and mixes his sample, and then pro 
ceeds to determine the percentages of moisture ail metal in his own 
wiy He has always the choice between two methods the dry and 
the wet Hor the majority of gold or silver ores, and for cobalt and 
nickel ores almost as a rule, certain dry process tests are preferred 
as the most exact analytically In almost all other cases 1t may be 
said that the wet method 1s susceptible of the higher degree of pre 
cision, yet even in some of these cases the old dry process tests are 
arate to the present day For mstance all copper ores in the 
ritish Isles are sold by the result of the Swansea assay, a kind 
of umitation of the process of sulphureous copper ore smelting, and | 
this singularly, 1s adhered to even in the case of such cupriferous ° 
materials as are worked by the wet way, although the Swansea 
assay 18 well known to lose about 1 per cent of the copper present 
A copper smelter therefore had better buy 5 per cent than 10 per 
cent Coupee pyrites cindeis because in the first case he pays only 
for four fifths, while in the latter he must pay for nine tenths of 
the copper present. To ag pers for this anomaly, empirical 
methods have been contiived for calculating prices (Ww D) 


METALS The earliest evidence of a knowledge and 
use of metals 1s found in the prehistoric implements of 
the so-called Bronze and Iron ages In the earliest periods 
of written history, however, we meet with a number of 
metals im addition to these two The Old Testament 
mentions six metals—gold, silver, copper, iron, tin, and 
lead The Greeks, m addition to these and to bronze, 
came also to know mercury , and the same set of metals, 
without additions, forms the hst of the Arabian chemists 
of the 8th and of the Western chemists of the 13th cen- 
tury During the 15th century Basilus Valentinus dis- 
covered antimony, he also speaks of zinc and bismuth, 
but their individualtty was established only at a later period 
About 1730-40 the Swede Brand discovered arsenic and 
cobalt (the former 1s not reckoned a metal by modern 
chemists), while the Englhshman Ward recognized the 
individuality of platmum Nickel was discovered in 1774 
by Cronstedt, manganese m 1774 by Scheele The 
brothers D’Elhujart, in 1783, prepared tungsten , Hjelm, 
fn 1782, isolated molybdenum from molybdic oxide, where 


1 For further mformation on slags, see Berthier, Tratté des essars par 
la vow siche, Winkler, Er fahrunyssittvee uber die Budung der 
Schlacken, Freibeag, 1827, Plattner, Vorlesungen uber allgemene 

1p) 28 ag, Percy, Metallurgy 
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its existence had been conjecturally asserted by Bergmann 
in 1781 Uranium, as a new element, was discovered by 
Klaproth in 1789 , but his metallic “ uranium,” after having 
been accepted as a metal by all chemists until 1841, was 
then recognized as an oxide by Péhgot, who subsequently 
isolated the true metal Tellurium was discovered by Muller 
von Reichenbach in 1782 (again by Klaproth mm 1798), 
titanium, by Klaproth in 1795, chromum, by Vauquelin 
in 1797, tantalum, by Hatchett in 1801, and by Ekeberg 
in 1802 Palladium, rhodium, indium, and osmium 
(which four metals always accompany platinum 1n 1ts ores) 
were discovered, the first two by Wollaston in 1803, the 
other two by a number of chemists, but their peculianty 
was established chiefly by Smithson Tennant 
After Davy, m 1807 and 1808, had recognized the 
ilkalies and alkaline earths as metallic oxides, the existence 
of metals in all basic earths became a foregone conclusion, 
‘hich was verified sooner or later in all cases But the 
discovery of aluminium by Wohler m 1828, and that of 
magnesium by Bussy mm 1829, claim special mention 
Cadmium, a by no means rare heavy metal, was discovered 
mly in 1818, by Stromeyer 
Of the large number of discoveries of rare metals which 
have been made in more recent times only a few can be 
mentioned, as marking new departures 1 research or offer 
ing other special pomts of terest In 1861 Bunsen and 
Kirchhoff, by means of the method of spectrum analysis, 
which they had worked out shortly before, discovered two 
iew alkali metals which they called caesium and rubidium. 
By means of the same method Crookes, in 1861, discovered 
thallium , Reich and Richter, in 1863, dium , and Lecoq 
de Boisbaudran, in 1875, galuum The emstence of the 
last-named metal had been maimtamed, theoretically, by 
Mendelejeff, as early as 1871 The existence of vanadium 
was proved in 1830 by Sefstrom, but what he, and sub- 
sequently Berzelius, looked upon as the element was, m 
~867, proved to be really an oxide by Roscoe, who also 
succeeded 1n isolating the true metal 
The development of earlier notions on the constitution 
if metals and their genetic relation to one another forms 
the most interesting chapter in the history of chemistry 
(see ALCHEMY) What modern science has to say on the 
matter 1s easily stated all metals properly so called (ve, 
all metals not alloys) are elementary substances , hence, 
chemically speaking, they are not “constituted ” at all, and 
no two can be related to each other genetically m any way 
whatever Our scientific instinct shrmks from embracing 
this proposition as final, but im the meantime it must be 
accepted as correctly formulating our ignorance on the 
subject All metallic elements agree in this that they form 
each at least one basic oxide, or, what comes to the same 
thing, one chloride, stable in opposition to lquid water 
This at once suggests an obvious defimtion of metals as a 
class of substances, but the definition would be highly 
artificial and objectionable on principle, because when we 
speak of metals we think, not of their accidental chemical 
relations, but of a certa sum of mechanical and physical 
properties which unites them all mto one natural family 
What these properties are we shall now endeavour to 
explain 
All metals, when exposed mm an imert atmosphere toa 
sufficient temperature, assume the form of liquids, which 
all present the followmg characteristic properties They 
are (at least practically) non transparent , they reflect hght 
in @ peculiar manner, producmg what 1 called “metallic 
lustre” When kept in non metallic vessels they take the 
shape of a convex meniscus. These hquids, when exposed 
to higher temperatures, some sooner others later, pass into 
vapours What these vapours are lke 1s not known in 
many cases, since, as & rule, they can be produced only at 
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very high temperatures, precluding the use of transparent 
vessels Silver vapour 18 blue, potassium vapour 1s green, 
many others (mercury vapour, for instance) are colourless 
The liquid metals, when cooled down sufficiently, some at 
lower others at higher temperatures, freeze into compact 
solids, endowed with the (relative) non transparency and 
the lustre of their liquids These frozen metals in general 
form compact masses consisting of aggregates of crystals 
belonging to the regular or rhombic or (more rarely) the 
quadratic system But im many cases the crystals are 80 
closely packed as to produce an apparent absence of all 
structure Compared with non metallic solids, they in 
general are good conductors of heat and of electricity 
But therr most characteristic, though not perhaps their 
most general, property 1s that they combine in themselves 
the apparently incompatible properties of elasticity and 
ngidity on the one hand and plasticity on the other To 
this remarkable combination of properties more than to 
anything else the ordinary metals owe their wide applica 
tion in the mechanical arts In former times a high 
specific gravity used to be quoted as one of the characters 
of the genus , but this no longer holds, since we have come 
to know of a whole senes of metals which float on water 
Let us now proceed to see to what degree the mechanical 
and physical properties of the genus are developed in the 
several individual metals 
Non Transparency —This, in the case of even the solid 
metals, 15 perhaps only a very low degree of transparency 
In regard to gold this has been proved to be so, gold leaf, 
or thin films of gold produced chemically on glass plates, 
transmit hght with a green colour On the other hand, 
those infinitely thin films of silver which can be produced 
chemically on glass surfaces are absolutely opaque Very 
thin films of liquid mercury, according to Melsens, transmit 
light with a violet blue colour, also thin films of copper 
are said to be translucent Other metals, so far as we 
know, have not been more exactly mvestigated in this 
direction 
Colour —Gold 1s yellow , copper 1s red, silver, tin, and 
some others are pure white, the majority exhibit some 
modification or other of grey 
Rerlexion of Inght —Polished metallic surfaces, like 
those of other solids, divide any meident ray into two 
parts, of which one 1s refracted while the other 1s reflected,— 
with this difference, however, that the former 1s completely 
absorbed, aud that the latter, in regard to polarization, 1s 
quite differently affected! The degree of absorption 1s 
different for different metals According to Jamin, the 
remaining intensity, after one and ten successive perpen 
dicular reflexions respectively from the metal murrors 
named, 18 as follows (orginal intensity = 1) — 


Silver Speculum Metal Steel 


1R 


1R 
692 
632 
599 


10R|1R 
035 = 609 
010 | 599 
006 | 599 


10R 
478 
339 
242 


10R 
007 
006 
006 


929 
905 
867 





This shows the great superiority of silver as a reflecting 
medium, especially in the case of repeated reflexion 

Crystalline I’orm —Most (perhaps all) metals are capable 
of crystallization, and in most cases isolated crystals can be 
produced by judiciously managed partial freezing The 
crystals belong to the following systems —regular oy stem 
—silver, gold, palladium, mercury, copper, iron, lead, 
quadi ate: system—tin, potassium , rhombic system—anti 
mony, bismuth, tellurium, zinc, magnesrum 

Structure —Perhaps all metals, in the shape which they 
assume in freezing, are crystalline, only the degree of 


1 This my be the cause of the peculanty of metallic lustre 
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visibility of the crystalline arrangement 1s very different 
in different metals, and even in the same metal varies 
according to the slowness of solidification and other 
circumstances 

Of the ordimary metals, antimony, bismuth, and zinc 
may be mentioned as exhibiting a very distinct crystalline 
structure a barshaped mgot readily breaks, and the 
crystal faces are distinctly visible on the fracture Tin 
also 18 crystalline a thm bar, when bent, “creaks” 
audibly from the shding of the crystal faces over one 
another, but the bar 1s not easily broken, and exhibits an 
apparently non-crystalline fracture —Class I 

Gold, silver, copper, lead, aluminmm, cadmium, iron 
(pure), nickel, and cobalt are practically amorphous, the 
crystals (where they exist) bemng so closely packed as to 
produce a virtually homogeneous mass —Class IT 

The great contrast in apparent structure between cooled 
ingots of Class I and of Class II appears, however, to be 
owing chiefly tothe fact the, while the latter crystallize in the 
regular system, metals of Class I form rhombic or quadratic 
crystals Regular crystals expand equally in all directions, 
rhombic and quadratic ores expand differently in different 
directions Hence, supposing the crystals immediately 
after their formation to be m absolute contact with one 
another all round, then, in the case of Class II, such con 
tact will be maintamed on cooling, while in the case of 
Class I the contraction along a given straight line will in 
general have different values im any two neighbouring 
crystals, and the crystals consequently become, however 
slightly, detached from one another The crystalline 
structure which exists on both sides becomes visible only 
im the metals of the first class, and only there manifests 
itself as brittleness 

Closely related to the structure of metals 1s their degree 
of “plasticity’ (susceptibility of bemg constrhined mto 
new forms without breach of continuity) This term of 
course includes as special cases the qualities of “ malle 
abihty” (capability of being flattened out under the 
hammer) and “ductility ’ (capability of bemg drawn into 
wire), but 1t 1s well at once to point out that these two 
special qualities do not always go parallel to each other, 
for this reason amongst others that ductility in a Ingher 
degree than malleability 1s determmed by the tenacity of 
a metal Hence tin and lead, though very malleable, are 
little ductile The quality of plasticity 1s developed to 
very different degrees in different metals, and even in the 
same species 1t depends on temperature, and may be 
modified by mechanical or physical operations A bar of 
zinc, for instance, as obtained by casting, 1s very brittle, 
but when heated to 100° or 150°C it becomes sufficiently 
plastic to be rolled mto the thinnest sheet or to be drawn 
into wire Such sheet or wire then remains flexible after 
cooling, the originally only loosely cohering ciystals having 
got mtertwisted and forced into absolute contact with one 
another,—an explanation supported by the fact that rolled 
zinc has a somewhat higher specific gravity (7 2) than the 
original ingot (69) The same metal, when heated to 
205° C, becomes so brittle that it can be powdered in a 
mortar Pure won, copper, silver, and other metals are 
easily drawn into wire, or rolled into sheet, or flattened 
under the hammer But all these operations render the 
metals harder, and detract from their plasticity Their 
original softness can be restored to them by “annealing,” 
1e, by heating them to redness and then quenching them 
in cold water In the case of iron, however, this applies 
only if the metal 1s perfectly pure If 1t contains a few 
parts of carbon pet thousand, the annealing process, instea 
of softening the metal, gives 1t a “temper,” meaning & 
higher degree of hardness and elasticity (see below) 

What we have called plasticity must rot be mixed up 
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with the notion of softness, which means the degree of 
facility with which the plasticity of a metal can be dis 
eounted Thus lead 1s far softer than silver, and yet the 
latter 1s by far the more plastic of the two The now 
famous experuments of Tresca (Comptes Rendus, hx 754) 
show that the plasticity of certaim metals at least goes 
considerably farther than had before been supposed He 
operated with lead, copper, silver, iron, and some other 
metals Round disks made of these substances were 
placed in a closely fitting cylindrical cavity drilled m 
a block of steel, the cavity having a circular aperture 
of two or four centimetres below By means of an 
hydrauhe press, apphed to a superimposed piston, a 
pressure of 100,000 kilos was made to act upon the disks, 
when the metal was seen to “flow out of the hole lke a 
viscid quid In spite of the mmmense rearrangement of 

rts there was no breach of continuity What came out 

low was a compact cylinder gwith a rounded bottom, 
consisting of so many layers superimposed upon one 
another Parallel expermments with layers of dough or 
sand plus some connecting material proved that the 
particles mm all cases moved along the same tracks as 
would be followed by a flowing cylinder of liquid Of the 
better known metals potassium and sodium are the softest, 
they can be kneaded between the fingers hke wax After 
these follow first thallium and then lead, the latter bemg 
the softest of the metals used in the arts Among these 
the .oftness decreases n about the followimg order —lead, 
pure silver, pure gold, tm, copper, aluminium, platmum, 
pure iron As lyjuidity might be looked upon as the ne 
plus ultia of softness, this 1s the mght place for stating 
that, while most metals, when heated up to their meltmg 
points, pass pretty abruptly from the solid to the liquid 
state, platmum and iron first assume, and throughout a 
long range of temperatures retain, a condition of viscous 
semi solidity which enables two pieces of them to be 
“welded together by pressure into one continuous mass 
Potassium and sodium might probably be welded if their 
surfaces could be kept clear of oxide 

According to Prechtl, the ordinary metals, mm regard to 
the degree of facility or perfection with which they can be 
hammered flat on the anvil, rolled out mto sheet, or 
drawn ito wire, form the following descending series — 


Han veri Rolling wnto Sheet Drawing into Wire 
Lead Gold Platinum 
Tm Silver Silver 
Gold Copper Iron 
Zinc Tin Copper 
Silver Lead Gol 
Copper Zine Zine 
Platinum Platinum Tin 


Tron Thon Lead 
To give an idea of what can be done im this way, 1t may 
be stated that gold can be beaten out to leaf of the thick 
ness of sey mm, and that platinum, by judicious work, 
can be drawn into wire ygigg mm thich 
By the hardness of a metal we mean the resistance 
which 1t offers to the file or to the engravers tool Taking 
it im thie sense, 1 does not necessanly measure, eg, the 
resistance of a metal to abrasion by fmction Thus, for 
instance, 10 per cent alummuum bronze 1s scratched by an 
edge tool made of ordinary steel as used for knife blades 
And yet 1t has been found that the sets of needles used 
for perforating postage stamps last longer if made of 
aluminium bronze than they do if made of steel 


Hlastvevty —All metals are elastic to this extent that a change of 
form brought about by stresses not exceeding certain mit values, 
¥ disappear on the streas beng removed ‘Strains exceeding the 

limit of-elasticity result in permanent deformation or (if suffi 
ciently great) in rupture Where this limit lies 1s in no case pre 
cwely known According to Wertheim! (who has done more for 
our knowlgdge of the subject than any one else) and Hodgkinson, 
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the real law seems to be petty much as indicated by the two curves 
on the accompanying diagram, where in reference to a metallic 
wire, stretched by an appended weight, the abscissa alwiys means 
the numerical value P of the weight, the ordinate of the upper curve 
the total elonga 

tion caused by P, 
the ordinateof the 
lower curve that 
part of the elong 

ation which re 

mains when P 1s 
removed, so that 
the piece of the 
ordinate between 
the two curves 
gives the tempor 

ary (‘‘elastic )ex 





s10D From 
alee adel” . 
somewhat indefi 6“ a—C”W”__—SOWd BSE 
nite point (@ or A) 2 


both curves are nearly straight lines, the lower almost comnciding in 
its beginning with the axis of abscisse from that poit onwards 
these two curves approach each other and at a short distance from 
the point of rupture the ag eed converge towards intersection For 
any value of P which hes fairly on the safe side of A, we have ap 
proximately 
iP 
A=™—€, 

where A means the elastic (or substantially the total) e 
the length and g the square section of the wire or cylin 
operated upon The reciprocal of e(viz E=1/e) 1s called the 

modulus of elasticity 

Wertheim has determined this constant for a large number of 
metals and alloys Heused three methods one was to measure the 
elongations produced in a wire of given dimensions by a succession 
of charges the other two conssted in ene measured bar to 
g1ve off a musical note by (a) longitudinal and (6) transversal vibra 
tion and counting the vibrations per second The following table 
gives some of his results Column 2 gives the constant E for 
millimetre and hilogramme Hence 1000/E 1 the elongation in 
millimetres per metre length per kilo Column 3 shows the charge 
causing a permanent elongation of 0 0. mm per metre,—which, 
for practical pur] oses, he takes as giving the limit of elasticity, 
column 4 gives the breaking strain Values of E im square 
brackets [ § are derived from vibration expermments the rest 
fiom direct measurements of elongations “Numbers in round 
brackets ( ) do not necessarily refer to the same specimen as the 


nsion, | 





For Wire of 1 Square mm 
Section Weight (in 
hulos) causing 








1 803 21 
12 0 138 
[3 993] (2 45) 
[4 060} 
[o 5) 2 4 
[4 7) 
8 132 27 
5 585 3 10 
Silver drawn 338 11 29 
annealed ~ 141 2 lo 
Zinc pure cast in mould 9 021 
Zine ordinary drawn 8 35 05 13 
annealed [9 467} 1 00 | 
Palladium drawn 11 039 Ib 
annealed 9 89 under 5 27 
Copper drawn 1° 449 ] 40 
mans ecto - ak , 0 510 under 3 30 
um w. medium thickness - 
drawn j 1” 004 (26) 
annealed 15 318 (14) 
Platnum wire thick drawn 15 987 34 
annealed 
| 


The above numbers may be assumed to hold for tem} eraturcs from 
15° to 20°C =—- Wertheim executed determinations also at other tem 
peratures but, as his numbers do not appear to reveal the true 


2 From Du Brery 3 Approximate by H St Clar Deville 
4 From defiexion of hammered bar of 5mm thickne s charged in the middle 


determined by W Dittmar 
& Composition ZnCu, (Werthebn) 6 i esas vy (Wertheim) 
— 9 ® 
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relations betwee. & and temperature, we quote the results of 
Kohlrausch and Loomis who found the following relations between 
the modulus E, for 0° C and the value E; for +¢°C — 

Iron he==F {1 000488 ¢— 0000001222) 

C pper ke=ho(l— 000072 ¢— 0000002872) 

Brass Ez Fo(l— 000485 ¢— 0000013672) 
Thus, for these thiee metals .t least, the value of L diminishes, 
when temperature increases, at pretty much the same late per 
degree of temperature 

Specific Gravity —This varies in metals fiom 594 (lithtum) to 

22 48 (osmium), and in one and the same syecies 1s a function 
of temperature and of previous physical and mechanical teat 
ment It has in general one value for the ste dery metal as 
obtained by reduction of the oxide in hydrogen below the melting 
oint of the metal, another for the metal m the state which 
It assumes spontaneously on freezing and this latter value again, 
in general, 18 modified by hammenmng, rolling, or wire drawing &c 
These mechanical operations do not necessarily add to the density 
stamping 1t 13 true, does so necessinly, but rolling o1 drawing 
occasionally causes a dimimution of the density Thus for 
instance chemically pure iron in the ingot has the specific pan 
7 844, when it 1s rolled out into thin sheet the value falls to 
76 when drawn into thin wue to7 75 (Berzehus) The follow 


ing table gives the specific gravities of all metals (except a few 
very raile oncs) according to the most trustworthy modern de 

termitations Where special statements are not made the numbers 
may be assume] to hold for the ordinary temperature (15° to 17° o1 
20°C ) 1efer1e1 to water of tho same temperature (specific gravity 
=1) asastandard and to holl for the natural frozen metal. 
















Name of Met | S} ecific Gravity Authority 
Lithium 594 Bunsen 
f otassium 875 Baumhauer 
Sodium 973v 
Rub dium 152 Bunsen 
Calerum 1578 Bunsen and Matthiesen 
Magnesium 1 748 Bunsen 
Ces um 1 88 Setterbarg 
Berylhum 21 Debray 
Strontiamn 25 
Aluminium pure ingot 2 583 at 4 Mallet 1880 
Aluminium ordinary hammered) 2 67 
Ba ium over 4 Claike 
Ziicomum 415 Troost 
Vanadium pow le1 5 Roscoe 
Galltum 9 Ine q de Boisbaudran 
Tanthanu n 6 163 
Didymiun 6 044 Hillebrandt and Norton 
Ce11um 6 728 
Antimony € 715 at 16 Marchand and Scheerer 
Chromium ¢ 81 Wohler 
Zinc, {1 got 6 915 haisten 
Jolled cut 72 
Ma ganese 714to72 Branner 
‘lin cast 29 to 7 299 V inous authorities 
crystallized by galvanic cur 
2ent fiom solutions ; 7178 W.5 siler 
Indium «4 7 42 Richter 
Tron cl emically pure imgot 844 Beizelius 
t! n sheet e 
wrought high quality 8to 9 
Nickel ing t 8 279 Richter 
fread 8 6¢¢ 
Cadmium ing t 8 46 Sct 10de1 
hammered 8 C7 
an r ba to 87 
olybdenum containing 4 tov 
pet cent of carbon } sa Debray 
Coppei nati 8 94 
cist 8 92 Ma chand and Scheerer 
wne or thi1 sheet 8 94 to 895 
electrotype pure 8 J45 Hamye 
Bismutl J 823 at 12 Holzmann 
Silver ca t 104 to 105 
stamped 10 57 C Rose 
Lead very slowly frozen 11 254 Deville 


quickly f ozen in cold water, 11 363 
















I alladiu 11 4 at 22 5 Devi Je and Debray 
Thallium 11 86 Crookes 
Rhodium 121 Bur sen 
Ruthenium 12 2 at 0 De alle and Debray 
Mercury liquid 18 595 at 0 H Koyp 
7 solid 14 89 below —40 
Tungsten compact b H, fiom 16 of 
chloride vay our Wohler 1855 
as reduced by! ydio 
sea snowder yy 19 18 Roscoe 
Uianium 18 38 }éhizot 1868 
Gold ingot 19 260 at 13° M tthiesen 
acer rere 19 31 to 19 34 G Rose 
powder precipitate 
feirous sulphate : t 1955to19 ° 
Platinum puie 91 46 
Tridi1um 22 40 
Osmium 22 477 Deville ani Debray 1876 






Thermrc Propertues —The sp xcific heats of most metals have been 
determined very carefully by Rognault The general result 1s that 
conformably with Dulong and Petits law the atomic heats all 
come to very neaily the same value (of about 64) 2¢, atomic 
weight by specific heat=6 4 Thus we have for silver by theory 
6 4/108—= 0598, and by experin ent 0570 for 10° to 100° C 


The expansion by heat varies greatly The following table gives 
the linear expansions from 0° to 100°C according to Fizeau (Comptes 
Rendus, lxvi 1125), the length at 0° being taken as unity 





Expansion 
0 to 100° 
000 907 
001 451 


Name of Vetal 


Platinum cast 
Gold cast 
Silver cast 
Copper native fiom Lake Supetior 
Copper artificial 
Tron soft as used for electiomagnets 
reduced by hydrogen and compressed 

Cast steel English annealed 
Bismuth in the direction of the axis 

at right angles to axis 

mean expansion calculated 
Tin, of Malacca comp essed powder 
Lead cast 
Zme distilled compiessed powder 
Cadmium distilled compressed powder 
Aluminium cast 
Brass (715 per cent coppe: 285 per cent zinc) 
Bronze (86 3 per cent coppe: 97 per cent tin 4 Oper cent zinc) 





The coefficient of expansion 18 constant for such metals only as 
crystallize in the regular sy@tem, the others expand differently 
in the directions of the different axes To eliminate this source 
of uncertainty these metals were employed as compressed powders 
The cubical expansion of mercury from 0° to 100°C 1s 018153 
=s5'yy7_(Regnault) 

Fusibility and Volatility —The fosibility m different metals 
18 vely different, as shown by the following table, which, 
besides including all the fusing points (in degrees C ) of metals 
which have been determined numerically, indicates those of a 
selection of other metals by the positions assigned to them in the 
table Of the temperatures given those above (say) 500°( must 
be looked upon as rough approximations 


Name of Metal 









Meicuy 
Cesium 
Gallium 
Rubidium 
Potassium 
Sodium 
Lithium 















Indium 
Tn 
Bismuth 
Thallium 


Lead 
Antumony 
(d Person 
Damell. 
Incynent Red Heat Pouillet 
Magnesium 
Alum: 1um 
Cherry Red Heat Pouiliet 
Silver Becquerel 
Gold 
Yellow Heat Pouillet 
Copper 
Thon wiought 
chemically pure 
Cobalt 
Nickel 
Uranium 


Dazzling White Heat 


Palladium 1s ba ely fusible at the highest wind furnace heat The following 
melt only in the oxyhydi gen flam 


Platinum 2 000 
Thidium 
Rhodi n 
Ruthenium 
Max Temp of Oxyhydrogen Flame 2 870 Bunsen ! 


| Osmium does not melt at 2870 :e¢ is as yet infumble 


















Richter?) 
Rudberg 


Lamy 
Rudberg 













? 
1500 to 1 600 | Poulet 






Of the volatility of metals we have little precise knowledge, 
only the following boiling points are known numencally — 


Name of Metal. 


Authority 





Boiling Point 


Mercury 357 3 Regnault 

Cadmium 860 Deville and Troost 
Zinc 1 040 

Potassium below 1040 | Dewar and Dittmar 
Sodium above 1 040 


Tor practical purposes the volatility of metals may be stated as 


follows — 


1 Distillable below redness mercury 
2 Dhstillable at red heats cadmium, alkali metals, zinc, mag 


nesium 


3 Volatilized more or less readily when heated beyond thar 


fusing pomts in open crucibles 


bismuth, tin, silver 


antimony (very readily), lead, 


| Jahsesb f Chem, 1867 p 41 Phu aig xxxiv 880 
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4. Barely 80 gold, (copper) 

5 Practically non volatile (copper), iow, nickel, cobalt, alu 
minum, slso lithium, barium, strontium, and calcium 

In the oxyhydiogen flame silver boils, forming a blue vapour, 
while platinum volatilizes slowly, and osmium, though infusible, 
very readil 

atent Heats of Inquefacton—Of these we know hittle The fol 

lowing numbers are due to Person—ice, 1t may be stated, bemg 80 






Mercy 





Bismuth 


Of the latent heats of vaponzation only that of mercury has been 
determined —by Mamgnac, who found it to be 1023 to 106 units 

Conductunty —Conductivity, whether thermic or electric, 18 very 
differently developed in different metals, and, as an exact know 
ledge of these conductivities 18 of great scientific and practical 
importance, much attention has been given to their numerical 
determination The followmg aie the modes in which the two 
conductivities have been defined as quantities 

1 Thermeac —Imagine one side (I) of a metallic plate, D units 
thick, to be kept at the constant temperature ¢,, the other (II) at 
t After a sufficient time each point between I and II will be at 
a constant intermediate temperature, and in every unit of time a 
constant quantity Q of heat will ae from any circumscribed area 
8 pn I to the opposite area S on 11, according to the equation 


_-) Sti — 4) 
en aa 


1 1s called the (internal) conductivity of the metal the plate 18 
made of It 1s, strictly speaking, a function of ¢, and 4, but 
within a given small interval of temperatures 1t may be taken as a 


constan 
2 ze — When a given constant battery 1s closed successively 
by different wires of the same sort, then, according to experience, 
the strength I of the currant (as measured for instance by the heat 
equivalent of the electricity flowing through the circuit in unit of 
time) 1s in accordance with the equation 

e A/l=1+rijs, 
where J 1s the length and s the square section of the wne, while A 
18 & constant hich, for our purpose, need not be defined in regard 
to its physic@l meaning, 7 measures the specific resistance of the 
ee metal Supposing a certain silver wire on the one hand 

da certain copper wire on the other, when substituted for each 
other, to produce currents of the same strength, we have 

: 111/81=1el2 /$2, 
1 /rg=8ylo/(s gh =k 

where | the computed value of the ratio on the night hand side 
Hence, taking rg, the resistance of copper, as unity, we have 
7;=k,1¢, & gives us the specific resistance of silver, that of copper 
bemg taken~1 In this relitive manner resistances are waually 
measured, silver generally beng taken as the standard of compari 
son Sup B the relative resistance of a metal to be R, the re 
ciprocal 1/K 1s called its ‘‘electric conductivity’ For the same 
metal R varies with the temperature, the higher temperature cor 
responding to the higher resistance The following table gives the 
electric conductivities of a number of metals as determined by 
Matthiesen, and the relative internal thermic conductivities of 
(nominally) the same metals as determined by Wiedemann and 
Franz, with rods about 5 mm thick, of which one end was kept 
at 100°C, the rest of the rod im a “‘ vacuum’ (of 5 mm tension) 
at 12°C Matthiesens results, except in the two cases noted, are 
from his memoir in Pogg Ann, 1858, cm 428 


Relative Conduetiyities 


Metals 
lThermic 


Electric 


Copper commeicial No 8 774 at 188° 
721 


93} 
582 


Copper 


Gold pure 
absolutely pure 
TASS 


No 2 
chemically " had drawn 


Tin pure 
Pianoforte wne 
Tron rod 





+ Pubitehed in 1860, afld declaied by Matthiesen to be more exact than the old 
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Going by Matthiesen s old numbers, we find them to agree fairly 
with Wiedemann and Franz’s thermic conduetivities, which supports 
an obvious and pretty generally recerved proposition Matthie 
sens new numbers for gold aad copper, however, destroy the har 
mon 

Magnetic Propertus —Iron, mickel, and cobalt are the only 
metals which are attracted by the magnet and can become magnets 
themselves But in regard to their power of retaining their mag- 
netism none of them comes at all up to the compound metal steel 
See MAGNETISM 


Chemcal Changes 


The chemical changes which metals are hable to may be 
classified according to the loss of metallicity mvolved in 
them We will adopt this principle and begin with the 
action of metals on metals, which, as experience shows, 
always leads to the formation of truly metallic compounds 

Any two or more metals when mixed together in the 
liquid state unite chemically, or at least molecularly, in this 
sense that, although the mixture, on standing (hot), may 
separate into layers, each layer 1s a homogeneous solution or 
“alloy” of, m general, all the components in one another 
With binary combinations the followimg two cases may 
present themselves —(1) the two metals mix permanently 
m any proportion , or (2) either of the two metals refuses 
to take up more than a certain limit proportion of the 
other , hence a random mixture of the two metals will, in 
general, part into two layers,—one a solution of A in B, 
the other a solution of B mA _ The first case presents 
itself very frequently, 1t holds, for instance, for gold and 
silver, gold and copper, copper and silver, lead and tin, 
and any alloy of these two and bismuth Many other 
cases might be quoted A good example of the second 
case 18 lead and zine, either of which dissolves only a very 
small percentage of the other, In the preparation of an 
alloy we need not start with fhe components in the hqud 


state, the several metals need only be heated together m 


the same crucible when, in general, the hquid of the more 
weedily fusrble part dissolves the more refractory compo- 
nents at temperatures far below thtir fusing pomts Molten 
lead, for instance, as many a tyro in chemical analysis has 
come to learn to his cost, readily runs through a platinum 
crucible at little more than its own fusing point 

A homogeneous hqud alloy, when solidified sfddenty, 
say by pouring it drop by drop into cold water, necessarily 
ylelds an equally homogeneous solid But 1t may not be 
so when it 1s allowed to freeze gradually If, in this case, 
we allow the process to go a certain way, and then pour off 
the still liquid portion, the frozen part generally present» 
itself in the shape of more or less distinct crystals, whether 
this happens or not, the rule 1s that 1ts composition differs 
from that of the mother liquor, and consequently from that 
of the orginal alloy This phenomenon of “ hquation,” as 
1t 18 called, 1s occasionally utilized in metallurgy for the 
approximate separation of metals from one another ,? but in 
the manipulation of alloys made to be used as such 1f may 
prove very inconvenient It does so, for mstance, mm the 
case of the copper silver alloy which our coms are made 
of , ina large mgot of such sterling silver the core may 
contain as much as 03 per cent of silver more than the 
outer shell 

The existence ot crystallized alloys, as the phenomenon 
of hquation generally, strongly suggests the idea that 
alloys generally are mixtures, not of their elementary com- 
ponents, but of chemical compounds of these elements with 
one another, associated possibly with uncombmed remnants 
of these This notion 1s strongly supported by the fact 
that the formation of many alloys imvolves an obvious 
evolution of heat and a decided modification in what one 


would presume to be the properties of the corresponding 


* A good ulustration 1s afforded by the proccss of Pattmson as used 


for concentrating the silver m argentiferous lead See Lab 
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mixture The case of sodium amalgam may be quoted 
as a forcible ilustration What goes by this name mn 
laboratories 1s an alloy of two to three parts of sodrum with 
one hundred parts of mercury, which 1s easily produced by 
foreing the two components into contact with each other 
by means of a mortar and pestle, when they unite, with 
deflagration, into an alloy which after cooling assumes the 
form of a grey, hard, brittle solid, although mercury 1s a 
quid, and sodium, though a solid, 1s softer than wax 
Snnilar cvidence of chemical action we have in the cases of 
brass (copper and zinc), bronze (copper and tin), aluminum 
bronze (copper and aluminium), and in many others that 
might be quoted There are indud a good many alloys 
the formation of which 1s not accompanied by any obvious 
evolution of heat or any very marked change in the mean 
propertics of the components But in the absence of all 
precise thernuc researchcs on the subject we are not in a 
position to assert the absence of chemical action mm any 
caso =Indccd our knowledge of the proumate composition 
of alloys 15 m the lughest degree indefimte—we do not 
even know of a single composite metal which has been 
really proved to be an umtary compound, and hence the 
umportant problem of the relation in alloys between pro 
purtics and composition must be attacked on a purely 
empirical basis What has been done in this direction 
1s shortly summarized in the following paragraphs 


( low Most metals are white o1 grey , s0 are the alloys of 
these metals with one another Gold alloys generally exhibit some 
thin, Ihe the shade of yellow which one would expect fiom their 
comy osition , 1t3 amalgams howcver are ill white not yellow 
Copper shows little tendency to umpart its characteristic red colour 
to its loys with white or grvy metals Thus forimstance, the silver 
alloy up to about 30 per cent cf copper exhibits an «almost pure 
white colour The alloys of copy e1 with zinc (bi ass) or tin (1 ronze) 
are 1eddish yellow when the copper predominates laigely As 
the proportion of white metal increases the colour passes succes 
sively into daik yellow, 1 ile yellow, and ultimitely into white 
Aluminium bronze, contami from 5 to10 per cent of aluminium, 
1s golden yellow 

Plasticity —This quality 1s most highly developed in certain pure 
metals, notably in gold platinum silver, and copper Of platinum 
alloys little 18 known ‘Lhe other thee, on uniting with one 
anothe: substantially retain their plasticities, but the addition of 
any metal outside the group leads to deteioration Thus, for 
rastanct, according to hasten copper, by berg alloyed with as little 
as0 6 percent of zinc loscs its capability of being foiged at a 
red heat it ciacks under the himmer Antimony or arsenic to 
the catent of 0 15 percent 1 ndeisit unfit for being rolled into thin 
sheet o1 drawn out into fine wine and makcs it brittle m the heat, 
01 per cent of leal prohibits its conversion into leaf 

Hiriness Elasticuy, T nsile Strength —In reference to these 

urlities, we shall confine oursely es to some very striking changes for 
the letter which the metals (1) gol 1, (2 silver, (3) copper suffer when 
alloved with moderite proportions (10 ye1 cent or so) of (1) cop 
per, (2) coprcr (3) tin zinc or aluminium respectively Any of 
these five combinations leids to a considerable increase 1n the three 
qualities named, although these arc by no means highly developed 
in the added metals most strikingly 1t docs so 1n the case of alum: 
nium bionze (copper and alumimium) which 1s so hard as to be 
very dithcult to file, and 1s said to be equal m tensile strength 
to wiought iron =“ allustiate this we give in the following table, 
after Matthiusen the bievking strains of double wues, No 23 
gauge, in fb avoudupois, for ce1tain alloys on the one hand and their 
components on the other 


; Separate Metals en Alloys 

opper 

hn iether Gun metal 1? percent of tm 80 90 
lo ? 

ee 20 2 ;Standard (22 carat) gold 0 

Silver 40 4o 


pales 45 of Alloy Gof sive: J of ylat num “> 80 


Specific Graatty —This subject has been extensively mvcstigated 
by Matthiesen, Calsert and Johuson, Kuppfer and others In 
discussing the results 1t 1s convenient to compare the values (S) 
found with the values (S,) calculated on the assumption that the 
volume of the alloy 1s equal to the sum of the volumes of the com 
ponents Let p,, pe, pg stand for the relative weights of the com 
ponents P for their joint weight, %,,8,8, for their specific 
gravities, and we have 

PP?) 
be 5 
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where the eer on the nght hand obviously means the con< 
Jot volume V, of the components , but the actual volume of the 
alloy formed by their union 18, in general, V=V,(1+e), where ¢ 
means the expansion (or, when negative, the contraction) of unit- 
volume of mixture. Hence the real value 


S=S,Al+e), 


e=(So—8)/S 
Matthiesen’s investigation (Pogg Annalen for 1860, vol cx p 21) 
eatends over a large number of binary alloys denved from the metals 
nimed in the following table He naturally began by procuring 
pure specimens of these metals and determining their specific 
gravities The results (each the mean of a number of determina- 
tions) were as follows — 


whence 





ame 





In these, as in all the subsequent determinations for the alloys, 
the weighings were reduced to the vacuum, and the values for S 
referred to water at 4°C asunity From eight metals twenty eight 
different kinds of binary alloys can be roladed , of these twenty 
eight combinations eighteen were selected, mn each case the two com 
ponents were fused together im a variety of properly chosen atomic 
proportions, and the specific gravities of these alloys were determined 
‘Lhe net results are summarized in the following table, which, for 
each combination A, B, in the first two columns gives the com- 
position in multiphes of the ‘‘atomic weights” given im the table 
just quoted, while column 8 gives the values of ¢ as calculated by 
the writer from Matthiesens numbers for 8,and S_ Hence, for 
example, in the accompanying entries the first line shows that the 
union into an alloy of twice 118 parts 
of tin and once 197 parts of gold im Tin and Gold 
volves an expansion from 1 yolume into 
1 004, the second that the union of once 
118 parts of tin with four times 197 parts 
of gold involves a contraction trom 
1 volume into 1- 028 











Anivmony, Lead 





Antimony and Tin |Antumony, Bismuth 





sn | Ag 


























Ca |} Pb e 
6 }1—36/0to 0025 
Lead, Gold 
Pb {| Au e 
0 1 — 004 
5 1 — 009 
4 1 ~- 006 
8 1 — 009 
3 1 — 016 
1 1 — 018 
1 2 ~ 004 
1 4 
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Gold, Silver 





Brsmuth, Lead 





Lead, Silver 





2S S|. || | |S I | Sense 





ed 


ent peal ba bet fet et et BBD 


To make these numbers trustwoithy 1t would be necessary to de 
termine their probable errors , and this Matthiesen has not done 
It would appear that any value of ¢ from 0 to (say)+ 002 counts for 
nothing, and anything up to 004 certainly must be taken as not 
proving much either way If this 1g conrect, then 

(1) No contraction or expansion 1s proved 1n the cases Sb, Bi, | 


Cd, Bi, Cd, Pb, Au, Ag, 

(2) A contraction (from 05 to 47 per cent) 1s proved for 
Sn, Ag Bi, Ag, Bi, Au, Pb, Au, Pb, Bi, Hg, Sn, Hg, Pb, 
Sn, Bi(’), Au, Ag (*), 

(3) An expansion (from 5 to 0 8 per cent ) 18 proved for Sb, Sn, 
Sb Pb, Sn, Cd (%), Sn, Pb (*), certam cases of Sn Au and Pb, Ag, 

(4) In the two series Sn, Au and Pb, Ag, there are cases both of 
expansion and of contraction 

Thermu and Electric Propertves —The specific heat of an alloy, so 
far as we know, 1s always 1n appoximate accordance with Dulong 
and Petit’slaw Thus the specific heat of Cu,Al, 1s 

(+1) xf 4 
5x63 541x270’ 

with about the same degree of coirectness as the ‘‘constant 6 4 
can claim for itself 

Expansion —Matthiesen, from numerous determinations made 
wath alloys and their a teal concludes that the expinsion of 
an alloy (from 0° to 100° C ) 1s neatly equal to the sum of the ex 
pansions of 1ts componeuts Supposing, for instance, one volume of 
gold to expand (fiom 0° to ¢) by a, and ove volume of silver by 6 
then an alloy of four volumes of gold and three volumes of silver 
expands by (4a+38)/7 pet unit 

Fusiiility —In the case of an alloy the melting pomt and the 
freezing point are, in genera] separated by a greater or less interval 
of temperature, and the latter in itself may have two values as shown 
by Rudberg, who found that when a fused alloy of tin and lead 1s 
allowed to freeze the thermometcr becomes stationary at two suc 
cessive points, as shown 1n the following table, whcre z mevns the 
number ¢{ atomic weights of tin united with y of lead in the given 
case, and the temperatures are in centigrade degrees 


First point (32>) 210 oe} 
Second pomt (825 ) 187 228 ) 

We see that the first pomt varies with, while the second, within 
the range of the experiments, proved independent of, the proportion 
in which the two metrls aro united 

The meltimg point of many alloys hes below that of even the mc 
fusible component, as wlustiated in the following tables, where the 
numbers mean parts by weight 


Tin and Lead (Rudberg) 
Per cent of Tin Per cent of Lead Melting pint 

100 0 

0 100 

74 26 

68 87 

53 47 

6 64 

16 84 













of Alloy 
Newton 8 
Rose 8 





Erman 8 
Wood s 
(Cadmium) 


ul these alloys melt m boiling water 

The electne conductivity of alloys gua alloys has been investi 
ated by Matthiesgn He confined himself to binary alloys denved 
‘om a certain set of elementary metala The main results of his 


69 


researches are given in Fircrricity, vol vui1 p 51 For the 
practical electrician it 1s important to observe how very much the 
sonductivity of copper 1s impaired by vcry minute admixtures even 
of metals that are one conductors, and also by non metallic con 
‘ mination, especially with ox) gen (present as Cu,O) 


Metallie Substances Produced by the Union of Metals with 
Small Pioportwns of Non Vetallic Elements 


Hydrogen, a8 was shown by Graham, 13 capable of 
miting with (always very large proportions of) certain 
metals, notably with palladium, into metal like compounds 
But those hydrogen alloys, bemg devoid of metallurgic 
nterest, fall better under the heading PatLapium 

Oxygen —Mercury and copper (perhaps also other 
metals) are capable of dissolving their own oxides with 
‘ormation of alloys Mercury, by doing so, becomes vise1d 
and unfit for its ordinary applications Copper, when 
ure to start with, suffers considerable deterioration m 
lasticity But the presence of moderate proportions of 
uprous oxide haa been found to correct the evil influence 


of small contaminations by arsenic, antimony, lead, and 


ther foreign metals Most commeicial coppers owe their 
good quahties to this compensating influence 

Arsene combines readily with all metals mto true 
arsenides, which latter, n general, are soluble in the metal 
tself The presence in a metal of even small proportions 
f arsenide generally leads to considerable deterioration 
n mechanical qualities 

Phosphorus —The remark just made might be said to 
hold for phosphorus were 1t not for the existence of what 
is called “phosphorus bronze,’ an alloy of copper with 
phosphorus (1 ¢, 1ts own phosphide), which possesses valu 
able properties According to Abel, the most fay ourable 
effect 1s produced by from 1 to 1! per cent of phosphorus 
Such an alloy can be cast lhe ordiuary bronze, but excels 
the latter in hardness, elastiity, toughness, and tensile 
strength See PHosPHoRTS 

Carbon —Most metals when im a molten state are 
capable of dissolving at least small proportions of carbon, 
which, in general, leads to a deterioration in metallicity, 
except im the case of iron, which by the addition of small 
percentages of carbon gains im elasticity and tenuile strength 
~~th little loss of plasticity (see Iron) 

Stlicon, so far as we know, behaves to metal, pretty 
much hke carbon, but our knowledge of facts 1s lhmited 
What 1s known as “cast iron ’ 13 essentially an alloy of 
iron proper with 2 to 6 per cent of carbon and more or 
less of silicon (see Iron) Alloys of copper and silicon 
were prepared by Deville in 1863 The alloy with 12 per 
cent of silicon i» white, hard, and bnttle When diluted 
down to 48 per cent, 1t assumes the colour and fusibility 
of bronze, but, unhke it, 1» tenacious and ductile lhe 1ron 


Action of the More Ordinary Chemical Agents on 
Simple Metals 


To avoid repetition, let us state beforehand that the 
metals to be referred to are always understood to be given 
in the compact (frozen) condition, and that, wherever a 
series of metals are enumerated a. bemg similarly attached, 
the degree of readiness in the action 1» (so far as our 
knowledge goes) indicated by the order in which the several 
members are named,—the more readily changed metal 
always standing firt 

Water, at ordimary o1 slightly elevated temperatures, 
1s decomposed more or lew readily, with evolution of 
hydrogen gas and formation of a basic hydrate, by (1) 
potassium (formation of KHO), sodium (NaHO), lithum 
(10H), barium, strontium, calerum (BaO H,, dc), (2) 
magnesium, zinc, manganese (MgO,H,, dc ) 

In the case of group 1 the action 1» more or less violent, 
and the hydroxides formed are soluble in water and very 
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strongly basylous, metals of group 2 are only slowly 
attacked, with formation of relatively feebly basylous 
and practically insoluble hydrates Disregarding the rarer 
elements (as we propose to do in this section), the metals 
not named so far may be said to be proof against the 
action of pure water in the absence of free oxygen (air) 

By the conjoint action of water and aur, thallium, lead, 
bismuth are oxidized, with formation of more or less 
sparingly soluble hydrates (ThHO, PbO,H,, 3B:0,H,), 
which, in the presence of carbonic acid, pass into still less 
soluble basic carbonates 

Tron, as everybody knows, when exposed to moisture and 
air, “rusts,” that 1s, undergoes gradual conversion into a 
brown ferric hydrate, Fe,O,rH,O , but this process never 
takes place in the absence of air, and it 1s questionable 
whether it ever sets in in the absence of carbonic acid 
What is known 1s that iron never rusts in solutions of 
caustic alkalies or lime (which reagents preclude the pre- 
sence of free carbonic acid), while it does so readily in 
ordinary moist air containing CO, When once started 
the process proceeds with icreasing rapidity, the ferric 
hydrate produced acting a3 a carrier of oxygen, it gives 
up part of its oxygen to the adjoining metal, being ttself 
reduced to (perhaps) Fe,O,, which latter again absorbs 
oxygen from the air to become ferric hydrate and so on 
(Kuh]mann) 

Copper, in the present connexion, 1s intermediate between 
iron and the followmg group of metals 

Mercury, if pure, and all the “noble metals (silver, gold, 
platinum, and platinum metals), are absolutely proof against 
water even in the presence of oxygen and carbonic acid 

The metals grouped together above under 1 and 2 act 
on steam pretty much as they do on liquid water Of 
the rest, the following are readily oxidized by steam at a 
red heat, with formation of hydrogen gas,—zine, iron, 
cadmium, cobalt, nickel, tm Bismuthissimilarly attacked, 
but slowly, ata white heat Alumimuium is barely affected 
even at a white heat, if 1t 1s pure, the ordinary umpure 
metal 1s hable to be very readily oxidized 

Aqueous Sulphuric or Hydrochloric Acid, of course, 
readily dissolves groups 1 and 2, with evolution of hydro 
gen and formation of chlorides or sulphates The same 
holds for the following group (A) —[manganese, zinc, 
magnesium] iron, aluminium, cobalt, nickel, cadmium 
Tin dissolves readily in strong hot hydrochloric acid as 
SnCl,, aqueous vitriol does not act on 1t appreciably in 
the cold , at 150° it attacks 1t more or less quickly, accord 
ing to the strength of the acid, with evolution of sul 
phuretted hydrogen or, when the acid 1s stronger, of 
sulphurous acid gas and deposition of sulphur (Calvert 
and Johnson) A group (B), comprising copper, are, 
substantially, attacked only in the presence of oxygen or 
air Lead, in sufficiently dilute acid, or in stronger acid if 
not too hot, remams unchanged A group (C) may be 
formed of mercury, silver, gold, and platinum, which are 
not touched by either aqueous acid in any circumstances 

Hot (concentrated) oil of vitriol does not attack gold, 
platinum, and platinum metals generally , all other metals 
(including even silver) are converted into sulphates, with 
evolution of sulphurous acid In the case of iron, fernc 
sulphate, Fe,(SO,),, 1s produced , tin yields a somewhat 
indefinite sulphate of its bmoxide SnO, 

Nitric Acid (Aqueous) —Gold, platinum, indium, and 
rhodium only are proof against the action of this powerful 
omdizer Tin and antimony (also arsenic) are converted by 
1t (ultimately) into hydrates of their highest oxides Sn0,, 
Sb,0, (As,0,),—the oxides of tn and antimony beng 
insoluble in water and in the acid itself All other metals, 
including palladium, are dissolved as nitrates, the oxidiz 
ing part of the reagent being generally reduced to nitric 
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oxide, NO, or sometimes to N,O, or N,O, Iron, anc, 
cadmium, also tin under certain conditions, reduce the 
dilute acid, partially at least, to nitrous oxde, N,O, or 
nitrate of ammonia, NH, NO, = N,O + 2H,O 

Aqua Regva, a mixture of nitric and hydrochloric acids, 
converts all metals (even gold, the “king of metals,” whence 
the name) into chlorides, except only rhodium, indium, 
and ruthenium, which, when pure, are not attacked 

Caustic Alkalves—Of metals not decomposing hqud 
pure water, only a few dissolve im aqueous caustic 
potash or soda, with evolution of hydrogen The most 
important of these are aluminium and zinc, which are 
converted into alummate, Al,O,3(K, or Na,)O, and 
zincate, ZnO RHO, where R=K or Na respectively 
But of the rest the majomty, when treated with boiling 
sufficiently strong alkah, are attacked at least superficially, 
of ordmary metals only gold, platmum, and silver are 
perfectly proof agamst the reagents under consideration, 
and these accoidingly are 4sed preferably for the construc 
tion of vessels intended for analytical operations involving 
the use of aqueous caustic alkalies or preparative 
purposes iron 1s universally employed and works well , but 
it 18 not available analytically, because a superficial oxida 
tion of the empty part of the vessel (by the water and air) 
cannot be prevented According to the writers experience 
basins made of pure malleable nickel are free from this 
drawback , they work as well as platinum, and rather better 
than silver ones do There is hardly a single metal which 
holds out agaist the alkalies themselves when 1n the state 
of fiery fusion , even platinum is most violently attacked 
In chemical laboratories fusions with caustic alkalies are 
always effected in vessels made of gold or silver, these 
metals holding out fairly well even in the presence of air 
Gold 1s the better of the two Iron, which stands so well 
against aqueous alkalies, 13 most violently attacked by the 
fused reagents Yet tons of caustic soda are fused daily 
in chemical works im iron pots without thereby suffermg 
contamination, which seems to show that (clean) 1ron, 
like gold and silver, 1s attacked only by the conjoint 
action of fused alkali and aur, the influence of the latter 
being of course minimized in large-scale operations 

Oxygen or Atr —The noble metals (from silver upwards) 
do not combine directly with oxygen given as oxygen gas 
(0,), although, like silver, they may absorb this gas largely 
when in the fused condition, and may not be proof against 
ozone, O, Mercury, within a certain range of tempera 
tures situated close to its boiling pomt, combines slowly 
with oxygen into the red oxide, which, however, breaks up 
again at higher temperatures All other metals, when 
heated in oxygen or air, are converted, more or less readily, 
into stable oxides Potassium, for example, yields peroxide, 
K,O, or K,O,, sodium gives Na,O,, the barium group 
metals, as well as magnesium, cadmium, zinc, lead, copper, 
are converted into their monoxides MeO Bismuth and 
antimony give (the latter very readily) sesquoxide (Bi,0, 
and Sb,O,, the latter bemg capable of passing into 
Sb,O,) Alummum, when pure and kept out of contact 
with siliceous matter, 1s only oxidized at a white heat, 
and then very slowly, to alumina, Al,O, Tin, at high 
temperatures, passes slowly into binoxide, SnO, 

Sulphur —Amongst the better known metals, gold and 
alummium are the only ones which, when heated with 
sulphur or in sulphur vapour, remain unchanged * All the 
rest, under these circumstances, are converted into sulphides 
The metals of the alkalies and alkaline earths, also 
Magnesium, burn in sulphur vapour as they do in oxygen., 
Of the heavy meals, copper is the one which exhibits by 
far the greatest avidity for sulphur, its subsulphide Cu,8 
being the stablest of all heavy metallic sulphides in 
Opposition to dry reactions See MeraLLyRay « 
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Chlorine —All metals, when treated with chlorme gas at 
the proper temperatures, pass into chlorides In some 
cases the chlorine is taken up in two instalments, a lower 
chloride being produced first, to pass ultimately mto a 
higher chloride Iron, for mstance, 1s converted first 
into FeCl,, ultimately into Fe,Cl,, which practically means 
a mixture of the two chlorides, or pure Fe,Cl, as a final 
product Of the several products, the chlorides of gold 
and platanum (AuCl, and PtCl,) are the only ones which 
when heated beyond their temperature of formation 
dissociate nto metal and chlorine The ultimate chlora 
tion product of copper, CuCl,, when heated to redness, 
decomposes into the lower chloride, Cu,Cl,, and chlorine 
All the rest, when heated by themselves, volatilize, some 
at lower, others at higher temperatures 

Of the several individual chlorides, the following are 
hquids or solids, volatile enough to be distilled from out 
of glass vessels —AsCl,, SbCl, SnCl,, BiCl,, HgCl, the 
chlorides of arsenic, antimony,’ tin, bismuth, mercury re 
spectively The followimg are readily volatilzed im a 
current of chlorine, at a red heat —AI,Cl,, Cr,Cl,, Fe,Cl,, 
the chlorides of aluminium, chromium, iron ‘The follow 
ing, though volatile at higher temperatures, are not vola 
tilized at dull redness —KCl, NaCl, LiCl, NiCl,, CoCl,, 
MnCl, ZnCl, MgCl, PbCl,, AgCl, the chlomdes of 
potassium, sodium, lithium, nickel, cobalt, manganese, 
zinc, magnesium, lead, silver Somewhat less volatile 
than the last named group are the chlorides (MCI,) of 
bamum, strontium, and calc1um 

Metallic chlorides, as a class, are readily soluble in 
water The following are the most important exceptions 
—chloride of silver, AgCl, and subchloride of mercury, 
Hg,Cl,, are absolutely insoluble, chloride of lead, PbCl,, 
and subchloride of copper, Cu,Cl,, are very sparingly 
soluble in water The chlorides AsCl,, SbCl,, BiCl,, are at 
once decomposed by (liquid) water, with formation of 
oxide (As,0,) or oxychlorides (SbC1O, BiClO) and hydro- 
chlonic acid The chlorides MgCl, Al,Cl, Cr,Cl,, FeCl, 
suffer a similar decomposition when evaporated with water 
m the heat The same holds in a limited sense for ZnCl, 
CoCl,, NiCl,, and even CaCl, All chlorides, except those 
of silver and mercury (and, of course, those of gold and 
platinuin), are oxidized by steam at high temperatures, 
with elimmation of hydrochloric acid 

The above statements concerning the volatilities and 
solubilities of metallic chlorides form the basis of a 
number of important analytical methods for the separation 
of the respective metals 

For the characters of metals as chemical elements the 
reader 18s referred to the article CHemistRy and to the 
special articles on the different metals (w D) 

METAL-WORK Among the many stages in the de 
velopment of primeval man, none can have been of greater 
momen. in his struggle for existence than the discovery 
of the metals, and the means of working them The 
names generally given to the three prehistoric penods of 
man’s life on the earth—the Stone, the Bronze, and the Iron 
age—imply the vast importance of the progressive steps 
from the flint kmfe to the bronze celt, and lastly to the 
keen-edged elastic 1ron weapon or tool The length of 
tame during which each of these ages lasted must of course 
have been different in every country and race in the world 
The Digger Indians of South Califorma have even now 
not progressed beyond the Stone Age, while some of the 
tribes of Central Africa are acquainted with the use of 

ecopper and bronze, though they are unable to smelt or 
work :ron 

The metals chiefly used have been gold, silver, copper 
and tin (the last two generally mixed, forming an alloy 
called bronze), tron, and lead The peculanties of these 
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various metals have naturally marked out each of them for 
special uses and methods of treatment The durability and 
the extraordinary ductility and pliancy of gold, 1ts power of 
being subdivided, drawn out, or flattened into wire or leaf 
of almost infinite fineness, have led to its being used for 
works where great minuteness and delicacy of execution 
were required , while its beauty and rarity have, for the 
most part, limited its use to objects of adornment and 
luxury, as distinct from those of utility In a lesser 
degree most of the qualities of gold are shared by silver, 
and consequently the treatment of these two metals has 
always been very similar, though the greater abundance 
of the latter metal has allowed 1t to be used on a larger 
scale and for a greater variety of purposes 

Bronze 1s an alloy of copper and tin in varying propor 
tions, the proportion of tin being from 8 to 20 per cent 
The great fluidity of bronze when melted, the slightness of 
its contraction on solidifying, together with its density and 
hardness, make it especially suitable for casting, and allow 
of its taking the umpress of the mould with extreme sharp- 
ness and delicacy In the form of plate 1t can be tempered 
and annealed till its elasticity and toughness are much 
increased, and it can then be formed into almost any shape 
under the hammer and punch By other methods of 
treatment, known to the ancient Egyptians, Greeks, and 
others, but now forgotten, 1t could be hardened and formed 
into knife and razor edges of the utmost keenness In 
many specimens of ancient bronze small quantities of 
silver, lead, and zinc have been found, but their presence 
1s probably accidental 

In modern times, after the discovery of zinc, an alloy of 
copper and zinc called brass has been much used, chiefly 
for the sake of 1ts cheapness as compared with bronze In 
beauty, durability, and delicacy of surface 1t 1s very inferior 
to bronze, and, though of some commercial umportance, has 
been of but little use im the production of works of art 

To some extent copper was used m an almost pure state 
during medieval times, especially from the 12th to the 
15th century, mainly for objects of ecclesiastical use, such 
as pyxes, monstrances, reliquaries, and croziers, partly on 
account of its softness under the tool, and also because 1t 
was slightly easier to apply enamel and gilding to pure 
copper than to bronze (see fig 1) In the medieval 
period it was used to some extent in the shape of thm 
sheeting for roofs, as at St Mark’s, Venice, while during 
the 16th and 17th centuries 1t was largely employed for 
ornamental domestic vessels of various sorts 

fron \—The abundance mm which iron i» found m a0 
many places, its great strength, its remarkable ductility 
and malleability m a red hot state, and the ease with 
which two heated surfaces of iron can be welded together 
under the hammer combine to make it specially suitable 
for works on a large scale where strength with hghtness 
are required—things such as screens, window grills, orna- 
mental hinges, and the hhe 

Tn its hot plastic state 1ron can be formed and modelled 
under the hammer to almost any degree of refinement, 
while its great strength allows 1t to be beaten out into 
leaves and ornaments of almost paper hhe thimness and 
delicacy With repeated hammering, drawing out, and 
annealing, 1t gains much in strength and toughness, and 
the addition of a very minute quantity of carbon converts 


1 Some recent analyses of the iron of prehistori, weapons have 
brought to hght the interesting fact that many of these earliest 
1mens of iron manufacture contain a considerable percentage of 
mckel This special alloy does not occur m any hnown iron ores, 
but 1s invariibly found im meteoric iron = It thus appears that iron 
was manufactured from meteorolites which had fallen to the earth mn 
an almost pure metallic state, possibly long before prehistoric man 
had learnt how to dig for and smelt iron in any of the forms of ore 
which are found on this planet 
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1t into steel, less tough, but of the keenest hardness The 
large employment of cast 1ron 1s comparatively modern, in 
England at least only dating from the 16th century , it 18 
not, however, incapable of artistic treatment if due regard 
be paid to the necessities of casting, and if no attempt 1s 
made to imitate the fine drawn lightness to which wrought 
iron so reidily lends itself At the best, however, 1 1s not 
generally suited for the finest work, as the great contrac 
tion of iron in passing from the fluid to the solid state 
renders the cast somewhat blunt and spiritless 

Among the Assyrians, Egyptians, and Greeks the use of 
iron either cast or wrought, was very limited | ronze being 
the favourite metal for 
almost all purposes 
The difficulty of smelt- 
ing the ore was prob 
ably one reason for 
this, as well as the 
now forgotten shill 
which envbled bronze 
to be tempered to 1 
stecl likeedze Ithad 
howcver 1ts value of 
which a } roof occurs 
i Homer (// xx ), 
where 2 mss of tron 
13 mentioned as being 
one «f the prizes at 
the funeral games of 
Patroclus 

Meth dsof Umiy u 
lation in Metal Work 
—Gold, silver and 
bronze may be treat=d 
In various ways the 
chief of which are (1) 
casting in a mould, 
and (2) treatment by 
hammeringand punch 
ing (Irench 7¢@ ous ¢) © 

The first of these, 
casting 1s chiefly 
adapted for bronze, 
or in the case of the 
more precious metals 
only if they are used 
on a very small scale 
The reason of this 1s 
that a repoussé relief 
1s of much thinner 
substance than if the 
same design were cast, 
even by the most 
skilful metal worker, 
and so a large surface (@ 
may be produced with @ 
a very small expendi 4 
ture of valuable metal 

Castinz 1s probably 
the most pmmitive 
methodof metal work 
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1 —Monstrance of Copy er C ilt 
Itahan work of the 15th century 

This has passed through three stages, the first being 
represented by solid castings such as are most celts and 
other implements of the prehistoric time the mould 
was formed of clay, sand, or stone, and the flud metal 


was poured in till the hollow was full The next stage 
was, 1n the case of bronze, to introduce an iron core, prob 
auly to save needless expenditure of the more valuable 
metal The British Museum possesses an interesting 
Etruscan or Archaic Italian example of this prumitive 
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device It isa bronze statuette rrom Sessa on the Volturno, 
about 2 feet high, of a female standing, robed 1n a. close- 
fitting chiton The presence of the iron core has been 
made visible by the splittmg of the figure, owing to the 
unequal contraction of the two metals The forearms, 
which are extended, have been cast separately and soldered 
or brazed on to the elbows 

The third and last stage in the progress of the art of 
casting was the employment of a core, generally of clay, 
round which the metal was cast in a mere skin, only thick 
enough for strength, without waste of metal The Greeks 
and Romans attaimed to the greatest possible skill in this 
process Their exact method 1s not certainly known, 
but 1t appears probable that they were acquainted with 
the process now called @ cure perdwe—the same as that 
employed by the great Italian artists m bionze, and 
still unimproved upon even at the present day Cellim, 
the great Hlorentine artist of the 16th century, has 
described 1* fully in his Z'rattato della Scultura If a 
statue was to be cast, the figure was first roughly modelled 
in clay—only rather smaller 1m all its dimensions than the 
future bronze all over this a skin of wax was laid, and 
worked by the sculptor with modelling tools to the 1equired 
form and finsh A mixture of pounded brich, clay, and 
ashes was then ground finely in water to the consistence of 
cieam, and successive coats of this mixture were then 
apphed with a brush, till a second skin was formed all 
over the was, fitting closely into every line and depression 
of the modelling Soft clay was then carefully laid on to 
strengthen the mould, in considerable thickness, till the 
whole statue appeared like a shapeless mass of clay, round 
which iron hoops were bound to hold it all together The 
whole was then thoroughly dried, and placed 1n a hot ovens, 
which baked the clay, both of the core and the outside 
mould, and melted the wax, which was allowed to 1un out 
from small holes made for the purpose Thus a hollow 
was left, coriesponding to the skin of wax between the core 
and the mould the relative positions of which were pre 
served by vaiious small rods of bronze, which had pre- 
viously been driven through from the outer mould to the 
rough core The mould was now ready, and melted bronze 
was poured in till the whole space between the core and 
the outer mould was full After slowly cooling the outer 
mould was broken away from outside the statue, and the 
mner core as much as possible broken up and 1aked out 
through a hole in the foot or some other part of the statue 
The projecting rods of bronze were then cut away, and 
the whole finished by rubbing down and polishing over any 
roughnesses or defective places The most skilful sculptors, 
however, had but little of this after touching to do, the 
final modelling and even polish which they had put upon 
the wax being faithfully reproduced in the bronze casting 

The further ennchment of the object by enamels and 
inlay of other metals was practised at a very eaily period 
by Assyrian, Egyptian, and Greek metal workers, as well 
as by the artists of Persia and medieval Europe 

The second chief process, that of hammered work (Greek, 
sphyrelata , French, repousse), was probably adopted for 
bronze work on a large scale, before the art of forming 
large castings was discovered In the most primitive 
method thin plates of bronze were hammered over a 
wooden core, rudely cut mto the required shape, the core 
serving the double purpose of giving shape to and 
strengthening the thin metal 

A further development in the art of hammered work 
consisted in laying the metal plate on a soft and elastic. 
bed of cement made of pitch and pounded bnck The 
design was then beaten mto relief from the back with 
hammers and punches, the pitch bed yielding to the 
protuberances which were thus formed, and serving*to pre 
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vent the punch from breaking the metal into holes The 
pitch was then melted away from the front of the embossed 
relief, and applied in a sumilar way to the back, so that the 
modelling could be completed on the face of the rehoef, 
the final touches bemg given by the graver This process 
was chiefly applied by medieval artists to the precious 
metals, but by the Assyrians, Greeks, and other early 
nations 1t was largely used for bronze 

The great gates of Shalmaneser IT, 859-824 Bc, from 
Balawat, now in the Bntish Museum, are a remarkable 
example of this sort of work on a large scale, though the 
treatment of the reliefs 1s mmute anddelicate The “Sins 
bronzes,’ m the same museum, are a most astonishing 
example of the skill attamed by Greek artists in this 
repoussé work (see Bronsteds Bronzes of Sirs, 1836) 
They are a pair of shoulder pieces from a suit of bronze 
armour, and each has in very high relief a combat between 
& Greek warnor and an on No work of art m 
metal has probably ever surpassed these little figures for 
beauty, vigour, and expression, while the skill with which 
the artist has beaten these high reliefs out of a flat plate 
of metal appears almost miraculous The heads of the 
figures are nearly detached from the ground, their sub- 
stance 1s little thicker than paper, and yet in no place 
has the metal been broken through by the punch They 
are probably of the school of Praxiteles, and date from the 
4th century Bc (see fig 2) 





Fic 2 —One of the Sins Bronzes 


Copper and tin have been but little used separately 
Copper in its pure state may be worked by the same 
methods as bronze, but it 1s inferior to it in hardness, 
strength, and beauty of surface Tin 1s too weak and 
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brittle a metal to be employed alone for any but small 
objects Some considerable number of tin drinking-cups 
and bowls of the Celtic period have been found in Corn 
wall in the neighbourhood of the celebrated tin and copper 
mines, which appear to have been worked from a very early 
period The existence of these mines was known to the 
Phoenicians, who carried on a considerable trade in metals 
with the south west corner of England and the Selly Isles 
—probably the Cassiterides of Pliny and other classical 
writers 

The use of lead has been more extended In sheets it 
forms the best of all coverings for roofs and even spires 
In the Roman and medieval periods it was largely used 
for coffins, which were often mchly ornamented with cast 
work in relief Though fusible at a very low temperature, 
and very soft, 1t has great power of resisting deeay from 
damp or exposure Its most important use in an artistic 
form has been m the shape of baptismal fonts, chiefly 
between the 11th and the 14th centuries The superior 
beauty of colour and durability of old specimens of lead 1s 
owing to the natural presence of a small proportion of 
silver Modern smelters carefully extract this silver from 
the lead ore, thereby greatly umpairing the durability and 
beauty of the metal 

As in almost all the arts, the ancient Egyptians excelled 
in their metal work, especially in the use of bronze and 
the precious metals These were worked by casting and 
hammering, and ornamented by inlay, gilding, and enamels. 
with the greatest possible skill 

From Egypt perhaps was derived the early skill of the 
Hebrews Further instruction im the art of metal working 
came probably to the Jews from the neighbourmg country 
of Tyre The description of the great gold hons of 
Solomons throne, and the laver of cast bronze supported 
on figures of oxen shows that the artificers of that tume had 
overcome the difficultics of metal working and founding 
on a large scale The Assyrians were perhaps the most 
remarkable of all ancient nations for the colossal size and 
splendour of their works in metal , whole circuit walls of 
great cities, such as Ecbatana, are said to have been 
covered with metal plates, gilt or silvered 

Herodotus, Athenzus, and other Greek and Roman 
writers have recorded the enormous number of colossal 
statues and other works of art for which Babylon and 
Nineveh were so famed The numerous objects of bronze 
and other metals brought to light by the excavations of 
the last forty years im the Tigris and Euphrates valleys, 
though mostly on a small scale, bear witness to the great 
skill and artistic power of the people who produced them, 
while the recent discovery of some bronze statuettes, 
shown by inscriptions on them to be not later than 2200 
BC, proves how early was the development of this branch 
of art among the people of Assyria 

The Metal Work of Greece —The poems of Homer are 
full of descriptions of elaborate works 2n bronze, iron, gold. 
and silver, which, even when full allowance 1s made for 
poetic fancy, show clearly enough a very advanced amount 
of skill m the working and ornamenting of these metals 
among the Greeks of his time His description of the 
shield of Achilles, made of bronze, ennched with bands of 
figure reliefs in gold, silver, and tin, could hardly have 
been written by a man who had not some personal 
acquaintance with works in metal of a very elaborate kind 
Again, the accuracy of his descmptions of brazen houses— 
such as that of Alemous, Od vn 51—1s borne witness to by 
Pausanias’s mention of the bronze temple of Athena 
XaAxcouxos 1n Sparta, and the bronze chamber dedicated 
to Myron in 648 Bc, as well as by the discovery of the 
stains and bronze nails, which show that the whole interior 
of the so-called treasury of Atreus Zt Lea was once 
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covered with a lining of bronze plates Of the two chief 
methods of working bronze, gold, and silver, 1t 18 probable 
that the hammer process was first practised, at least for 
statues, among the Greeks, who themselves attributed the 
invention of the art of hollow casting to Theodorus and 
Rheecus, both Samian sculptors, about the middle of the 
6th century Bc Pausanias specially mentions that one 
cf the oldest statues he had ever seen was a large figure 
of Zeus in Sparta, made of hammered bronze plates riveted 
together With increased skill in large castings, and the 
discovery of the use of cores, by which the fluid bronze 
was poured mto a mere skin hke cavity, hammered or 
repoussé work (Greek, sphyrelata) was only used for small 
objects where lightness was desirable, or for the precious 
metals n order to avoid large expenditure of metal The 
colossal statues of ivory and gold by Phidias were the 
most notable examples of this use of gold, especially his 
statue of Athena in the Parthenon, and the one of Zeus at 
Olympia The nude parts, such as face and hands, were 
of ivory while the armour and drapery were of beaten 
gold The comparatively small weight of gold used by 
Phidias 1s very remarkable when the great size of the 
statues 18 considered 

A graphic representation of the workshop of a Greek 
sculptor in bronze 1s given on a fictile vase now in the 
Berlin Museum (see Gerhards 7rnkschalen, plates x, 
xi) One man 1s raking out the fire in a high furnace, 
while another behind 1s blowing the bellows Two others 
are smoothing the surface of a statue with scraping tools, 
formed hke a stngil A fourth 1s beating the arm of an 
unfinished figure, the head of which hes at the workman s 
feet Perhaps the most important of early Greek works in 
cast bronze, both from .s size and great historical interest, 
1s the bronze pillar (now in the Hippodrome at Constanti 
nople) which was erected to commemorate the victory of 
the allied Greek states over the Persians at Plata in 479 
BC (see Newtons Travels in the Levant) st 1s in the form 
of three serpents twisted together, and before the heads 
were broken off was at least 20 feet high It 18 cast 
hollow, all m one piece and has the names of the allied 
states engraved on the lower part of the cols Its size 
and the beauty of its surface show great technical skill in 
the founders art On it once stood the gold trod dedi 
cated to Apollo as a tenth of the spoils It 1s described 
both by Herodotus and Pausanias 

Marble was comparatively but little used by the earlier 
Greek sculptors, and even Myron, @ rather older man than 
Phidias, seems to have executed nearly all his most im 
portant statues in metal 

Additional richness was given to Greek bronze work by 
gold or silver inlay on lips, eyes, and borders of the dress , 
one remarkable statuette in the British Museum has eyes 
inlaid with diamonds, and fret work inlay in silver on the 
border of the chiton 

The murors of the Greeks are among the most important 
specimens of their artistic metal work. These are bronze 
disks, one side polished to serve as a reflector, and the back 
ornamented with engraved outline drawings, often of great 
beauty (see Gerhard, Htruskusche Spregel, 1843-67) 

The Greek workman, in fact, was incapable of making 
an ugly thing Whatever the metal or whatever the object 
formed, whether armour, personal ornaments, or domestic 
vessels, the form was always specially adapted to its use, 
the ornament natural and graceful, so that the commonest 
water Jar was @ delight alike to him who made 1t and those 
who used 1¢ . 

In metal work, as in other arts, the Romans were pupils 
and imitators of the Greeks Owing to the growth of that 
spirit of luxury which 1n time caused the extinction of the 
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ficent articles of gold and silver plate The finest speci- 
mens of these that still exist are the very beautiful set of 
silver plate found buried near Hildeshemm in 1869, now mn 
the Berlin Museum They consist of drinking vessels, 
bowls, vases, ladles, and other objects of silver, parcel gilt, 
and exquisitely decorated with figures m relief, both cast 
and repoussé There are electrotypes of these im the 
South Kensington Museum 

When the seat of the empire was changed from Rome 
to Byzantium, the latter city became the chief centre for 
the production of artistic metal work From Byzantium 
the special skill in this art was transmitted in the 9th and 
10th centuries to the Rhemish provinces of Germany and 
to Italy, and thence to the whole of Western Europe , m 
this way the 18th century smith who wrought the Hamp 
ton Court iron gates was the heir to the mechanical skull 
of the ancient metal workers of Phoenicia and Greece 

In that period of extreme degradation into which all the 
higher arts fell after the destruction of the Roman empire, 
though true feeling for beauty and knowledge of the 
subtleties of the human form remained for centuries almost 
dormant, yet at Byzantium at least there still survived 
great technical skill and power in the production of all 
sorts uf metal work In the age of Justiman (first half 
of the 6th century) the great church of St Sophia at 
Constantmople was adorned with an almost incredible 
amount of wealth and splendour m the form of screens, 
altars, candlesticks, and other ecclesiastical furniture made 
of massive gold and silver 

Metal Work wn Italy —It was therefore to Byzantium 
that Italy turned for metal workers, and especially for gold 
smiths, when, in the 6th to the 8th centuries, the basilica 
of St Peters in Rome was enriched with masses of gold 
and silver for decorations and fittings, the gifts of many 
donors from Belisarius to Leo III, the mere catalogue of 
which reads hke a tale from the Arahan Nights The 
gorgeous Pala d Oro, still in St Marks at Venice, a gold 
retable covered with delicate reliefs and enriched with 
enamels and jewels, was the work of Byzantine artists 
during the 11th century This work was in progress for 
more than a hundred years, and was set in its place in 
1106 a D, though still unfinished (see Bellomo, Pala d’Oro 
di S Marco, 1847) 

It was, however, especially for the production of bronze 
doors for churches, ornamented with panels of cast work 
in high relief, that Italy obtained the services cf Byzantine 
workmen (see Garrucci, Arte Cristiana, 1872-82) One 
artist named Staurachios produced many works of this 
class, some of which still exist, such as the bronze doors 
of the cathedral at Amalfi, dated 1066 ap Probably 
by the same artist, though his name was spelled dif 
ferently, were the bronze doors of San Paolo fuori le 
Mura, Rome, careful drawings of which exist, though the 
originals were destroyed in the fire of 1824 Other 
important examples exist at Ravello (1197), Salerno 
(1099), Amalfi (1062), Atram (1087) and doors at Mon 
reale n Sicily and at Tram, signed by an artist named 
Barisanos (end of the 12th century), the reliefs on these 
last are remarkable for expression and dignity, in spite 
of their early rudeness of modelling and ignorance of the 
human figure 

Most of these works in bronze were enriched with fine 
lines inlaid in silver, and m some cases with a kind of 
niello or enamel The technical skill of these Byzantine 
metal workers was soon acquired by native Italian artists, 
who produced many important works 1n bronze similar in 
style and execution to those of the Byzantine Greeks 
Such, for example, are the bronze doors of San Zenone at 
Verona (unhke the others, of repoussé not cast work) , those 
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Duomo of Troua, the last made in the beginning of the 12th 
century by Oderistus of Benevento Another artist named 
Roger of Amalfi worked in the same way, and in the 
year 1219 the brothers Hubertus and Petrus of Piacenza 
cast the bronze door for one of the side chapels in San 
Giovanni in Laterano One of the most mmportant early 
specimens of metal work is the gold and silver altar of 
Sant? Ambrogio in Milan In character of work and 
design it resembles the Venice Pala d’Oro, but 1s still 
earlier in date, bemg a gift to the church from Arch- 
bishop Angilbert IT m 835 ap (see Du Sommerard, 
and D’Agincourt, Moyen Age) It 1s signed WOLVINIVS 
MAGISTER PHABER , nothing 1s known of the artist, but he 
probably belonged to the semi Byzantine school of the 
Rhine provinces , according to Dr Rock he was an Anglo- 
Saxon goldsmith It 1s a very sumptuous work, the front 
of the altar bemg entirely of gold, with repousse reliefs 
and cloisonnée enamels, the back and ends are of silver, 
with gold ornaments On the ffont are figures of Christ 
and the twelves apostles, the ends and back have reliefs 
_ illustrating the hfe of St Ambrose 

The most important existing work of art m metal of the 
13th century 1s the great candelabrum now in Milan 
cathedral It 1s of gilt bronze, more than 14 feet high , 
it has seven branches for candles, and its upright stem 
is supported on four winged dragons For delicate and 
spirited execution, together with refined gracefulness of 
design, 1t 1s unsurpassed by any similar work of art Every 
one of the numerous little figures with which it 18 adorned 
18 worthy of study for the beauty and expression of the face, 
and the dignified arrangement of the drapery (see fig 3) 





Fie 3 —Boss from the Milanese Candelabrum 


The semi-conventional open scroll work of branches and 
fruit which wind aiound and frame each figure or group 18 
devised with the most perfect taste and richness of fancy, 
while each minute part of this great piece of metal work 
18 finished with all the care that could have been bestowed 
on the smallest article of gold jewellery Though some 
thing m the grotesque dragons of the base recalls the 
Byzantine school, yet the beauty of the figures and the 
keen feeling for graceful curves and folds in the drapery 
point to a native Italian as being the artist who produced 
this wonderful work of art There 1s a cast in the South 
Kensington Museum 

During the 13th and 14th centunes in Italy the wide- 
spread influence of Niccolo Pisano and his school encouraged 
the sculptor to use marble rather than bronze for his work 
At this period wrought iron came into general use in the 
form of screens for chepels and tombs, and grills for 
windows These are mustly of great beauty, and show 
remarkable skill in ¢he use of the hammer as well as power 
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in adapting the design to the requirements of the matenal, 
Among the finest examples of this sort of work are the 
screens round the tombs of the Scala family at Verona, 
1350-75,—a sort of net work of light cusped quatrefoils, 
each filled up with a small ladder (scala) im allusion to 
the name of the family The most elaborate specimen of 
this wrought work 1s the screen to the Rmuccim chapel in 
Santa Croce, Florence, of 1371, in which moulded pullars 
and window like tracery have been wrought and modelled 
by the hammer with extraordinary skill (see Wyatt, Metal 
Work of Middle Ages) Of about the same date are the 
almost equally magnificent screens in Sta Trinita, Florence, 
and at Siena across the chapel in the Palazzo Pubblico 
The main part of most of these screens 1s filled nm with 
quatre foils, and at the top is an open frieze formed of 
plate iron pierced, repouss¢, and enriched with engraving 
In the 14th century great quantities of objects for 
ecclesiastical use were produced in Italy, some on a large 
scale, and mostly the works of the best artists of the tume 





Fic 4 —Silver Repousse Reliefs from the Pisto1a Retal Je 


The silver altar of the Florence baptistery 18 one of the 
chief of these, 1t was begun im the first half of the 14th 
century, and not completed till after 1477 (see Gaz des 
Beaux Arts, Jan 1883) A whole senes of the greatest 
artists in metal laboured on it 1n succession, among whom 
were Orcagna, Ghiberti, Verrocchio, Ant Pollayuolo, and 
many others It has elaborate reliefs n repoussé work, cast 
canopies, and minute statuettes, with the further ennch 
ment of translucent coloured enamels The s'ver altar 
and retable of Pistoia cathedral (see fig 4), and the great 
shrine at Orvieto, are works of the same class, ani of equal 
importance 

Whole volumes might be devoted to the magnificent 
works in bronze produced by the Florentine artists of this 
century}, works such as the baptistery gates by Ghiberti, 
and the statues of Verrocchio, Donatello, and many 
others, but these come rather under the head of sculpture, 
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Some very magnificent bronze screens were produced at 
this time, especially that in Prato cathedral by Simone, 
brother of Donatello, n 1444-61, and the screen and bronze 
ornaments of the tomb of Piero and Giovanm dei Medici 
in San Lorenzo, Florence, by Verrocchio in 1472 

At the latter part of the 15th century and the beginning 
of the 16th the Pollayuohi, Ricci, and other artists devoted 
much labour and artistic skill to the production of candle- 
sticks and smaller objects of bronze, such as door knockers, 
many of which are works of the greatest beauty The 
candlesticks in the Certosa near Pavia, and in the cathedrals 
of Venice and Padua, are the finest examples of these 

Niccold Grossi, who worked in wrought iron under the 
patronage of Lorenzo dei Medici, produced some wonderful 
specimens of metal work, such as the candlesticks, lanterns, 
and rings fixed at intervals round the outside of the great 
palaces (see fig 5) The Strozzi palace m Florence and 





Fig 5 —Wrought Iron Candle Pricket late 15th century 
Florentine work 


the Palazzo del Magnifico at Siena have fine specimens of 
these —the former of wrought 1ron, the latter 1n cast bronze 
At Venice fine work in metal such as salvers and vases, 
was being produced, of almost Oriental design, and in 
some cases the work of resident Arab artificers In the 
16th century Benvenuto Cellin: was supreme for skill in 
the production of enamelled jewellery plate and even larger 
works of sculpture (see Plons Ben Cellunt, 1852) and John 
of Bologna in the latter part of the same century inherited 
to some extent the skill and artistic power of the great 
15th century artists Since that time Italy hke other 
countries, has produced little metal work of real value 
Spain —From a very early period the metal workers of 
Spain have been distinguished for their skill, especially in 
the use of the precious metals A very remarkable set of 
specimens of goldsmiths work of the 7th century are the 
eleven votive crowns, ‘wo crosses, and other objects found 
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m 1858 at Guarrazar, and now preserved at Madrid and in 
Paris in the Cluny Museum (see Du Sommerard, Musée de 
Cluny, 1852) Magmficent works im silver, such as shrines, 
altar crosses, and church vessels of all kinds, were pro 
duced m Spain from the 14th to the 16th century,— 
especially a number of sumptuous tabernacles (custodta) 
for the host, magmificent examples of which still exst 
in the cathedrals of Toledo and Seville The bronze 
and wrought iron screens—rgas, mostly of the 15th 
and 16th centunes—to be found in almost every im 
portant church in Spain are very fine examples of metal 
work They generally have moulded rails or ballusters, 
and mch friezes of pierced and repoussé work, the whole 
being often thickly plated with silver The common use 
of metal for pulpits is a peculiarity of Spain, they are 
sometimes of bronze, as the pairs in Burgos and Toledo 
cathedrals, or in wrought iron, hke those at Zamora and 
in the church of San Gil, Burgos The great candelabrum 
or tenebrarvum in Seville cathedral is the finest speci 
men of 16th-century metal work in Spain, 1t was mainly 
the work of Bart Morelim 1562 It 1s of cast bronze 
enriched with delicate scroll work foliage, and with num 
bers of well modelled statuettes, the general effect bemg 
very rich and graceful Especially in the art of metal 
work Spam was much influenced in the 15th and 16th 
centuries by both Italy and Germany, so that numberless 
Spanish objects produced at that time owe little or nothing 
to native designers At an earlier period Arab and Moor 
ish influence 1s no less apparent 

England —In Saxon times the Enghsh metal workers, 
especially of the precious metals, possessed great skill, and 
appear to have produced shrines, altar frontals, retables, 
and other ecclesiastical furniture of considerable size and 
magnificence 

Dunstan, archbishop of Canterbury (925 988), hke 
Bernward, bishop of Hildesheim a few years later, and St 
Eloi of France three centuries earlier, was himself a skilful 
worker 1n all kinds of metal The description of the gold 
and silver retable given to the high altar of Ely by Abbot 
Theodwin in the 11th century, shows it to have been a large 
and elaborate piece of work decorated with many reliefs 
and figures in the round In 1241 Henry III gave the 
order for the great gold shrine to contain the bones of 
Edward the Confessor (see W Burges in Gleanings from 
Westminster) It was the work of members of the Otho 
family, among whom the goldsmiths and comers crafts 
appear to have been long hereditary Countless other 
important works im the precious metals adorned every 
abbey and cathedral church in the kmgdom 

In the 13th century the Enghsh workers in wrought 
iron were especially skilful The grill over the tomb of 
Queen Eleanor at Westminster, by Thomas de Leghton, 
made about 1294, 1s a remarkable example of skill mm weld 
mg and modelhng with the hammer (see fig 6) 

The rich and graceful iron hinges, made often for small 
and out-of the way country churches, are a large and 
important class in the list of English wrought iron work 
Those on the refectory door of Merton College, Oxford, are 
a beautiful and well preserved example dating from the 
14th century 

More mechanical in execution, though still very mch in 
effect, is that sort of iron tracery work produced by cutting 
out patterns in plate, and superimposing one plate over 
the other, so as to give mchness of effect by the shadows 
produced by these varying planes The screen by Henry 
V s tomb at Westmunster 1s a good early specimen of this 
kind of work 

The screen to Bishop West’s chapel at Ely, and that 
round Edward IV ’s tomb at Windsor, both made towards 
the end of the 15th century, are the most magnificent 
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English examples of wrought iron, m which every art and 
feat of skill known to the smith has been brought into 
play to give variety and richness to the work 

Much wrought-iron work of great beauty was produced 
at the beginning of the 18th century, especially under the 
superintendence of Sir Chmstopher Wren (see Ebbetts, 
Iron Work of 17th and 18th Centurves, 1880) Large 
flowing leaves of acanthus and other plants were beaten 
out with wonderful spirit and beauty of curve The 
gates from Hampton Court are the finest examples of 
this class of work (see fig 7) 

From an early period bronze and latten (a variety of 
brass) were much used in England for the smaller objects 
both of ecclesiastical and domestic use, but except for 
tombs and lecterns were but little used on a large scale till 
the 16th century The fulllength recumbent effigies of 
Henry III and Queen Eleanor at Westminster, cast in 
bronze by the “cire perdue” progess, and thickly gilt, are 
equal, 1f not superior, in artistic beauty to any sculptor’s 
work of the same period (end of the 13th century) that was 
produced in Italy or elsewhere These effigies are the work 





Fiag 6 —Part of the ‘‘ Eleanor Grill 


of an Englishman named William Torel (see Westminster 
Gleanungs) The gates to Henry VII’s chapel, and the 
screen round his tomb at Westminster (see fig 8), are very 
alaborate and beautiful examples of “atten” work, show 
mg the greatest technical skill in the founder’s ait In 
fatten also were produced the numerous monumental 
brasses of which about two thousand still exist mm England 
Though a few were made in the 13th century, yet 1t was 
not till the 14th that they came into general use They 
are made of cast plates of brass, with the design worked 
upon them with the chisel and graver All those, how 
ever, to be seen in English churches are not of native 
work—great quantities of them being Flemish imports (see 
Cotman, Waller, and Boutell on Monumental Brasses) 

eIn addition to its chief use as a roof covering, lead was 
sometimes used in England for making fonts, generally 
tub-shaped, with figures cast mm relief Many examples 
exist ¢g, at Tidenham, Gloucestershire , Warborough and 
Dorchester, Oxon*, Chirton, Wilts , and other places. 
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Germany —Unhke England, Germany in the 10th and 
11th centuries produced large and elaborate works in cast 
bronze, especially doors for churches, much resembling 
the contemporary doors made in Italy under Byzantine 
influence Bernward, bishop of Hildesheim, 992-1022, 
was especially skilled in this work, and was much influenced 
in design by a visit to Rome in the suite of Otho III The 
bronze column with winding reliefs now at Hildesheim 
was the result of his study of Trajans column, and the 
bronze door which he made for his own cathedral shows 
classical influence, especially in the composition of the 
drapery of the figures in the panels. 


‘ E l 
f . 
. . 
Ny ; 
4 


eS 
IA 


BS 


“ 
Fe Sy 
MS (Ore 


Le 


Se NS a, 2 
~ANeaSe 
pO Op 
1La\ Gx //S 
a OM 

(6 vA 





Fig 7 —Part of one of the Hampton Court Gates 


The bronze doors of Augsburg (1047-72) are similar 
mn style The bronze tomb of Rudolph of Swabia in 
Mersburg cathedral (1080) 1s another fine work of the 
same school The production of works in gold and silver 
was also carried on vigorously in Germany The shrine of 
the three kings at Cologne 1s the finest surviving example 

At a later time Augsburg and Nuremberg were the chief 
centres for the production of artistic works in the \arious 
metals. Herman Vischer, in the 15th century, and his son 
and grandsons were very remarkable as Lronze founders The 
font at Wittenberg, decorated with reliefs of the apostles, 
was the work of the elder Vischer, while Peter and his son 
produced, among other important works, the shnne of St 
Sebald at Nuremberg, a work of great finish and of 
astonishing richness of fancy in its design (see Doebner, 
Christluches Kunstblatt, 1866, Nos 10-12) The tomb 
of Maximilian J, and the statues round it, at Innsbruck, 
begun in 1521, are perhaps the most meritorious German 
work of this class in the 16th century, and show consider- 
able Italian influence. 
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In wrought iron the German smiths, especially during 
the 15th century, greatly excelled Almost peculiar to 
Germany 1s the use of wrought iron for grave crosses and 
sepulchral monuments, of which the Nuremberg and other 
cemeteries contain fine examples Many elaborate well 
canopies were made in wrought iron, and gave full play to 
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the fancy and invention of the smith The celebrated 
15th century examplc over the well at Antwerp, attributed 
to Quintin Massys, 1s the finest of these 

France —From the time of the Romans the city of 
Limoges has been celebrated for all sorts of metal work, 
and especially for brass enriched with enamel In the 
13th and 14th centuries many Ife size sepulchral effigies 
were made of beaten copper or bronze, and ornamented by 
various coloured “champleve” enamels The beauty of 
these effigies led to their bemg imported into England, 
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most are now destroyed, but a fine specimen still exists 
at Westminster on the tomb of William de Valence (1296) 
In ornamental iron work for doors the French smiths were 
pre eminent for the richness of design and skilful treatment 
of their metal No examples probably surpass those on 
the west doors of Notre Dame in Paris—now unhappily 
much falsified by restoration The crockets and fimals 
on the fléches of Amiens and Rheims are beautiful speci 
mens of a highly ornamental treatment of cast lead, for 
which France was especially celebrated In most respects, 
howevei, the development of the various kinds of metal- 
working went through much the same stages as in England 

Persva and Damascus —The metal workers of the East, 
especially in brass and steel, were renowned for their skill 





even in the time of Theophilus, the monkish writer on the 
subject n the 13th century But it was during the reign 
of Shah Abbas I (d 1628) that the greatest amount of 
skill both im design and execution was reached by the 
Persian workmen Delicate pierced vessels of gilt brass, 
enriched by tooling and inlay of gold and silver, were 
among the chief specialties of the Persians (see fig 9) 

A process called by Europeans “damascening” (from 
Damascus, the chief seat of the export) was used to produce 
very delicate and mch surface ornament A pattern was 
incised with a graver in iron or steel, and then gold wire 
was beaten into the sunk lines, the whole surface being 
then smoothed and polished In the time of Cellini this 
process was copied in Italy, and largely used, especially 
for the decoration of weapons and armour The repoussé 
process both for brass and silver was much used by Oriental 
workers, and even now fine works of this class are pro- 
duced in the East, old designs still beng adhered to 
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Recent Metal-Work.—In modern Europe generally the 
arts of metal-working both as regards design and tech 
nical skill are not im a flourishing condition The great 
bronze lions of the Nelson monument in London are a sad 
example of the present low state of the founder's art 
Coarse sand casting in England now takes the place of the 
delicate “cire perdue” process 

Some attempts have lately been made in Germany to 
revive the art of good wrought-iron work The Prussian 
gates, bought ata high price for the South Kensington 
Museum, are large and pretentious, but unfortunately are 
only of value as @ warning to show what wrought iron 
ought not tobe Some Enghsh recent specimens of ham 
mered work are more hopeful, and show that one or two 
smiths are working in the nght direction 
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HE term metaphysic, originally intended to mark the 
place of a particular treatise in the collection of | 
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METAMORPHOSIS This term has been employed 
in several distinct senses in biology Dumng the early 
part of the century it was constantly used to mclude the 
current morphological conceptions, as, for instance, of the 
parts of a flower as modified or “ metamorphosed ” leaves, 
or of the segments of a skull as modified vertebrx 
It 18 still frequently employed to denote that progressive 
change from the general to the special undergone by all 
developing tissues and organs (see BioLocy, EMBRYOLOGY), 
but in this sense 1s conveniently superseded by the term 
“differentiation” In the process of animal development, 
two types are broadly distinguishable,—a foetal type, in 
which development takes place wholly or in greater part 
either within the egg or within the body of the parent, 
and a larval type, in which the young are born in a 


| condition more or less differmg from that of the adult, 


while the adult stage again 1s reached in one of two ways, 
either by a process of gradual change, or by a succession 
of more or less rapid and striking transformations, to 
which the term metamorphosis 1s now usually restricted 
Metamorphosis 1s generally regarded as having been 
brought about by the action of natural selection, partly in 
curtailing and reducing the phases of development (ap 
obvious advantage in economy of both structural and 
functional change), and partly also m favourmg the 
acquirement of such secondary characters as are advan 
tageous in the struggle for existence Freshwater and 
terrestrial animals develop without metamorphosis much 
more frequently than marine members of the same group, 
a circumstance which has been variously explamed For 
details of metamorphoses see the articles on the various 
groups of animals, see also Balfour's Comparative Em 
bryology, 1880-81 
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presents itself as real We may ask what 1s its ideal 
nature or definition, and what are the conditions of its 


Aristotle’s works, has, mainly owing to a misunderstanding, realization, we may ask by what or whom it was produced, 
survived several other titles,—such as “First Philosophy,” _ and for what end, we may ask, in other words, for the 
“Ontology,” and “Theology,” which Amstotle himself ' formal and the material, for the efficient and the final 
used or suggested Neo Platonic mystics interpreted it causes of everything that 1s These different questions 
as signifying that which 1s not merely “after” but pomt to different elements in our notion of Beg, elements 
“beyond” physics, and found in it a fit designation which may be considered in their general relations apart 
for a science which, as they held, could not be attamed | from any particular case of their umon _These, therefore, 


except by one who had turned his back upon the natural | the first philosophy must investigate But, further, this 


world And writers of a different tendency in a later 
tame gladly accepted it as a convenient nickname for 
theories which they regarded as having no basis im 
experience, in the same spirit in which the great German 
minister Stem used the analogous title of “ metapolitics ” 
for airy and unpractical schemes of social reform A bref 
indication of the contents of Aristotle’s treatise may enable 
us to give a general definition of the science which was first 
distinctly constituted by it, and to determine in what sense 
the subjects which that science has to consider are beyond 
nature and experience 

For Aristotle, metaphysic 1s the science wich has to do 
with Being as such, Being in general, as distinguished from 
the special sciences which deal with special forms of 
bemg There are certain questions which, in Anistotle’s 
view, we have & right to ask m regard to everything that 


science of being cannot be entirely separated from the 
science of knowing, but must determine at least its most 
general principles For the science that deals with what 
18 most universal in being 1s, for that very reason, dealing 
with the objects which are most nearly akin to the 
intelligence These, indeed, are not the objects which are 
first presented to our minds , we begin with the particular, 
not the universal, with a mporov yuty which is not mparoy 
gv, but science reaches its true form only when the 
order of thought 1s made one with the order of nature, and 
the particular is known through the umversal Yet this 
conversion or revolution of the intellectual pomt of view 
1s not to be regarded as an absolute change from error to 
truth , for Anstotle holds that nihu est in tntellectu quod 
non preus in sensu, in the meaning that in sense perception 
there 1s already the working of that discriminative intelli- 
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gence! which, beginning 1n sense perception, with the dis , 
tinction of particular from particular, can rest only when it 
has apprehended things mm their universal forms or defint 
tions Looking at knowledge formally, the highest law of ' 
thought, the law of contradiction (or, as we might call it, to 
indicate Aristotles meaning more exactly, the law of de 
finition or distinction), 1s already implied in the first act of 
perception by which one thing 1s distinguished from another 
Looking at it matervally, the reason of man 1s to be con 
ceived as potentially all that is knowable, 1¢, objects are 
so related to it that for 1t to know them in their essential 
definitions 1s only to know itself The aim of science, in 
this view, 1s to break through the husk of matter, and to 
apprehend things in their forms, in which they are one with 
the mind that knows them Hence also it follows that in 
rising to the most universal science the science of Being in 
general, the mind 1s not leaving the region of ummediate 
experience, in which it 1s at home, for a far off region of 
abstractions Rather it 1s returning to itself, apprehend 
ing that which is most closely related to itself, and which 
therefore, though it 13 late in bemg made the direct object 
of investigation, 1s yet presupposed in all that 1s, and 1s 
known ? 

Metaphysic, then, 1s the science which deals with the 
orinciples which are presupposed in all being and knowing, 
though they are brought to hght only by philosophy 
Another trut completes the Aristotelian account of it 
It 1s theology, or the science of God Now God 18 voyors 
vonoews, pure self consciousness, the absolute thought which 
1s one with 1t3 object, and He 1s therefore the first cause 
of all existence or, while the world of nature 1s a world 
of motion and change in which form 1s realized in matter, 
this process of the finite can be explained only by referring 
it back to an unmoved mover, in whom there 1s no distinc 
tion of matter and form, and who 1s, therefore, in Aristotle s 
view, to be conceived as pure form, the purely ideal or 
theorctie activity of a consciousness whose object 1s itself 
Such a conception, however, while it secures the depend 
ence and absoluteness of the unmoved mover, by removing 
him from all relation to what 1s other than himself, seems 
to make his connexion with the world inexplicable We 
can on this theory refer the world to God, but not God to 
the world Hence Aristotle seems sometimes to say that 
God 1s the first mover only as He 1s the last end after which 
all creation strives, and this leads him to attribute to 
nature a desire or will which 1s directed towards the good 
as its object or end 

Aristotle then brings together in his metaphysic three 
elements which are often separated from each other, and 
the connexion of which 1s far from being at once obvious 
It 1s to him the science of the first principles of being 
It 1s also the science of the first principles of knowing 
Lastly, 1t 18 the science of God, as the begining and end 
of all things, the absolute unity of being and thought, in 
which all the differences of finite thought and existence 
are either excluded or overcome 

To some this description of the contents of Anstotles 
treatise, and especially the last part of 1t, may seem to be 
a confirmation of all the worst charges brought against 
metaphysic For at both extremes this supposed science 
seems to deal with that which is beyond experience, and 
which therefore cannot be verified by it It takes us 
back to a beginning which 1s prior to the existence as well 
as to the consciousness of finite objects in time and space, 
and on to an end to which no scientific prophecy based 
upon our consciousness of such objects can reach In the 


1 Auvaus xpttich, Anal Post, 996 

* What 1s said here as to the intelligence 1s partly taken from the 
De Anima The necessary qualifications of the above general state- 
ment of Anstotles views wil ve gven subsequently 
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former aspect of it, 1t has to do with notions so abstract 
and general that it seems as if they could not be fixed or 
tested by reference to any experience, but must necessarily 
be the playthings of dialectical sophistry In the latter 
aspect of it, 1t entangles us m questions as to the final 
cause and ultimate meaning of things, questions involving 
so comprehensive @ view of the infinite universe in which 
we are Insignificant parts that 1t seems as if any attempt 
to answer them must be for us vain and presumptuous 
On both sides, therefore, metaphysic appears to be an 
attempt to occupy regions which are beyond the habitable 
space of the intelligible world—to deal with ideas which 
are either so vague and abstract that they cannot be 
fastened to any definite meaning, or so complex and far 
reaching that they can never by any possibility be verified 
For beings hke men, fixed within these narrow limits of 
space and time, the true course, 1t would seem, 1s to 
“cultivate their gardens,, asking neither whence they 
come nor whither they go, or asking it only within the 
possible limits of history and scientific prophecy To go 
back to the beginning or on to the end is beyond them, 
even in a temporal, still more in a metaphysical, sense 
That which 1s rpérov duce: escapes us even more absolutely 
than the prehistorical and pregeological records of man 
and his world That which 1s torarov dvoe escapes us 
even more absolutely than the far off future type of 
civilization, which social sctence vainly endeavours to 
anticipate Our state is best pictured by that early 
Anglican philosopher who compared it to a bird flying 
through a lighted room “between the night and the 
night The true aim of philosophy 1s, therefore, it 
would seem, to direct our thoughts to the careful exam 
ination and utilization of the narrow space allotted to ys 


| by an inscrutable power, and with scientific self restraint 


to refrain from all speculation either on first or on final 
causes 
The matin questions as to the possibility and the nature of 


_metaphysic, according to Aristotles conception of 1t, may 


be summed up under two heads We may ask whether 
Wwe can 1n any sense reach that which 1s beyond experience, 
and, if so, whether this “ beyond’ 18 @ first or a last 
principle, a pre condition or a final cause of nature and 
experience, or both The former question branches out 
into two, according as we look at metaphysic from the 
objective or the subjective side, or, to express the matter 
more accurately, according as we consider 1t in relation to 
those natural objects which are merely objects of knowledge, 
or in relation to those spiritual objects which are also 
subjects of knowledge We shall therefore consider meta- 
physic, first, in relation to science in general, and, secondly, 
in relation to the special science of psychology The 
latter question also has two aspects , for, while the idea of 
a first cause or principle pomts to the connexion between 
metaphysic and logic, the idea of a last principle or final 
cause connects metaphysic with theology We shall there- 
fore consider in the third place the relation of metaphysic 
to logic, and in the fourth place its relation to religion and 
the philosophy of religion 

1 The Relation of Metaphysic to Scence —The beginnings 
of science and metaphysic are identical, though there 1s a 
sense in which it may be admitted that the metaphysical 
comes before the scientific or positive era The first efforts 
of philosophy grasp at once at the prize of absolute 
knowledge No sooner did the Greeks become dissatisfied 
with the pictorial synthesis of mythology by which their 
thoughts were first lifted above the confusion of particular. 
things, than they asked for one universal principle which 
should explain all things The Ionic school sought to find 
some one phenomenon of nature which might be used as 
the key to all other phenomena The Eledtics, seeing the 
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futility of making one finite thing the explanation of all 
other finite things, tried to find that explanation in the very 
notion of unity or being itself © We need not underestimate 
the speculative value of such bold attempts to sum up all 
the variety of the world in one idea, but it 1s obvious that 
they rather give a name to the problem than solve it, or 
that they put the very consciousness of the problem in place 
of the solution of 1t Science 1s possible only 1f we can 
rise from the particular to the universal, from a subjective 
view of things as they immediately present themselves to 
us in perception to an objective determination of them 
through laws and principles which have no special relation 
to any particular set of events or to any one individual 
subject But this 1s only one aspect of the matter To 
advance from a conception of the world wm ordine ad 
wndurduum to one wm ordine ad unwersum, and so to 
discount and eliminate what 1s merely subjective and 
accidental in our first conscioysness of the world, 1s the 
beginning of knowledge But little 1s gamed unless the 
universal, which we reach through the negation of the 
particulars, 1s more than ther mere negation , unless it 
1s & law or principle by means of which we can explain 
the particulars Now the defect of early philosophy 
was that its universal was “the one beyond the many,’ 
not the “one in the many, —in other words, that it was 
not a law or principle by which the particulars subsumed 
under it could be explained, but simply the abstraction 
of an element common to them But the process of 
knowledge 1s a process that volves both analysis and 
synthesis, negation and reaffirmation of the particulars 
with which we start If we exaggerate the former aspect 
of it, we enter upon the wa negatwa of the mystics, the 
way of pure abstraction and negation, which would open 
the mind to the ideal reality of things simply by shutting 
it to all the perceptions of sensible phenomena And, if we 
follow out this method to its legitimate result, we must 
treat the highest abstraction, the abstraction of Being, as if 
it were the sum of all reality, and the Neo Platonic ecstasy 
in which all distinction, even the distinction of subject and 
object, 1s lost as the only attitude of mind in which truth 
can be apprehended 

In the philosophy of the Socratic school we find the first 
attemut at a systematic as opposed to an abstract theory— 
the first attempt to bring together the one and the many, 
and so to determine the former that it should throw light 
upon the latter Yet even in Plato the tendency to oppose 
the universal to the particular 1s stronger than the 
tendency to relate them to each other, and in some of his 
dialogues, as, eg, in the Phzdo, we find a near approach 
to that identification of the process of knowledge with 
abstraction which 1s the characteristic of mysticism 
Aristotle, therefore, had some ground for taking the Platonic 
principle that “the real 1s the universal” in a sense which 
excludes the reality of the individual Yet, though he 
detected Plato’s error in opposing the universal to the 
particular, and though, at the same time, he did not 
entirely lose sight of the truth which Plato had exagger 
ated, that the particular is intelligible only through the 
universal, Aristotle was not able to escape the influence 
of that dualism which had marred the philosophy of his 
predecessor Hence the effect of his protest against a 
philosophy of abstraction was partly neutralized by his 
separation between the divine Beimg as pure form and 
nature as the unity of form and matter, and again by his 
separation of the pure reason which apprehends the 
dorms of things from the perceptions of sense which deal 
with forms realized in matter And after Aristotle’s tame 
the tendency of philosophy was more and more to withdraw 
from contact with experience The Neo-Platomic phulo- 
sophy, and the ‘Christian theology which was so strongly 
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influenced by it, contained, indeed, an idea of the recon- 
ciliation of God and nature, and hence of form and matter, 
which must ultimately be fatal to dualism, and therefore to 
the method of merc abstraction But the explicit meaning 
of the philosophy of the Middle Ages was still dualistic, 
and the mode in which the Anstotelian formule were 
wrought into the substance of Christian doctrine by the 
scholastics tended more and more to conceal that idea of 
the unity of opposites which was involved in Chnistianity 
Hence medieval realism presented, in its most one-sided 
form, the doctrine that “ the real is the universal,” meaning 
by the universal nothing more than the abstract And, as 
a natural consequence, the modern insurrection of the 
scientific spirit against scholasticism took its start from 
an equally bald and one sided assertion of the opposite 
principle, that “the real is the individual, meaning by 
that the dividual of immediate perception If Platonism 
had dwelt too exclusively on one aspect of the process of 
knowledge, viz , that 1t seeks to rise above the particular, the 
sensible, the subjective, to the universal, the intelligible, the 
objective, as if in the latter alone were reality to be found, 
modern men of science learnt from their first nomunalistic 
teachers to regard the universal as nothing more than an 
abbreviated expression for the particulars, and science itself 
as a mere generalization of the facts of sensible perception 
But this view of scientific knowledge, as a mere reaffirma 
tion of what 1s immediately given m sense, 18 as umperfect 
as the opposite theory, which reduces it to the mere 
negation of what 1s so given An ideal world utterly 
and entirely divorced from the phenomenal, and an ideal 
world which 1s simply a repetition of the phenomenal, 
are equally meaningless The processes of science have 
both a negative and a positive side, they mvolve a nega 
tion of the particular as it 1s immediately presented m 
sense, but only with a view to its bemg reafhrmed with a 
new determination through the universal The fact as it 
is first presented to us 1s not the fact as it 1s, for, though 
it 1s from the fact as given that we rie to the knowledge 
of the law, it 1s the law that first enables us to understand 
what the fact really means Our first consciousness of 
things 1s thus, not an ummovable foundation upon which 
science may build, but iather a hypothetical and self-con 
tradictory starting pomt of investigation which becomes 
changed and transformed as we advance 
The nominalism of scientific men 1n modern times Is dae 
to two special causes, one of which has already been 
mentioned It 1s partly due to the traditions of a time 
when medieval realism was the great enemy of science 
The Baconian protest against the “anticipation of nature” 
was @ relative truth when it was urged against a class of 
writers who supposed that true theories could be attamed 
without regard to facts, the Bacoman assertion of the 
necessity of attending to arvomata media was the necessary 
correction of the tendencies of mystics, who supposed that 
philosophy could attain its end by grasping at once at 
absolute unity, and contented themselves, therefore, with 
a untty which did nothing to explain the differences 
But, when the former was turned into the dogmatic 
assertion that the mind 1s, or ought to be, passive mm the 
process of knowledge, as having 1n itself no principle for the 
explanation of things, and when the latter was turned into 
the dogmatic assertion that science can only proceed from 
part to part and never from the whole to the parts, these 
relative truths became a source of error And this error 
was confirmed and increased by the mistaken views of those 
who first tmed to correct it For these, admitting that 
scientific truth 1s entirely derived from external experience, 
only ventured to assert the existence of a prior: knowledge 
alongside of, and in addition to, that which 1s a postersors. 
In other words, they sought in inner se aa a basis for 
~— 1! e 
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those beliefs which outward experience seemed unable to 
support But this basis was soon found to be treacherous 
Introspection, observation of the inner life as opposed to 
and distinguished from the outer hfe, could be only an 
observation of the facts of the individual consciousness as 
such, and to base religion and morality on such a founda- 
tion was to treat God and right as subjective phenomena, 
which do not necessarily correspond to any objective 
reality Nor was this conclusion really evaded by the 
assertion of the self evidencing necessity of such ideas and 
beliefs, or of the principles upon which they are founded 
For this necessity, as a subjective phenomenon, might be 
accounted for otherwise than by the supposition of their 
objective validity Such scepticism, further, was favoured 
by the progress of science, which, as it advanced from 
physics to biology and sociology, became more and more in 
consistent with the idea of an absolute breach between inner 
and outer experience, and narrowed the sphere which had 
been hitherto reserved for the former Man, it was urged, 1s 
but a part in a greater whole, not exempted from the law 
of action and reaction which connects all parts of that 
whole with each other His individual life contais only 
a few links in a chain of causation that goes back to a 
beginning and onwaid to an end of which he knows 
nothing And, as Spinoza says, vs gua unaqueque res in 
existendy perseverat a causis externts infinite superatur 
Hence to trcat ideas which are only states of the individual 
consciousness as the explanation of the world, stead of 
treating them as phenomena to be explained by its relation 
to that world, seemed to be an absurdity The particular 
beliefs and tendencies of the mind were to be regarded, 
not as ultimate facts in reference to which everything 
1s to be interpreted, but rather as facts which are 
themselves to be referred to more general causes and 
laws It thus appeared that the attempt to divide truth 
into an a posterior. and an a priort part, the latter of 
which should find its evidence mm an imner experience 
as the former in an outc experience, 1s an illusive pro 
cess If the @ prio7e 1s reduced to the level of the a 
postervor:, 1+ becomes impossible to base on the @ prior 
any beliefs that go beyond the range of subjective 
experience If the self and the not self are taken simply 
as different finite things, which we can observe in turn, 
their relations must be brought under the general laws of 
the connexion of finite things with each other, and the 
phenomena of mind must be treted, like the phenomena 
of matter, as facts to be accounted for according to these 
laws 

But this of itself indicates a way of escape both from 
the introspective theory and from the empiricism to which 
it 18 opposed For it suggests the question—What 1s the 
source of those very law» which guide the procedure of 
sclence in accounting for facts, psychological facts among 
others? When a scientific psychologist of the modern 
school attempts to show how by habituation of the 
individual and the race the necessity of thought expressed 
in the law of causation was produced in the minds of the 
present generation of men, it 1s obvious that his whole 
investigation and argument presuppose the law whose 
genesis he 1s accounting for A glaring instance of such 
circular reasoning 1» found in the wmtings of the most 
prominent representative of the school in the present day 
Mr Spencer begins by laying down as a first postulate of 
science that necessity of thought must be taken as a 
criterion of truth It is by the continual aid of this 
postulate that he constructs his system of nature, and 
finally his psychological theory of the development of 
consciousness in man Yet the main object of this 
psychological theory seems to be to account for the very 
necessities with which the author starts Obviously sucha 


METAPHYSIC 


philosophy contains elements of which the author 1s 
imperfectly conscious , for 1t mvolves that mind 1s not 
only the last product but the first presupposition of 
nature, or, 1n other words, that in mind nature returns 
upon its first principle But to admit this 1s at once to 
lift the conscious bemg as such above the position which 
he would hold as merely a finite part of a finite world It 
is to assert that nature has an essential relation to a con 
sciousness which 1s developed in man, and that in the 
growth of this consciousness we have, not an evolution 
which 1s the result of the action of nature as a system of 
external causes upon hem, but an evolution in which nature 
1s really “coming to itself,’ +e, coming to self conscious- 
ness, 1n hem 

Now it was Kant who first—though with a certam 
limitation of aim—brought this idea of the relativity 
of thought and being to the consciousness of the modern 
world In the Critique of, Pure Reason, thought, mdeed, 
1s not set up as an absolute prs, in relation to which all 
existence must be conceived, but it 1s set up as the prous 
of experience, and so of all existences whieh are objects of 
our knowledge Experience 1s for Kant essentially relative 
to the conscious self, it exists through the necessary 
subsumption of the forms and matter of sense under the 
categories, as, on the other hand, the consciousness of self 
1s recognized as essentially dependent on this process On 
this view, the a priort and a posterior factors of experience 
do not really exist apart as two separate portions of 
knowledge If they are severed, each loses all its mean 
ing Perceptions in themselves are void, categories in 
themselves are empty We do not look outwards for one 
kind of truth and inwards for another, nor do we even, 
by an external process, bring facts given as contingent 
under principles recognized as necessary , but the a priors 
1s the condition under which alone the a posterrom exists 
forus Even if it 1 allowed that the facts of inner and 
outer experience contain a contingent element or matter, 
given under the conditions of time and space, yet neither 
time nor space nor the facts of experience conditioned by 
them exist for us except as elements of an experience 
which 1s organized according to the categories 

This 1s the essential truth which Kant had to express 
It 1s marred in his statement of 1t by the persistent 
influence of the abstract division between contingent 
matter given from without and necessary principles 
suppled from within, a division essentially incousistent 
with the attempt to show that the contingent matter 1s 
necessarily subsumed under these principles, and indeed 
exists for us only as itis so subsumed But Kant himself 
puts ito our hands the means of correcting his own 
madequacy, when he reduces the inaccessible thing 1n itself, 
which he at first speaks of as affecting our sensibility and 
so giving rise to the contingent matter of experience, to & 
noumenon (voovzevoy) which 1s projected by reason itself 
The Dtralecttc exhibits the idea of thought as not only 
constituting finite experience but also reaching beyond it, 
though as yet only ina negative way The mind is, on 
this view, so far unlimited that 1t knows its own limits , 1 
1s conscious of the defects of its experience, of the com 
tingency of its sensible matter, and the emptiness and 
finitude of its categories , and by reason of this conscious 
ness 16 18 always seeking in experience an ideal which it 18 
impossible to realize there Thought measures experience 
by its own nature, and finds 1t wanting It demands 
a kind of umty or identity 1m its objects which it 18 unable 
to find in the actual objects of experience It 1s thise 
demand of reason which lifts man above a mere animal 
existence, and forces him by aid of the categories to 
determine the matter of sense as a world of objects , yet, as 
his finite world of experience can never satisfy the demand 
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of reason, the consciousness of it 1s immediately com | noumenal object and in relation to the noumenal subject, 


bined with the consciousness of its lumited and phenomenal . 
The student of the Critique of Pure Reason ' 


character 
cannot but recognize the strange balance between the real 
and the phenomenal in which it ends, allowing to man the 
consciousness of each so far as to enable him to see the 
defects of the other,—so that by aid of the pure identity of 
reason he can criticize and condemn the “blindness” or 
unresolved difference of experience, and by means of the 
concreteness and complexity of experience he can condemn 
the “empty” identity of reason 
In order, however, to understand the full bearing of 
Kant’s criticism of knowledge, and at the same time to find 
the meeting point of the opposite currents of thought which 
alternately prevail in it, 1t will be necessary to consider 
the subject a little more closely The lesson of the Critique 
may be gathered up into two points In the first place, 
it 1s a refutation of the ordinary view of experience as 
something immediately given for thought and not con 
stituted by it In the second place, it 1s a demonstration 
of the merely phenomenal character of the objects of 
experience, 7¢, the demonstration that the objects of 
experience, even as determined by science, are not things 
in themselves Both these results require to be kept 
clearly in view 1f we would understand the movement of 
thought excited by Kant On the one hand Kart had to 
teach that what 1s ordinarily regarded as real, the world 
of experience, 1s transcendently ideal, 2 ¢, 1s determined as 
real by a priorz forms of thought On the other hand he 
had to teach that the world so determined 1s empirically 
and not transcendentally real, 2¢, 1ts reality 1s merely 
phenomenal With the former lesson he met the man of 
*science, and compelled him to renounce his materialistic 
explanation of the world as a thing which exists m 
independence of the mind that knows it The world we 
know 1s a world which exists only as it exists for us, for 
the thinking subject , hence the thinking subject, the ego, 
cannot be taken as an object like other objects, an object 
the phenomena of which are to be explained like other 
phenomena by their place in the connexion of experience 
Having, however, thus repelled scientific materialism by 
the proof that the reality of experience 1s ideal, Kant 
refuses to proceed to the complete identification of reality 
with ideality, and meets the claims of the metaphysician 
with the assertion that the realty of experience 1s merely 
phenomenal Hence he rejects any idealism that would 
involve the negation of things in themselves beyond 
phenomena, or the identification of the objects of experience 
with these things The reality we know 1s a reality which 
exists only for us as conscious subjects, but this, though 
it 1s the only reality we can know, 1s not the absolute 
reality 
It 1s, however, to be observed that the nature of this 
opposition between phenomena and things in themselves 
seems to change as we advance from the Analytic, where 
the existence of such things 1s presupposed, to the Dralectre, 
where the grounds of that presupposition are examined 
At first the opposition seems to be between what 18 present 
m consciousness and what 1s absolutely beyond conscious 
ness The matter of experience 1s regarded as given exter 
nally im the affections of the sensible subject,—affections 
caused by an unknown thing in itself, of which, however, 
they can tell us nothmg“ On the other hand the form of 
experience, the categories and principles of judgment which 
turn these affections into objects of knowledge, are not pure 
expressions of the real nature, the pure identity, of the 
subject in itself, but only products of the identity of the 
self im relation to the sensibility and its forms of time 
and space Hence, on both sides we must regard expe 
rience ag merely phenomenal, iJ ke in relation to the 


which lurk behind the veil and send forth into expe 
rience on the one side affections which become objects 
through their determmmation by the unity of thought, and 
on the other side an identity of thought which becomes 
self conscious in relation to the objects so determined by 
itself 

Kant, however, having thus answered the question of 
the possibility of experience by reference to two things in 
themselves which are out of experience, 1s obliged to ask 
himself how the consciousness of these two things in 
themselves, and the criticism of experience 1n relation to 
them, 1s possible And here, obviously, the opposition 
can no longer be conceived as an opposition between that 
which 1s and that which 1s not in consciousness For the 
things in themselves must be present to consciousness In 
some fashion in order that they may be contrasted with the 
phenomena If, therefore, phenomena are now regarded 
as unreal, 1t must be because we have an zdea of reality to 
which the reality of experience does not fully correspond 
In the Analytic Kant had beenspeaking as if the real con 
sisted in something which is not present to the conscious 
subject at all, though we, by analysis of his experience, 
can refer to it as the cause of that which 1s so present 
Now 1n the Dialectic he has to account for the fact that 
the conscious subject himself is able to transcend his 
experience, and to contrast the objects of 1t as phenomenal 
with things in themselves 

Now it 1s obvious that such an opposition 1s possible only 
so far as the thought, which constitutes experience, 1s at 
the same time conscious of itself in opposition to the 
experience it constitutes The reason why experience 1s 
condemned as phenomenal 1s, therefore, not because it 18 
that which exists for thought as opposed to that which 
does not exist for thought, but because 1+ umperfectly 
corresponds to the determination of thought m itself In 
other words, 1t 1s condemned as unreal, not because it 18 
ideal, but because it 1s emperfectly ideal And the absolute 
reality 1s represented, not as that which exists without 
relation to thought, but as that which 1s identical with the 
thought for which it 1s In the Dualectu, therefore, 
the noumenon 1s substituted for the thing im itself, and 
the noumenon is, as Kant tells us, the object as 1t existe 
for an intuitive or perceptive understanding, te , an under- 
standing which does not synthetically combine the given 
matter of sense into objects by means of categones, but 
whose thought 1s one with the existence of the objects 1t 
knows It 1s the idea of such a pure identity of hnowing 
aud being, as suggested by thought itself, which leads us 
to regard our actual empirical knowledge as imperfect, and 
its objects as not, mn an absolute sense, real objects The 
noumena are not, therefore, the unknown causes by whose 
action and reaction conscious experience 18 produced , they 
represent a unity of thought with itself to which it finds 
experience adequate This higher unity of thought with 
itself 1s what Kant cally reason, and he identifies 1t with 
the faculty of syllogizng Further, he finds im the three 
forms of syllogism a guiding thread which brings him to 
the recognition of three forms in which the pure unity of 
reason presents itself to us in opposition to the merely 
synthetue unity of experience, a psychological, a cosmo 
logical, and a theological form In each of these cases 
the empirical process of knowledge 1s accompanied guided, 
and stimulated by an idea which nevertheless it 1» unable 
to realize or verify In psychology we have ever present 
to us an idea of the identity of the self, which 15 never 
realized m our actual self-consciousness, because the self 
of which we are conscious 1s manifold im its states and 
because it stands in relation to an external world, The 
idea of sumple identity 1», therefore something we may set 
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before us as the goal of an ideal psychology, to which we 
may approximate in so far as we can trace unity of faculty 
through all the differences of mental phenomena, but to 
which we can never attain owing to the nature of the matter 
with which we deal Again, in our scientific attempts to 
explain our external experience, the unity of reason takes 
the form of an idea of the world as a completed infinite 
whole, which contains all the objects known to us and all 
other possible objects, but this cannot be realized in 
an experience which is conditioned by space and time, 
and 1s, therefore, ever incomplete The idea of totality 
18 therefore, an zdeal, which guides and stimulates our 
scientific progress, without which such a thing as science 
could not exist, but which at the same time can never be 
realized by science Lastly, the unity of reason takes a 
third form in which identity and totality are combined,— 
as the idea of a unity m which all differences, even the 
ditference of subject and object, are tianscended,—the idea 
of a unity of all thmgs with each other and with the mmd 
that knows them This idea also 1s one which science can 
neither surrender nor realize It cannot surrender it 
without giving up that striving after umty without which 
science would not exist, and it cannot realize it, for the 
diffrence between the world as it 1s presented to us in 
actual experience and the subjective determmation of 
our thinking consciousness cannot be overcome We can, 
indeed, use the idea that the world 1s an organic whole, 
determined in relation to an end which consciousness sets 
for itself, as an Aeurrstic principle to guide us in following 
the connexion of things with each other , but, as we cannot 
by means of any such idea anticipate what the facts of 
external experience will be, so we cannot prove that for a 
mind other than ours the unity of things which we repre 
sent in this way might not take a quite different aspect 
Indeed we have reason to think 1t would, for, while we 
always think of a designing mind as using materials which 
have an existence and nature independent of the purposes 
to which they are put, the absolute mind must be conceived 
as creating the materials themselves by the same act 
whereby they are determined to an cnd We must con 
ceive it, in short, as an intuitive understanding for which 
end and means, objective and subjective, are one, or, in 
other words, as an intelligence whose consciousness of 
itself 1s or contais the existence of all that 1s object 
for it 

This new view of the things in themselves as nowmena 
or ideals of reason involves a new attitude of thought 
towards them different from that dogmatic attitude which 
13 provisionally adopted in the An dytue Accordingly, we 
now find Kant speaking of them, not as things which exist 
independently of their beimg conceived, but as “prob 
lematical conceptions’ of which we cannot even determine 
whether they correspond to any objects at all They are 
‘‘limitative’ notions which have a negative value, in so far 
as they keep open a vacant space beyond experience, but 
do not enable us to fill that space with any positive realities 
They are like dark lanterns which cast light upon the 
empirical world, and show what are its boundaries, but 
leave their own nature in obscurity All that we can say 
of the noumenal self or subject 1s that 1t corresponds to the 
unity implied in all knowledge, but whether there 1s such 
a self, independent of the process of empirical synthesis 
and the self consciousness which accompanies that process, 
wecannot tell All that we can say of the noumenal reality 


of the objective world 1s that it corresponds to the idea | 


of the objects of experience as a completed whole in them 
selves apart from the process whereby we know them, but 
whether there 1s any such real world independent of the 
process of experience 1t 18 umpossible to say Lastly, all 
that we can say of God 1s that He corresponds to the idea 
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of the unity of all things with the mind that knows them,— 
an ideal which 1s involved in all knowledge,—but whether 
the realization of this idea in an intuitive understanding 
1s even possible we have no means of determining, how 
ever we may suspect that understanding and sensibility are 
“branches springing from the same unknown root” The 
Critucism of Pure Reason ends, therefore, im a kind of 
seesaw between two forms of consciousness—a thinking 
consciousness, which transcends experience and sets before 
us an idea of absolute reality, but which cannot attam 
to any knowledge or even certitude of any object 
corresponding to this idea, and an empinical conscious 
ness, which gives us true knowledge of 1ts objects, but 
whose objects are determmed as merely phenomenal and 
not absolutely real 

The equipoise thus maintamed between the empincal 
and the intelligible world 1s, however, in the Croteque of 
Practucal Reason, overbalanged in favour of the latter 
What the theoretical reason could not do “in that 16 was 
weak through the flesh,” thiough its dependence on the 
very empirical consciousness which it sought to transcend, 
18 possible to the practical reason, because it 1s primarily 
determined by itself In our moral consciousness we find 
ourselves under a law which calls upon us to act as beings 
who are absolutely self determined or free, and which, 
therefore, asses us that our intelligible self 1s our real self, 
and conclusively determines our empirical self in contrast 
with it as phenomenal Thus the moral law gives reality 
to the intelligible world, or, as Kant expresses it, “the 
idea of an intelligible would 1s a pomt of view beyond the 
phenomenal which the reason sees itself compelled to take 
up, m order to think of itself as practical In other 
words, the moral law presupposes freedom or determinations 
in the rational bemg as such, and makes him regard him 
self, not merely as a link in the chain of conditioned 
existences n time and space, but as the original source 
of his own life The blank space beyond the phenomenal 
thus begins to be filled up by the idea of a free causality 
which again postulates a world adequate and conform 
able to itself And the man who, as an empiric individu 
ality, 1s obliged to regard himself merely as an individual 
being determined by other individual beings and things 
1s authorized as a moral bemg to treat this apparent 
necessity as having its reality m freedom, and to looh upon 
himself as the denizen of a spiritual world where nothing 
1s determined for him from without which 1s not simply 
the expression of his own self determination from within 
“Thus we have found, what Aristotle could not find, a 
fixed point on which reason can set its lever, not in any 
present or future world, but in its own immer idea of 
freedom,—a point fixed for 1t by the ummovable moral 
law, as a secure basis from which it can move the human 
will, even agaist the opposition of all the powers of 
nature 1 Starting from this idea of freedom, therefore, 
Kant proceeds to reconstruct for fash the unseen world, 
which in the C'ritrque of Pure Reason he had denied as an 
object of knowledge Nor 1s he content to leave the 
two worlds in sharp antithesis to each other, but even in 
the Critique of Practwcal Reason, and still more in the 
Critique of Judgment, he brings them into relation to each 
other, and so gives to theoretical reason a kind of 
authority to use for the explanation of the phenomenal 
world those ideas which of itself 1t might be inclined to 
regard as illusive 

In all this, however, 1t 1s difficult to avoid seeing a 


' partial retractation of Kant’s first viewas to the irreconcilable 


opposition of the phenomenal and the noumenal For, in 
the first place, the moral imperative 1s addressed to « self 
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which 18 at one and the same time regarded in both 
characters, and which 1s called upon to subsume under the 
moral law acts which otherwise derive ther character and 
meaning from the relations of the phenomenal world That 
the particular nature of men as phenomenal individuals 
can be the means of realizing the universal law of reason 1s 
implied 1n all Kant’s statements of the latter, and particu 
larly in his conception of men as constitutimg together a 
“kingdom of ends”, for it 18 difficult to conceive this 
kingdom otherwise than as an organic unity of society, in 
which each individual, by reason of his special tendencies 
and capacities, has a definite office to fulfil in realizing 
the universal principle that binds all the members of the 
kingdom to each other The summum bonwm, again, 18 
said to consist in the union of happiness with goodness, 
+¢, of the empirical conditions of mans individual life as 
a sensible subject with the pure self determimation of the 
intelligible self, and God js postulated as a Deus ex 
machina to bind together these two unrelated elements,— 
a conception which shows the difficulty into which Kant 
has brought himself by definmg them as unrelated Still 
more obvious 1s the effort of Kant to get beyond the 
dualism of his first view of things in the Critique of 
Judgment For in that work he maintains that the con 
sciousness of the beautiful and the sublime 1s or involves 
@ harmony of the understanding or the reason with sense , 
and, what is still more important, he points out that the 
idea of organic unity, without which we cannot explain the 
phenomena of life, contains in 1t a possibility of the recon 
ciliation of freedom and necessity, of the intelligible and the 
phenomenal This idea, he argues, we are authorized by 
our moral consciousness to apply to the whole course of the 
things in the phenomenal world, and so to regard it as a 
process to realize the moral ideal No doubt he again 
partially retracts this view when he declares that we must 
treat the idea of final causality as merely a suljectwe 
principle of yudgment, which, even in the case of living 
beings, 1s to be regarded only as necessary for us as finite 
intelligences But such saving clauses, in which Kant 
recurs to the dualism with which he started, cannot hide 
from us how near he has come to the renunciation of 1t 
When we regard Kant in this way as asserting from one 
pomt of view an absolute limit which from another pomt 
of view he permits us to transcend, 1t becomes obvious 
that his philosophy 1s mm an unstable equlbnum, which 
cannot but be disturbed by any one who attempts to 
develop or even to restate his ideas Hence we need not 
wonder that those who take im earnest his denunciations 
of any attempt to transcend experience generally,—lke 
Professor Huxley,—reyect as worthless all Kant s later work , 
and that, on the other side, those who take in earnest his 
ideas of freedom, of organic unity, of an intuitive under 


standing, and of a summum bonum in which freedom and | 


necessity meet together, are compelled to break through 
the arbitrary line which he drew between knowledge 
and belief In favour of the former course it 18 easy in 
many places to appeal to the letter of Kant In favour of 
the latter 1t need only be pointed out that, in Kants view, 
all experience rests upon, or 1s in its development guided 
by, those ideas which yet he will not permit us to treat as 
sources of knowledge Hence the principles of the Critique 
cannot legitimately be used against metaphysic, except 
by those who are pre to admit the ideas of reason, up 
to the point to which he admits them, as ideas that lurit 
tnd direct our experience,—while rejecting all use of them 
to cast light upon that which is beyond experience In 
other words, they must maintain the possibility of « purely 
negative knowledge, of the knowledge of a limit by one 
who yet cannot go beyond it They must show how we 
can have an Weal of knowledge which enables us to criticize 
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experience without enabling us to transform it, they must 
show how ideas of the supersensible can so far be present 
to our thought as to make visible the boundanes of the 
prison of sense i which we are confined, without in any 
way enabling us to escape from 1t 

Is this possible? We may gather up the Kantian 
antithesis 1n the assertion that experience is the imperfect 
realization of an ideal of knowledge, derived from reason, 
with materials, derived from sense and understanding, the 
nature of which is such that they can never be brought 
into correspondence with the ideal But this :deal, in all its 
three forms, as we have seen, 1s simply the idea of a pure 
unity or identity in which all differences are lost or 
dissolved—-whether they be the differences of the inner or 
of the outer life, or finally the difference of inner and 
outer, subjective and objective, from each other Kant’s 
view therefore is, in effect, this, that thought carnes 
with 1t the consciousness of an identity or unity, to which 
our actual experience in none of 1ts forms fully corresponds 
On the other hand, Kant does not hesitate equally to con 
demn the identity of thought as “empty’ and subjective, 
because 1t does not contain in itself nor can evolve from 
itself the complex matter of experience But this 
alternate condemnation of experience as unreal from the 
point of view of the ideas, and of the ideas as unreal from 
the pomt of view of experience, seems to show that both are 
unreal, as being abstract elements, which have no value save 
in their relation to each other, and which lose all their mean 
ing when separated from the unity to which they belong 
According to this view, ideas and experience, noumena 
and phenomena, if they are opposed, are also necessarily 
related to each other If our empirical consciousness of 
the world of objects in space and time, as determined by 
the categories, does not correspond to the unity or identity 
of thought which 1s our ideal of knowledge, yet that idea 
of unity or identity 1s set up by thought in relatron to 
experience, and cannot, therefore, be essentially irrecon 
cilable with 1t The two terms may be opposed, but their 
opposition cannot be absolute, seeing that they are in 
essential relation to each other It 1s a great logical error 
not to discern that a negative relation 1s still a relation, 
t¢, that 1t has a positive unity beyond it This positive 
unity may not, mdeed, be consciously present to us in 
our immediate apprehension of the relation im question, 
but 1t 18 necessarily imphed init Now it 1s just because, 
1n his separation of noumena and phenomena, kant omits 
to note their essential relativity that he 1s forced to regard 
the former as a set of abstract identities of which nothing 
can be known, and the latter as the imperfect products of 
a@ synthesis which can never be completed or brought to a 
true unity ‘et the value of his whole treatment of the 
ideas of reason in relation to our mtellectual and moral 
experience arises from the fact that in practice he does 
not hold to this abstract separation of the two elements 
Ideas absolutely incommensurable with experience could 
neither stimulate nor guide our empirical synthesis they 
could not even be brought into any connexion with it 
When, therefore, hant brings them into this connexion, he 
necessarily alters their meaning Hence the pure abstract 
identity which excludes all difference 1s changed, in 1ts 
application, into the idea of an organic unity of which the 
Inghest type 1s found im self consciousness, with its trans 
parent difference of the subjective and objective self It 
would be absurd and meaningless to say that science seeks to 
reduce experience to an abstract identity, in which there 1s 
no difference, unless for this were tacitly substituted what 
18 really an entirely different proposition, that science seeks 
to find im the infinitely diversified world of space and time 
that unity in difference ot which self-consciousness has m 
itself the pattern It1s m reference to the former kind 
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of identity—the abstract oneness of formal logic—that 
Kant proves that it 1s impossible for experience to be 
made adequate toideas But it 1s only of the latter kind 
of identity—the oneness of self consciousness—that 1t can 
be said that it furnishes a guiding principle to scientific 
investigation or an ideal of knowledge The same con 
fusion 1s still more evident in Kants account of our moral 
experience, in dealing with which he directly attempts to 
get synthetic propositions out of the pure identity of 
reason, 1n other words, to draw definite moral laws out 
of the logical prmeiple of non contradiction Whatever 
success he attains is gained by substituting for the formal 
principle of self conststency the positive idea of consistency 
with the self, and again by conceiving this self as a concrete 
individual, the member of a society, and so standing in 
essential relation to other selves The pure abstraction 
from all the external results of action and from all motives 
of desire, which at the beginning of the Metaphyste of 
Ethics Kant declares to be essential to moraiity, 1s modified 
and indeed transformed, as we go on, by the admissions 
that other rational bemgs are not external to us in any 
sense that excludes their good from being an end of our 
endeavour, and that the desires are not irrational and 
immoral except in so far as they are directed to the 
pleasures of the sensuous imdividual (which in a conscious 
being they never entirely are) Both im the speculative 
and in the practical sphere, therefore, the absolute opposi 
tion of the ideal or noumenal to the empirical disappears, 
as soon as Kant attempts to apply it For im both the 
abstract. identity of formal logic, which 18 really the 
meaning of the noumenon as absolutely opposed to and 
incommensurable with experience, gives way to the unity 
of self consciousness,—a unity which 1s so far from bemg 
absolutely opposed to the difference of the empirical 
consciousness that it necessaiily implies it For self 
consclousness presupposes the consciousness of objects, 
thouzh 1t 1s opposed to that consciousness, 1t 18 essentially 
correlated with 1t, and therefore its opposition cannot be 
regarded as absolute or incapable of bemg transcended 
These considcrations miy throw some light on the 
relation of the Anuytu and Diilectic of kant, and on the 
nature of the opposition of noumenon and phenomenon 
as it 18 presented in the latter In the deduction of the 
categories, Kant pointed out the essential relation of the 
objective world of expericnce to what he called the 
“transcendental unity of apperception 12¢, he pointed 
out that the umity of consciousness 1s implied in all its 
objects This unity, he further showed, must be conccived 
as “capable of self consciousness , but it actually Lecomes 
conscious of self only in relation, though also im opposi 
tion, to the other objects determined by 1t Now 1t 1s this 
consciousness of itself 1n opposition to other objects which 
1s the source of Kant» “ideas of reason, of the dissatisfac 
tion of the mind with its empirical knowledge, even 1n its 
scientific form, and of the demand for a higher kind of know 
ledge to which experience 1s not adequate That a standard 
is set up for experience by which 1t 1s condemned is simply 
a result of the further development of that unity which 1s 
umplied in experience—a result of the progress of thought 


from consciousness to self consciousness, and of the contrast , 


between the former and the latter The problem with 
which Kant s Dvalectee attempts to deal, and which 1t treats 
as insoluble, 1s, therefore, simply the problem of ratsinq con- 
scrousness to the form of self consciousness 1n other words, of 
attaiming to a knowledge of the world of experience as not 
merely a “synthetic,” and therefore imperfect, unity of things 
external to each other, but as an organic unity of transparent 
differences, a self differentiating, self integrating unity, such 
as seems to be presented to us in pure self consciousness 
Nor can this problem be regarded as insoluble, for the 
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unity of self consciousness 1s identical with the unity of 
consciousness , it 1s only that unity become self-conscious, 
Hence the point of view at which consciousness and self- 
consciousness seem to be absolutely opposed to each other,— 
the highest point of view which Kant dtstenctly reaches,— 
can be regarded only as a stage of transition from the point 
at which their relative difference and opposition 1s not yet 
developed to the point at which they are seen to be the 
factors or elements of a still higher unity 

The later philosophy of Germany, from Kant to Hegel, 
is little more than the development of the idea just stated 
in its twofold aspect In the first place, 1t 18 an attempt 
to show what 1s involved in the idea of thought or self 
consciousness as in itself an organic whole, a many in one, 
& unity which exprésses itself in difference, yet so that the 
difference remains transparent, and therefore 1s immediately 
recognized as expression of the unity In the second 
place, 1t 1s an attempt to bridge over the difference between 
thought or self consciousness and the external world of 
experience, and to show that this opposition also 1s 
subordinated toa higher unity Or, to put it more directly, 
the idealistic philosophy of Germany seeks, on the one 
hand, to develop a logic or metaphysic which bases itself, 
not, like formal logic, on the idea of bare identity, but on 
the idea of self consciousness, and, on the other hand, to 
show, 1n a philosophy of nature and spint, how, by means 
of this logic, the opposition of thought to its object, or 
of the a priori to the a posterior: in knowledge, may be 
transcended In the third and fourth sections of this 
article something more will be said of the manner 10 
which this task was fulfilled Here only a few words are 
necessary to sum up the results reached, and to give more 
distinctness to the new ideal of knowledge which those, 
results suggest We have seen that Kants critical attitude 
involved two things —on the one hand, the assertion that 
the existence we know is necessarily existence for thought, 
and, on the other hand, the denial that that which exists 
for our thought 1s absolute reality, a demal which again 
involves the presence to our thought of an ideal of know 
ledge, by which our actual knowledge is condemned 
This ideal, however, wa» falsely conceived by Kant as an 
identity without any difference, and, in this sense, he does 
not hesitate to apply 1t even to self consciousness itself 
For, in a remarkable passage,! he attempts to prove that 
the consciousness of self is not a knowledge of the self, by 
a simple reference to the duality of the self knowing and 
the self known, arguing that the ego “stands in its own 
way, Just because it exists only for stself, +e, because in 
knowing itself it presupposes itself Kant evidently thinks 
that to know the real self 1t would be necessary to apprehend 
it m simple identity as purely an object without reference 
to a subject, or purely a subject without reference to an 
object Yet to this 1t seems sufficient to answer that such 
an object or subject would lose 1ts character as object or 
subject and become equivalent to mere being in general, 
and that, as such being 1s a mere abstraction, to know 1t 
cannot be the ideal of knowledge If therefoie there be a 
unity or identity of thought which 1s not realized in ex 
perience, and in reference to which we can regard experience 
as an imperfect form of knowledge, 1t cannot be found in 
this abstract identity of being In truth, as we have seen, 1t 
1s found in that very idea ot self consciousness which Kant 
iseriticizing Just because we are self conscious, and there- 
fore oppose the unity of the conscious self to the manifold- 
ness of the world in space and time, do we seek im the 
world of space and time for a transparent unity which w) 
cannot at first find there But, when this 1s seen, we find 
ia Kant himself the partial solution of the difficulty, 
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Self-consciousness presupposes consciousness , for, while the 
apprehension of objects mm consciousness 1s possible only 
in relation to the unity of the self, yet it 1s only in 
relation to and distinction from these objects that we are 
conscious of that unity Hence the two opposites, self 
and not self, are bound together, and presuppose a unity 
which reveals itself in their opposition, and which, when 
made explicit, must reconcile them If, therefore, self 
consciousness, in its first opposition to consciousness, gives 
rise to an ideal of knowledge to which our empirical 
knowledge of objects 1s inadequate, this arises from the 
fact that not only empirical knowledge but also the ideal 
to which it 1s opposed is imperfect, or that they both 
pot to a unity which 1s manifested in their difference, 
and which 1s capable of contaming and resolving 1t In 
other words, the opposition of science to 1ts ideal, which 
Kant has stated in his Antenomtes, 1s not an absolute 
opposition, but one the origin and end of which can be 
seen 

This opposition reaches its highest pomt in the con 
trast between the transparent unity of self consciousness, 
m which the difference of knower and known 1s evanescent, 
and the essential manifoldness and self externality of the 
world in space, in which the differences seem to be insoluble 
We must, indeed, think of self consciousness as having life 
in itself and therefore as differentiating itself from itself , 
but this differentiation 1s held within the limit of its unity, 
1t 18 a separation of movements which are separated only as 
they are united On the other hand, the world im space 
presents itself as the sphere of external determination, in 
which things are primarily disunited and act only as they 
are acted on from without, and m which this external 
ijfluence never goes so far as to destroy their reciprocal 
externality In this sense it 1s that the opposition of mind 
and matter was taken by Descartes, and it 1s a survival of 
the same mode of thought that leads many even now to 
draw absolute lines of division between a prioit and a 
posterior, between ideas and facts, between spiritual and 
natural Kant and Hichte give a new aspect to the 
difficulty by showmg that the difficulty 1s one of recon 
ciling consciousness and self consciousness, and that in 
consciousness there 1s already present the unity which 1s 
mantifesved in self consciousness, as, on the other hand 1t 
1s only through consciousness and in opposition to 1t that 
self consciousness 1s possible And Fichte made a further 
step when he attempted to show that the categories and the 
forms of perception, time and space, which Kant had taken 
as inexplicable facts, are implied in this contrast of con 
sclousness and self consciousness The error that clings to 
Fichtes speculations 1s, however, that he treats conscious 
ness merely as a necessary llusion which exists simply 
with a view to self consciousness, and hence 1s led to regard 
self consciousness itself—because it is essentially related 
to this necessary ulusion—as a schema or image of an 
unknowable absolute In fact, in the end Fichte falls 
back upon the abstract identity in which Kant had found 
his noumenon, and so ends his philosophy with mysticism 
Even Schelling, though he saw that the absolute unity 
must be one that transcends the difference of self and not 
self, did not finally escape the tendency to merge all 
difference in absolute oneness On the other hand, *t was 
the endeavour of Hegel to proceed in the opposite way,— 
not to lose self-consciousness or subjectivity in a mere 
unity of substance, but rather to show that the absolute 
substance can be truly defined only as a self conscious 
subject And just because he did this he was prepared 
to take a further step, and to regard the external world, 
not as Fichte regarded it, as merely the opposite of spint, 
nor as Schelling regarded it, as merely the repetition and 
co-equal of spirx, but rather as its necessary manifestation 
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or as that in and through which alone it can realize itself 
His doctrine therefore might be summed up 1n two proposi 
tions,—fiist, that the absolute substance 1s spiritual or self 
conscious, and, secondly, that the absolute subject or spirit 
can be conceived as realizing itself only through that very 
world of externality which at first appears as its opposite 
In both respects Hegels philosophy reverses the ma nega 
twa of mysticism, and teaches that it 1s only through the 
exhaustion of difference that the unity of science, of which 
the mind contains in itself the certitude, 1s to be realized 
For mind or spirit, viewed 1m itself, 1s conceived as a self 
differentiating unity, a unity which exists only through 
opposition of itself to itself And it 1s but a necessary 
result of such a conception that spirit can fully realize its 
unity only through a world which in the first mstance 
must presont itself as the extreme opposite of spint 
Hence the process of thought 1n itself, which 13 exhibited 
in the logic, ends 1n the opposition to thought of a world 
which 1s its negative counterpart And the “absolute 
spirit of Hegel is thus, not pure self consciousness, but 
that more concrete unity of self consciousness with itself 
which 1t attaims through and by means of this world 

The effect of this view upon the relation of metaphysic to 
science, which we are at present considering, 1s noticeable 
It does not, as 1s often supposed, supersede science by an 
a@ proort construction of the universe, nor does 1t leave the 
results of science unchanged and simply provide for it a 
deeper foundation The latter was the point at which 
Kant and Tichte stopped for, while they showed the 
relativity of experience to the principle of self consciousness, 
they conceived that the function of metaphysic 1s completed 
in showing the phenomenal character of the objects of 
science, and in reserving a free space beyond the phe 
nomenal world for ‘ God, freedom, and immortality ” 
Schelling, on the other hand, as he did not adopt this 
merely negative view of the relation of spirit to nature or 
of a prior to empirical truth, was obliged to reimtery ret 
the latter by the f rmer As, however, he did not recog 
nize any distinctions which were not merely quantitative, 
he was led to apply the same easy hey to every lock, and 
to think that he had explamed all the different forms of 
existence, organic and inorganic, vhen he had merely 
pointed out a certain analogy between them The meta 
physic of Hegel, whatever may be said of the actual 
philosophy of nature produced by its author, contaims no 
necessity for any such arbitrary procedure In his Logie, 
indeed, he attempts to zive us a adstracto the movement 
of thought im itself, from its simplest determmation of 
being as qualitative or quantitative, through the reflective 
categories of substance and cause, up to its full conscious 
ness of itself in its orgamic unity} And im so doing he of 
course gives us an account of the various categories which 
science uses in the imterpretation of nature He further 
attempts to show that the highest categories of science are 
mn themselves imperfect and self contradictory,—in other 
words, that they mark a stage of thought which falls 
short of that unity of bemg and knowing after which 
science 1s striving, and which 1s the presupposition as 
well as the goal of all intelligence But, while he does 
this, he clearly acknowledges two things,—on the one 
hand that nature is essentially different from pure self 
consciousness, and that therefore logic can never by 
direct evolution of its categories anticipate the mvestiga 
tions of science, and, in the second place, that the final 
interpretation of nature through the highest categories 
presupposes its interpretation by tne lower categories, and 
cannot be directly achieved without 1t In other words, 
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science must first determine the laws of nature according 
to the principles of causality and reciprocity, ere philosophy 
can be in @ position to discover the ultimate meaning of 
nature by the aid of higher principles “The philosophy 
of nature,” says Hegel, “takes up the material which 
physical science by direct dealing with experience has 
prepared for it at the pot to which science has brought 
it, and again transforms this formed matenal without 
gomg back to experience to verify it Science must, 
therefore, work into the hands of philosophy, in order that 
philosophy in its turn may translate the lower universality 
of the understanding realized by science into the higher 
universality of reason, and may show how in the light of 
ths higher universality the intelligible world takes the 
aspect of a whole which has its necessity in itself Tho 
philosophic way of looking at things is not a capricious 
attempt, once na way for a change, to walk upon one’s 
head after one has got tired of walking upon ones feet, or 
to transform ones work aday face by painting 1t over, 
but, just because the scientific manner of knowing does not 
satisfy the whole demand of intelligence, philosophy must 
supplement 1t by another manner of knowing 1 

The result then may be bnefly expressed thus Kant 
and his successors showed the relativity of the object of 
knowledge to tha knowmg mind He thus pointed out 
that the ordinary consciousness, and even science, are 
abstract and imperfect modes of knowing, in so far as in 
their determination of objects they take no account of a 
factor which 1s always present, to wit, the knowing subject 
For ther purposes, indeed, this abstraction 1s justifiable 
and necessary, for by 1t they are enabled within their pre 
scribed limits to give a more complete view of these objects 
in their relation to each other than if the attempt had 
been made to regard them also in relation to the knowing 
subject At the same time the scientific result so arrived 
at 1s imperfect and incomplete, and it has to be recon 
sidered in the hght of a philosophy which retracts this 
provisional abstraction Tor it must be remembered that 
the fact that science looks at things only in their relation 
to each other, and not to the knowing mind, narrows the 
points of view or categories under which it 1s able to 
regard them, or, in other words, limits the questions which 
the mind 1s able to put to nature Just because science 
does not treat its objects as essentially related to the mind, 
it 1s unable to rise to what Hegel calls the point of view 
of reason, or of the “notion , ze, it 1s obliged to treat 
objects and their relations merely under a set of categories, 
the highest of which are those of causality and reciprocity, 
and it 18 incapable of attaming to the conception of their 
organic unity In other words, it 1s able to reach only a 
synthetic unity of given differences, and 1t cannot discover a 
principle of unity out of which the differences spring and 
to which they return Now philosophy goes beyond science 
Just because, along with the idea of the relativity of things 
to the mind, 1t brings in the conception of such a unity 
Its highest aim 1s, therefore, not merely, as Kant still 
held, to secure a place for the supersensible beyond the 
region of experience, but to remterpret experience, in the 
hght of a unity which 1s presupposed in it, but which 
cannot be made conscious or explicit until the relation of 
experience to the thinking self 1s seen,—the unity of all 
things with each other and with the mind that knows them 

2 Relation of Metaphysc to Psychology —It has already 
been shown that the doctrine that the thinking subject 1s 
presupposed in all objects of knowledge—or, in other 
words, that existence means existence for a conscious self 
—1s not to be taken in a psychological sense he idea 
that all science 1s based on psychology, and that, therefore, 


1 Hegel, vu p 18 


METAPHYSIC 


metaphysic and psychology are identical, cannot be retained 
by any one who has entered mto the full meanmg of the 
Kantian criticism It 1s, however, so natural a misinter 
pretation of 1t, and 1t 1s so much favoured by the letter of 
the very book in which it was first decisively refuted, 
that 1t will be useful to poimt out more directly the fallacy 
mvolved in 1f, especially as this will place us im a better 
position to determine the true relation of the two parts of 
philosophy thus confounded 

The misunderstanding first took a definite form im the 
mtroduction to Locke’s Essay, n which he proposes to 
provide against any undue application of the intellectual 
powers of man to problems which are too high for them, 
by first examining and measuring the powers themaelves 
Stated im this way, 1t 1s obvious that the proposal 
involves an absurdity, for we have nothing to measure 
with, except the very powers that are to be measured To 
see round our knowledge and find its boundary, we must 
stand outside of 1t, and where 1s such a standing ground to 
be found? We cannot by knowing prescribe hmits to 
knowledge, or, 1f we seem to be able to do so, 1t can only 
be because we compare our actual knowledge with some 
idea of knowiedge which we presuppose In this way the 
ancient sceptics—and modern writers ike Sir W Hamilton 
and Mr Spencer who have followed them—turned the 
duality involved in the idea of knowledge agaist its unity, 
and argued that, because we cannot know the object 
except as different from and related to the subject, we 
cannot know it as it 1s im itself Obviously m this 
argument it 18 involved that in true or absolute knowledge 
the object must not be distinguished at all from the subject, 
—to which the easy answer 1s that without such distinc 
tion knowledge would be impossible The sceptic argy 
ment, therefore, lands us m the unhappy case pictured 
m the German proverb “If water chokes us, what shall 
we drink?’ ‘The object cannot be known if it ts 
distinguished from the subject, and 1t cannot be known 1f 
it 1s not distingmshed from the subject Obviously the 
one objection 1s as good as the other, and both combined 
only show that the idea of knowledge involves distinction 
as Well as unity, and unity as well as distinction The 
sceptic insists on one of these characteristics to the exclusion 
of the other, and condemns our actual knowledge because 
it contais both In Kant there 1s undoubtedly some trace 
of the same fallacy, in so far as the idea by contrast with 
which he condemns the objects of experience as pheno 
menal is the idea of an abstract identity without any 
difference , but we have seen that with him this abstract 
identity 13s on the pomt of passing into an altogether 
different idea—the 1dea of self consciousness as the type of 
knowledge 

It appears, then, that the idea of measuring our powers 
before we employ them rests on a paralogism , for what 1s 
really meant 1s that we abstract one of the elements of the 
idea of knowledge, and then condemn knowledge for having 
other elements in 1t It 18 possible to criticize and con 
demn special conceptions as not conforming to our ide 
of knowledge, but it 1s not possible to criticize the idea 
of knowledge itself , all we can do 1s to explam it It 18 
possible to see the limited and hypothetical character of 
certain of our ideas or explanations of things, because we 
are conscious that in developing them we have left out of 
account certain elements necessary to the whole truth, 
but this criticism itself implies, as the standard to which we 
appeal, a consciousness of truth and reality, a consciousness 
which we cannot further criticize Here, therefore, we, 
come upon what must seem to all who think 1t admissible 
to question the very possibility of knowledge an inevitable 
reasoning ina circle We can answer objections only by 
means of the very idea which they dispute. But the 
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answer 1s nevertheless a good one, for the objector also 
stands within the very circle which he seeks to break, and 
has no means of breaking it except itself As soon as he 
speaks, he can be refuted by his own words , for his doubts 
also presuppose that unity of the mtelligence and the 
intelligible world which he pretends to deny . 

The error, however, cannot be fully corrected until we 
consider what gives it plausibility The confusion of the 
metaphysical with the psychological problem 1s due to the 
fact that the being who 1s the subject of knowledge, for 
whom all exists that does exist, appears to be one, and only 
pne, of the many ohjects of knowledge When we say 
that existence means only an existence for a thinking self, 
we seem to be identifying the whole world with the feelings 
and ideas of men,ze, with certain phenomena that belong 
to the life of a class of bemgs which only forms a pait of 
that world,—phenomena, moreover, that are not exactly 
the same 1n any two of that class of bemgs If we are to 
escape this difficulty it 1s obvious that we must be able to 
separate the conscious self o1 subject, as 1t 1s implied in 
all knowledge, from the nature of man as a being who 
“though formally self conscious’ 1s yet “part of this par 
tial world, 1 ¢, one of the objects which we know along with 
and in distinction from other objects, and in whom “the 
self consciousness which 1s in itself complete, and which 
in 1ts completeness includes the world as its object,’ 1s only 
progressively realized! Metaphysic has to deal with con 
ditions of the knowable, and hence with self-consciousness 
as that unity which 1s implied 1m all that 1s and 1s known 
Psychology has to inquire how this self-consciousness 18 
realized or developed in man, in whom the consciousness 
of self grows with the consciousness of a world in space 
and time, of which he mdividually 1s only a part, and to parts 
of which only he stands in 1mmediate relation In con 
sidering the former question we are considering the sphere 
within which all knowledge and all objects of knowledge are 
contained In considering the latter we are selecting one 
particular object or class of objects within this sphere,— 
although no doubt it must make a great difference in our 
treatment of this object that we have to consider it as 
existing not only for us but for itself If nature “ becomes 
self conscious in man, it 1s impossible to treat man 
merely & one among the other objects of nature But it 
1s not less true that he 2s one of those objects, and, in this 
point of view, the department of science and philosophy 
that deals with his life 1s as distinct from metaphysic— 
which deals with the conditions of all knowing and bemg 
—as is astronomy or physics In both cases we have 
before us objects which we may consider in themselves 
apart from their relations to the conscious subject, and 
in both cases we must take cognizance of these relations if 
we would have a complete and final view of those objects 
It 1s possible to have a purely objective anthropology or 
psychology—which abstracts from the relation of man to 
the mind that knows him—yjust as it 1s possible to have 
purely objective science of nature Such a natural science 
of man, however, will necessarily abstract at the same time 
from the fact that mm man 1s manifested that universal 
principle in relation to which all things are and are known 
In other words, 1¢ will omit that distinctive characteristic of 
man’s being in virtue of which he 1s a subject of knowledge 
and a moral agent Hence the abstraction in this case 1s 
more likely to lead to positive error, more hkely to produce 
not only an umperfect but a distorted view of the object 
Inorganic nature, if we take it tn self, 18 not untruly 
yiewed, under the categories of causality and reciprocity, 
as a collection of objects externally determimed by each 
other , the error hes only in taking it as if it could exist 
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in itself Even organic beings dv not suffer much injustice 
in being brought under such categories, for, though, as 
living and still more as sensitive beings, they involve in 
themselves and in their relation to the world a kind of 
unity of differences to which the categories of external 
relation imperfectly correspond, yet they are not such 
unitics for themselves, but only for us Inother words, the 
principle through which they are and are known 1: still 
external to them Hence also they are determmed by 
outward influences, though these influences act rather as 
stimuli to what we may call the self-determined movement 
of their own life than as mechanical or chemical forces 
which change it But in man, in so far as he 1s self-con 
sclous,—and 1t 1s self consciousness that makes him man, 
—the unity through which all things are and are known 
1s manifested , and therefore he 1» emancipated, or at 
least 18 contmually emancipating himself, froin the law 
of external influence Nature and necessity exist for 
him as that from which his life starts, in relation to which 
he becomes conscious of himself, against which he has 
to assert himself, and m the complete overcoming of 
which hes the end of all his endeavour Nature 1» the 
negative rather than the positive starting point of his 
existence, the presupposition against which he reacts rather 
than that on which he proceeds , and, therefore, to treat him 
simply as a natural being 1s even more imaccurate and 
misleading than to forget or deny his relation to nature 
altogether A true psychology must, however, avoid both 
errors 1t must concet\cman as at once spiritual and natural , 
1t must find a reconcihation ot freedom and nece--t} It 
must face all the difficulties involved in the conception 
of the absolute principle of self-consciousnes»s,—through 
which all things are and are Lnown,—as manifesting itoelf 
m the life of a being like man, who “comes to himself ’ 
only by a long process of development out of the uncon 
sciousness of a merely animal ex1stence 

This problem first presented itself in a distinct form mn 
the discussions of the Socratic school a» to the nature of 
knowledge, discussions which turn mainly upon the relation 
of the conscious to the unconscious element in thought 
Socrates, by his method more than by any direct -tate- 
ment, drew attention to the fact that all particular judg 
ments in morals involve or presuppose & universal principle 
At the same time he poimted out that, so far from this 
universal principle being known to those who are con 
tinually making such judgments, they are not even 
conscious of its eustence They constantly use general 
terms whose meaning the) have never even thought of 
definng The beginninz of a rational hfe for them must 
therefore he in their becoming conecious of their ignorance, 
te, conscious that they have been all along judging, and 
therefore acting, on untested and even unknown assump- 
tions. They must bring the unconscious universal to the 
hight of day and define it, fcr until that 1. done it Is 
impossible to live a moral, that 1.,a 1ational hte ‘ Virtue 
1s knowledge,” 1 ¢, 1t 15 acting, not accordmz to opinions, 
or particular judgments, —w hose universal is unknown and 
which therefore may be regarded as expressing merely the 
impulses or habits of the mdividual,—but in view of 2 
universal principle determined by reason 

The onesidedness of this view—which absolutely con 
demns as vice all virtue that 15 not based on conscious 
pnneciple—was partly corrected by another ,ait of the 
doctrine of Socrates, who taught that hnowledz 15 some 
thing that must be evolved from within the mind and not 
merely communicated to it from without Fon this imphes 
that the moral principle may be present in men» minds, 
and may rule their thoughts and actions, long before 
they become directly conscious of 1t They ave rational 
although they have never thought oe oa and they 
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do not wait for scientific ethics to judge and act morally, 
any more than they wait for logic to reason correctly It 
1s this line of thought which 1s untversalized and mythically 
expressed by Plato in his doctrine of “reminiscence” 
According to this myth, we were conscious of ideas or 
universals in our pre natal state, we forgot them in the 
shock of birth into this mortal life, but mm feeling or 
sharing the rapture of the poet or the lover we recall them 
as identified or confused with individual objects which 
“are like them, o1 partake in them” The same explana 
tion 1s given of the practical skill of the general and the 
statesman, and even of the “ mght opinion ’ which guides 
the ordinary good man Such opinion 1s neither knowledge 
nor ignorance not knowledge, for general principles or 
ideas arc not 1n it present to the mind as ideas, and there 
fore the particular cannot be distinctly subsumed under 
them , yet not ignorance, for the ideas are after all present 
though wrapped up in the particulars or confused with 
them Nay, in the 7hextetus, Plato endeavours to show 
that the pure particular without the universal, sensations 
without ideas, cannot enter into our consciousness at all, 
and that therefore the lowest pomt to which a conscious 
being can descend 1s “opinion, im which particular and 
universal, sensible and intelligible, are mingled together 
In other words, no conscious bemg can apprehend the 
particular except through the universal, though that um 
versal may be present only wm consciousness and not to 
1t The task of philosophy 1s therefore only to make men 
“recollect themselves,” 2¢, to make self conscious that 
universality of thought m which all rational beings 
“partake, or which, in the language of later philosophy, 
constitutes reason The imperfection of Plato’s view lay, 
however, 1n this, that, while he clearly recognized that the 
condition of all consciousness of the particular 1s the 
universal, he did not see with equal clearness that the 
universal has a meaning only in relation to the particular 
And this tendency to separate universal from particular 1s 
naturally accompanied by a tendency to set the subjective 
against the objective, and to regard the world, not as the 
manifestation of reason, but as a dualistic world, in which 
reason 1s chained to a lower principle—a world which 
can at best only give a hint or suggestion to the mind to 
enable it to recollect itself and recover for itself its own 
treasures Thus the false method of introspection, the 
“high priort road of mysticism, was at least opened up 
by Plato, if he did not altogether forsake the narrower 
and harder way to the spiritual world through nature and 
experience 

The great step in advance taken by Aristotle was due to 
his seeing the danger of this tendency Those, however, 
who have maintained that Aristotle 1s the great a postertore 
philosopher,—as Plato 1s the great a pwr philosopher,— 
have entirely mistaken the bearing of Aristotles criticism 
of the Platonic theory As strongly as Plato does Anstotle 
maintain that reason 1s dvvayet zavra Ta voyra, and that, 
therefore, the apprehension of truth by the mind 1s not a 
mere external communication of it to the mind, but rather 
is the mind coming to a consciousness of itself As firmly 
as Plato does he declare that truth in its highest form 1s 
self evidencing, ce, that the principles of science, the laws 
of nature, when once they have been discovered, are seen 
to be true by their own light His statements to this 
effect have been neglected or explained away, because 
they were supposed to be inconsistent with his still more 
frequently reiterated assertions that it is only from 
experience and by induction that the truth of things can 
be discovered Writers of a later day,—who came to 
Anstotle with an idea of a fixed opposition between a 
priori and a posterior, and who held that the only possible 
alte:natives were ewher to divide knowledge between the 
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two or to explain away one of them,—could not comprehend 
that Anstotle might be m earnest both im asserting that 
knowledge 1s derived from experience and in asserting that 
it 1s an apprehension by reason of that which 18 identical 
with itself and needs no extraneous evidence But 
Aristotle started with no such fixed opposition On the 
contrary, any one who reads the last chapter of the 
Postervor Analytics will see that he had no difficulty in 
maintaming that knowledge begins in the apprehension of 
70 xa’ éxacroy in sense perception, and that 1t proceeds 
from many perceptions to experience, and from many 
experiences to science , while at the same time he declared 
that the principles of science have their evidence in them- 
selves And the meaning of this declaration 1s shown in 
the De Anuma, where we find him speaking of knowledge as 
the realization 1n the “‘ passive reason ” of man of an “active 
reason” which 1s eternal and unchangeable, and which in 
the consciousness of itse}f mncludes the knowledge of all 
things Of this realization, mdeed, there 1s in man only 
the potentiality or capacity, but just because this 1s a pure 
or universal capacity, because, as Aristotle puts it, it has no 
quality or determination of 1ts own to stand between 1t and 
its objects, 1t 18 & capacity in which the absolute reason can 
realize itself, a capacity of knowing all thmgs Here we 
have Plato’s myth of reminiscence freed from the metaphor 
of memory, and reduced to scientific terms, for that myth 
simply meant that the evolution of knowledge 1s the 
development of the mind to the consciousness of itself, and 
of all that 1s potentially mit Only, by the combination 
of this doctrine with the idea of the necessity of duction, 
Anstotle at the same time guards against the purely 
subjective interpretation to which in Plato 1t was hable. 
For the process by which the mind “comes to itself”, 1s 
conceived as a process by which at the same time if mses 
from the particular to the universal, from the yvopypa 
npiv to the yrapina dihas, from the bare apprehension of 
the facts of experience to the knowledge of them through 
their principles or laws 

Yet Aristotle was as little able as Plato to work out fully 
a theory of the relation between the universal and the 
individual reason, and the cause of this failure was in 
both cases substantially the same In Plato’s philosophy, 
the ideal tended to divorce itself from the phenomenal 
world in such wise that the latter was regarded only as 
suggesting or partaking in the former, but not as entirely 
eaplicable by1t It was not merely that, to the mind of the 
individual in 1ts progress, the veil was only gradually lifted 
from the rationality of the world, but that m the world 
there was an urational element from which the mind 
could save itself only by flight into the region of abstrac 
tion And, though Anstotle by his doctrine of the essential 
relation of ideas to experience, or of the development of 
the mind to the acquisition of knowledge of the world, 
seemed to be on the way to correct this error, yet he too 
shrinks from regarding the phenomenal world as in itself 
intelligible To him also an irrational matter mingles with 
things, and 1s in them a source of contingency and imper- 
fection Chance1s not merely the reflexion upon the world 
of our imperfect knowledge, but a fact of experience, and 
there 1s therefore a region in which our best science cannot 
rise above generality to universahty In this way there 
remains for Aristotle an absolute a postervort, a reality which 
cannot be understood, and which we can scarcely conceive 
as exsting at all for the divine intelligence At this point 
the Anstotelian philosophy appears to stand between two 
alternatives, either that, in the sense of pantheism, the fimte 
world and its contingency 18 an illusion, or that 1t 18 con- 
tingent only for the growing intelligence of man, which 
fully understands neither itself nor the world which 1s its 
object Anstotle, however, does not choése either horn of 
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the dilemma, and leaves us therefore with an unresolved 
dualism between thought and its object, and this again 
necessarily involves a dualism between the active reason, 
which, as he asserts, realizes itself in man, and the passive 
reason which constitutes his nature as a finite bein 

In the Middle Ages the Platonic and Aristotelian idea 
that the apprehension of objective truth 1s one with the 
evolution of the mind to self consciousness seemed to be 
entirely lost Knowledge of the finite world was regarded 
as indifferent, and knowledge of the infinite was conceived 
to be something given on authority, and im reference to 
which the mind was confined to an attitude of passive 
reception or implicit faith No greater slavery of the 
spirit can be conceived than that m which even the 
truths of religion and morality—the truths that regard the 
inmost life of the spirit itselfi—were taken as a lesson 
to be learned by rote from the lips of a teacher Yet 
the consciousness that such truth, if 1t was to be received 
by the mind, still more if 1t was to transform the mind 
could not be entirely foreign to it, found a voice in the 
scholastic philosophy And the compromise or truce 
between faith and reason expressed in the saying of Anselm 
credo ut wntellygam,—according to which reason was to 
confine itself to the analysis and demonstration of the data 
received in implicit faith from the church,—prepared the 
way for the recognition that the two are not essentially 
at variance The mind that proceeds from venerati to 
delectatvo, from awe and submission to the doctrine to 
enjoyment and appreciation of 1t, must already in 1ts awe 
and submission have the beginnings of an intelligent 
appreciation Anselm s saying might be understood simply 
as meaning that we must have spiritual experience ere 
we can understand the things of the spimt And im this 
sense 1t was adopted by the Reformers to express an idea 
almost the opposite of that with which the scholastics 
had associated it,—the idea that the direct apprehension of 
spiritual truth as entering into the nner life of the subject, 
as identified with his very consciousness of self, 1s the basis 
of all knowledge of 1t In the Protestant church of the 
period after the Reformation, we find a growing tendency 
to insist on the subjectivity of religion, in the same exclusive 
and one sided way 12 which the medieval church had 
insisted on its objectivity In some extreme representa 
tives of Protestantism this went so far as to lead to a 
disregard, almost to a rejection, of all objective doctrine, 
and a reduction of theology to an account of the religious 
consciousness On theother hand, while religion was thus 
made subjective, science claimed to be purely objective, 
and the followers of Bacon seemed to adopt towards nature 
the same attitude of passive receptivity which the medieval 
Christian was taught to hold towards the church While 
man was to learn everything from himself in religion, he 
was to learn nothing from himself in science His aim 
must be to exclude subjective sdola, m other words, to 
accept the facts as they were given, and keep himself out of 
the way The mevitable result of this difference of view 
as to the nature of knowledge in these two different 
regions was, however, on the one hand a withdrawal of 
religion from all connexion with finite interests, and, 
especially from the attempt to connect religious principles 
with the knowledge of the finite world, and, on the other 
hand, an increasing tendency in those who 1epresented 
finite science to regard religion as something merely 
subjective and even individual, as a feeling which could 
not be translated into thought or made the basis of any 
knowledge of the objective world 

The opposite principles of certitude which were thus 
set up for religious truth and truth of science need only 
to be brought together and contrasted to betray that they 
vest upon opposite abstractions, neither of which expresses 
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the complete nature of truth or knowledge On thc one 
hand the truths of religion were maintained just because 
they were not, or were not merely, objective, but were 
capable of being tested by inner experience, and identified 
with the self consciousness of the individual On the other 
hand the truths of science were maintained because they 
were not, or were not merely, subjective, but were capable 
of being verified in objective experience It was nghtly 
scon on the one side that mere subjective feelings or 
opimions have no validity for any one but the subject of 
them, and on the other side that what 1s merely objective 
or externally given can have permanent value and interest 
for the intelligence only as it ceases to be mere isolated 
and unrelated fact—-nay, that, even when science has 
discovered law and order im nature, it still wants the 
highest value and interest so long as that law and order are 
not seen as standing 1n essential relation to the intelligence 
itself The idea of truth or knowledge as that which 1s at 
once objective and subjective, as the unity of things with the 
mind that knows them, enables us to understand the con 
demnation which the religious mind passed upon a merely 
external dogma, and even its lack of interest in a science 
which presented itself as an account of merely objective or 
external facts And it enables us also to understand the 
way in which scientific men isisted upon olyective fact 
as the basis of all knowledge, and the dicruspect which 
they felt for a religion which seemed to admit that 1t had 
nosuch support What 1s wanted to clear up the confusion 
on both sides 1s the growth of the perception among 
scientific men that the objectivity which they are seeking 
cannot be mere objectivity (which would be unmeaning), 
but an objectivity that stands in essential relation to the 
intelligence, and, on the other hand, the growth of the 
perception among religious men that the subjectivity of 
religion only means that God, who1s the objective principle 
by whom things are, and are known, 13 spiritual, and can 
therefore be revealed to the spirit When these two cor 
rections have been made, 1t must become obvious that the 
religious consciousness 1s not the consciousness of another 
object than that which 1s present in finite experience and 
science, but simply a higher way of knowing the same 
object And in this it 1s also involved that the two ideas 
of a priors and a posteriort, of that which 1s evolved from 
within and that which 1s given from without, are not 
essentially opposed to each other, but that the a posteriors 
is simply the first form of a consciousness which in its 
ultimate development must become a prior 

In that philosophy of compromise which was initiated 
by Descartes, one part of knowledge was regarded as innate, 
or developed from within, and another part as empirical, 
or imparted from without In the second penod of the 
history of modern philosophy this compromise was broken, 
and the names of Locke and Leibnitz—though with some 
hesitation on both sides—represent respectively the theories 
that all knowledge 1s a postertort and that all knowledge 
isa prior The compromise seemed to be renewed with 
Kant, but the form in which it was renewed pointed, as 
has been already shown, to something more than a com 
promise, for his doctrine was that the a posterior: element, 
the facts, exist for us only under a priors conditions, or, 
in other words, that what 1s usually called a po terior 
sin part a pron The criticism of this view need not 
be repeated It 1s sufhcient here to say that if a» Kant 
shows, the elements are inseparable or organically united, 
it is impossible to allege that so much belongs to the one 
and so much tothe other Furthermore, the consciousness 
of an essential difference in the elements of knowledge 1s 
possible only so far as that difference 1s trinscended by the 
unity of knowledge We can distinguish the a prion from 
the a posterrort only on condition that we can transcend 
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the distinction, and this means that the distinction itself 
is not absolute, but that there 1s a pomt of view from 
which the @ posterior. may be regarded as a prior, and 
that which 1s given from without to the spirit may be 
refurred to its own self determined development 

Now it 1s just here that we come upon the turning point 
of the philosophical controversy, in the form which it has 
taken in modein times The problem may be expressed 
thus—In what sense can we apply the idea of development 
to the human spint? Are we to treat that development 
as mercly a determination from without, or as an evolution 
from within, or as partly the one and partly the other? 
In a sense all writers of the present day would adnut that 
this last 1» the case Tor, on the one hand, even the 
Darwinian theory accounts for development by aid of 
what we may call the a prio tendency of the individual 
to maintain itself in the struggle for existence, though it 
supposes that thc condition o: medium. in which the indi 
vidual 19 placed determines the duection in which that 
development procecds And on the otha hand, no one 
now would adopt the Lebuitzian theory that the indi 
vidual 1s a monad, whose self development 1s entirely con 
ditioncd by itsclf mm such a sense that all the relations | 
which it has to other existences are merely apparent, and 
that the comcdence of its life with the lite of the world 1s 
the result of a pre established harmon} On both sides, 
therefore thc idea of self determination would be admitted, 
thou_h the tendency of the Darwinians would be to regard 
this self determimation as something merely formal, and 
on both sides 1t would also be admitted that the self 
determination does not exclude a determination from with 
out, thou sh catieme opponents of Darwin might be inclined — 
to reduce this determination to a mere stimulus or external | 
condition of the development of the nature of the subject 
to which the stimulus 1s apy lied The question, however, 
remains whether, after all, this opposition of without and 
within 15 an absolute one, or whether there 1s any point of 
view from which it may be transcended To Aristotle it 
seemed possible to answer this question in the affirmative, 
because he conceived that the reason of man is a pure or | 
universal duvayus, the evolution of which to complete self 
consciousness 1s one with the process whereby the objective 
world comes to bu known = Yet, as Aristotle admitted the , 
existence in the world of 1 material principle which was 
essentially different from the ideal principle of reason, he 
was oblized to limit lis statement as to the possible unity 
of the subjuctive and the objective consciousness, and to 
say merely that “im things w2thout mute: the knower 1s 
identical with the known But this would immediately 
lead to the conclusion that the pure development of reason 
must be secured by alstiaction from all finite and material 
objects rather than by a thorough comprehension of them 
The freedom of the spirit on this theory, must be a negative 
and not a positive freedom, a freedom won, not by over 
coming the world, but by withdrawing ourselyes from its 
influcnce It remained, therefore, for modern philosophy 
to work out the Aristotelian idea that the rational being 
as such, in spite of its necessary relation to and depend 
ence on an external world, 15 never in an absolute sense 
externally determined And, as we have already seen, the 
Kantian philosophy brought this problem within the reach 
of solution, in so far as it showed, first, that objective 
existence can have no meaning except existence for a | 
thinking self, and, secondly, that existence for a thinking 
self means existence the consciousness of which 15 “capable 
of being combmed with the consciousness of self’ Add 
further to these propositions what was shown by Kant’s 
successors, that that only can be combined with the con 
sciousness of self whic’, 1s essentially related to it, and we 
arrive at an idealistic theory of the world, which enables 
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us at once to understand the relative value of the distinc. 
tion between self determination and determmation from 
without, and at the same time to see that its value 1s only 
relative If it be true that nothing exists which 1s not a 
possible object of consciousness, and again that there 1s no 
possible object of consciousness which 1s not essentially 
related to self consciousness, then the phenomena of the 
external world, which at first present themselves under the 
aspect of contingent facts, must be capable of being ulti 
mately recognized as the manifestation of reason , and the 
history of the conscious bemg in his relations with that 
world 1s not a struggle between two independent and 
unrelated forces, but the evolution by antagonism of one 
spiritual principle It 1s, on this view, the same life which 
within us 1s striving for development, and which without 
us conditions that development And the reason why the 
two terms, the self and the not self, thus appear to be 
independent of each othe, or to be brought together only 
as they eaternally act or react upon each other, lies m this, 
that the object 1s umperfectly known, and the subject 1s 
imperfectly self conscious This, however, does not make it 
less tiue that in self consciousness 1s to be found the prin 
ciple im reference to which the whole process may be 
eiplamed, and therefore that the self conscious subject, as 
such, lives a life which belongs to him, not merely as one 
object among others, but as having in himself the principle 
from which the life and being of all proceeds 

From this pomt of view, as has been already indicated, 
the relative value of a theory of human development, such 
as that which mght be based on the ideas of Darwin, 
would not bedemed The conscious being may be regarded 
simply as an externally determined object, and the incorrect 
ness of this assumption will not entirely destroy the value 
of the results attained, especially if, as is often the case 
with those who seek to construct a natural science of man, 
the assumption itself 1s not very strictly adhered to, but 
corrected by the tacit admission of other conceptions some- 
what inconsistent withit But, at the same time, 1t would 
1equire to be pointed out that such a science 1s necessarily 
abstract and imperfect, as it omits from its view the 
central fact in the life of the object of which it treat» It 
can do nothing to account for man’s consciousness, or his 
capacity of becoming conscious, of the influences by which 
he 1s supposed to be determined, or, to put 1t from the 
other side, it takes for granted that the objects that 
influence man are intelligible objects, “capable of being 
combined with the consciousness of self,” without seeing 
how much is involved im this assumption Now it 1s 
evident that the consciousness of an influence cannot be 
explaimed by the influence itself, nor even by that taken 
together with the nature of the sensitive beings subjected 
to it It 1s evident also that an influence mediated by 
consciousness 1s not, strictly speaking, an eternal influence, 
but that it 1s already transformed, and in process of being 
further transformed, by the development of the self to 
which it 1s present For the dawn of consciousness, mn 
which the external object first comes into existence for us 
as opposed to the self, 1s at the same time the beginning 
of the process by which 1ts externality 1s negated or over 
come Self consciousness is that which makes us indi- 
viduals in a sense in which individuality can be predicated 
of none but a self-conscious beg or, in determining 
himself as a self, the individual at the same time excludes 
from himself every other thing and being, and determines 
them as external objects He emancipates himself from 
the world at the same time that he repels the world from 
himself Yet this movement of thought, by which his 
individuality 1s constituted, 1s also that by which he 1s lifted 
above mere individuality, for, in becoming conscious of self 
and not-self in their opposition and rela on, he ceases to 
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be simply identified with the one to the exclusion of the 
other His finite mdividuality 1s regarded by him from a 
universal point of view, mm which it has no less and no more 
importance than any other individuality, or mm which its 
greater or less umportance 1s determined only by its place 
in the whole On this universality of consciousness rests 
the possibility of science and of morality For all sctence 
18 Just a contemplation of the world 1 ordune ad unwersum 
and not 1 ordwne ad wndunduum , and all morality 1s just 
action with a view to an mterest which belongs to the 
agent, not as this individual, but as a member of a greater 
whole, and ultimately of the absolute whole m which all 
men and all things are included 

In this nature of the conscious subject les also the 
possibility of metaphysic in the sense of Amstotle, as that 
science which goes back to a mpwrov duce, a beginning 
which 1s prior to the existence in consciousness of the 
individual self, and onward to ansend in which the divisions 
of the finite consciousness are transcended,—as including, 
im short, ontology, or metaphysic in the narrower sense, on 
the one side, and theology, or the philosophy of religion, 
on the other In truth, these two extremes of science are 
necessarily bound together we can only go back to the 
beginning if we can go on tothe end we can only recover 
the first unity 1f we can anticipate the last Or, to free 
the subject more definitely from the associations of time, 
we cannot apprehend the unity which is mvolved or pre 
supposed 1n all the differences of our conscious life except 
1n so far as we can look at our individual existence from 
the point of view of the whole to which it belongs This 
will become evident xf we consider the nature of the limits 
which have to be transcended by such a science The 
individual conscious subject, as he finds himself at first, 
is but one bemg in a world that stretches out, apparently 
without limits, on every side of him Of the things by 
which he 18 immediately surrounded he sees but a small 
part, and the influences which he receives from them are, 
as he knows, like the wave that breaks upon a shore from 
an unknown ocean, only the last partial expression of 
impulses that come from regions beyond his ken Again 
he finds himself as one m a changing series of beings, of 
which he knows only the last preceding terms, and he 1s 
aware that in a few years he, as one of this series, will 
cease to be He is thus to himself a defintely hmited 
being, and though his knowledge of himself and his world 
may be gradually widened so as to reach some little way 
back mto the past, and anticipate a little of the future, or 
may go outwards m space to embrace a widening circle of 
existences around him, yet he always stops at a limit, of 
which he 1s conscious that it 1s no absolute limit, but 
simply an arbitrary haltu g place where vision grows 
indistinct and imperfect When he reflects upon himself 
from this point of view, he 1s forced to regard himself as 
but a fragment, and a fragment of an unknown whole, by 
which his whole bemg 1s determmed to be what it Is 
Kis highest knowledge seems to be but a consciousness 
of his ignorance, his highest freedom a determimation by 
motives the ultimate meaning of which 1s hid from him 

So far there seems to be no room for any metaphysical 
knowledge, any knowledge of ourselves and our world 
which 1s other than relative and 1 ordine ad undinduum 
But further reflexion shows that in this very consciousness 
of limit there 1s umphed a consciousness of that which 1s 
beyond mt ‘While we proceed from part to part, beginning 
with ourselves and our immediate surroundings, and follow 
mg out lines of connexion that lose themselves in the dis 
tance, we are guided by a consciousness of the whole as a 
unity through which the parts are determined Nay, if 1s 
Just the presence of this consciousness that makes us capable 
of what seems the precework of our knowledge, in which, 
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by the aid of the principle of causality, we connect parti 
cular with particular, and so gradually extend the sphere 
of light imto the encompassing darkness [For that 
pmnciple simply means that the lmuted external object 
does not sufficiently explam to us its own existence, and 
that therefore we are forced to explain 1t by a reference to 
something beyond it It means, m other words, that we 
cannot rest in that which is not a self bounded, self 
determined whole The application of the category of 
external determination has therefore an essential reference 
to the higher category of self-determination The mere 
endlessness of space and time has no meaning except im 
opposition, yet im relation, to the true infinity of which 
we find the type in self-conscious thought Or to put it 
in the Kantian form im which it 18 already familiar to us, 
the consciousness of the objective world in space and time 
stands in essential relation to the unity of self conscious 
ness And if when we regard the former exclusively we 
are forced to view ourselves as insignificant and short 
sighted finite bemgs m an infinite universe, when we 
regard the latter we are enabled to see that im all this 
universe there 18 revealed only that spiritual principle 
which we find also in ourselves In this way a new light 
is thrown on our first consciousness of ignorance The 
strivings of our reason after knowledge can no longer be 
regarded as sti1vings after an unknown goal, but rather 
after a goal which it has prescribed for itself The narrow 
limits of our individual hfe are not removed, but they 
cease to be for us the limits of a narrow circle of definition 
within a formless infimte They become the limits of a 
sphere within a sphere a sphere which 1s defined by the 
idea of knowledge or self consciousness itself, and in which 
therefore however we may wander, we are everywhere at 
home In religious language the 8} here is not a mere 
universe but God, who 1s without us only as He 1s within 
us, so that “by the God within we can understand the 
God without 

Again, as this consciousness takes man beyond his 
immediate existence, and enables him to determine it in 
relation to an absolute unity of all things mm God, so it 
enables him to go bach to a unity which i» behind or 
prior to that existence For, if the individual can look at 
himself as he looks at others, and at others as he looks at 
himself, 1¢, from a poimt of view which 1s unaffected by 
his individuality, and m which that individuality 1» for him 
only what it 1s for impartial reason, he can have nothing in 
him which binds his consciousness to his individuality as 
mere individuality as therefore he can go beyond himself 
to apprehend the whole in which his individuahty has a 
place, there 1s nothing to prevent him fiom going bach 
upon himself, and upon the conditions which are prior to 
his own individual bemg Hes not tied to his immediate 
hfe, and can go below it just as he can rise above it 

“O God, I think Thy thoughts aftr Thee, said Kepler 
In reading the “thought: written in the planetary 
system, Kepler was discovering the meaning of that 
which 1s simpler and more elementary than the existence 
of man, as a cycle of mechanical relations are simpler and 
more elementary than self-consciousness et it was - 
true feeling that led him to connect this descent to th 
mechanical world with God For it 1s only mm virtue of 
the same faculty which enables us to mse to the absolute 
life which includes and subordinates our own that we can 
so free us from the image of our own conscious hfe as to 
apprehend and fix mn thought the simpler relation, of 
purely physical existence But the same faculty of going 
back upon ourselves has a still deeper manifestation 
Not only can we abstract from ourselves so aa to under 
stand the morgamec world, we can alst abstract from our 
selves so as to understand the condition» which are prior | 
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to the thought, and therefore to the existence, of any 
objective external world at all, the universal conditions of 
the knowable and therefore also of reality In doing so, 
to use Hegels metaphor, which 1s but an extension of 
Keplers, we are “thinking what God thought and was 
before the creation of the world,” +¢, we are thinking the 
spiritual unity presupposed in all knowledge, and therefore 
in all objects of knowledge—the consciousness 11 relation 
to which everything 18, and 1s known 

3 Lhe Rel vtwon of Loge to Metaphyste —The ordinary 
view of logic 1s based on two presuppositions which tend to 
separate it almost entirely from metaphysic it 1s based on 
the presupposition of an opposition, or at least a merely 
external relation, between thought and its object, and again 
of an opposition, or merely external relation, between the 
form or method and the content or matter of thought The 
intelligence 1s regarded as dealing with an object which 1s 
given to it externally, and to which, therefore, 1t can be 
true only if it leaves it unchanged and imtroduces into it 
nothing of its own ‘Truth, to use a well known definition, 
is the agreement of our conceptions with their objects, and 
in bringing about this agreement all the concessions must 
be on the side of thought Conformably to this view, the 
processes of thought must be purely analytic, +e, thought 
may break up the given idea of the object into its con 
stitucnt elements, and again out of these elements it may 
recompose the idea in its unity, but 1t can add nothing and 
take nothing away It is hke an instrument which 
alternately dissects a solid mass mto smaller parts and 
again mechanically presses them together, but which 
never penetrates and dissolves the hard matter, still less 
fuses 1t into a new form by bringing 1t into contact with 
new chemical clements 

This conccption, hhe much of the philosophy of which 
it 18 & specimen, is a hind of exaggerated caricature of one 
aspect of the philosophy of Aristotle Aristotle 1s the 
great analytic philosopher He first laid down boundaries 
im that continuous domain of science which Plato had first 
surveyed Not that he ever completely lost sight of the 
unity or continuity of the different sciences which he thus 
distinguished His unrivalled speculative genius 1s shown 
nowhere more clearly than in those not unfrequent utterances 
of speculative insight ito the unity of things different, by 
which, as at a stroke, he makes his own landmarks and all 
landmarks to disappear et such utterances generally 
stand by themselves, and do not alter the general analytic 
spirit of his philosophy They are not so developed as to 
show distinctly the merely relative character of the divisions 
and distinctions which are set up, or the limits of the sphere 
within which they hold good Hence *t was easy for 
minds which possessed something of Auistotles kcenness 
of understanding without his speculative depth to neylect 
such expressions, or to explam them away And this 
process of degradation was the more rapid as the philosophy 
of Aristotle soon ceased to be studied in his own writings, 
and became a traditionary possession of the schools In 
this way we may partly explain how logic came to be 
regarded by medieval philosophy as a form of thought 
which could be altogether separated from the matter and 
by the application of which that matter could be in no way 
affected or changed But for such a view, indeed, it 1s 
difficult to conceive how the schoolmen could have ventured 
to apply any logical processes at all to the sacred matter of 
dogma The idea of externally adding anything to the 
faith once delivered to the saints was excluded by the 
principle of authority , and the idea of developmg out of 


that faith anything that was not immediately contamed in | 
Hence the | in contact with the things or not mm contact with them, 


1t had not yet presented itself to any one 
business of thought see ned to be purely formal and 


@nalytic, and 1t was only on the plea of its bemg such that , 
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its activity could be tolerated at all Nor was this view 
of logic at once changed by the revolt agamst scholasticism. 
The first philosophical exponents of the modern scientific 
movement, while they rejected the matter of dogma as 
fictitious, or at least as transcending the sphere of positive 
knowledge, and while they substituted in its place, as the 
object of investigation, the facts of experience, did not 
realize any more than the schoolmen that the form and 
method of knowledge could be other than analytic of given 
matter Bacon, their protagonist, was above all solicitous 
to guard against any subjective antecrpateo nature, nor did 
he see that the questions which, in his theory of forms, 
he proposed that science should ask of nature themselses 
involved any preconceived theory regardingit Conscious, 
as every true scientific man must be, that the study of 
nature involves a constant self abnegation, a patient self 
distrustful course of experiment and observation, he and 
his followers did not realife the presuppositions that make 
the inquiry possible, and by which it must be guided Stil! 
less did they recognize that the separation between the 
mind and its object which they took for granted can only 
be a relative division, +¢, a division on the basis of a 
unity, and that therefore the self abnegation of the mind 
in its investigation of facts cannot be an absolute self 
abnegation, but 1s only the first step on the way to the 
discovery that the facts are intelligible, and so essentially 
related to the intelligence Hence to them logic still 
seemed a mere analytic process, the end and aim of which 
was understood to be that a world, existing im itself out 
of relation to thought, should be reproduced in a more or 
less imperfect image wn thought And, when it came to be 
suspected by a less naive philosophy of experience that, 
after all, certain presuppositions, not given in eaperience 
itself, were involved in the scientific interpretation of 1t, 
various expedients were devised to reduce these presupposi 
tions 1 an indirect way to empirical truths,—expedients 
of which Mills attempt to base the law of causality upon 
an wductro per enumeratronem svmplicem may be taken as 
the type 

When we go back to Aristotle,—who was the “founder 
of logic in the sense that he was the first who treated 
logical method as a separate branch of science,—we find 
that his division of logic from metaphysic 1s by no means 
so definite and complete as 11 was made by some of his 
successors The verification of the highest principle of 
thought, the law of contradiction, 1s treated by him as the 
business of metaphysic And, though he separates the idea 
of truth from the idea of reality, and regards the former 
as involving a relation of thought to a reality which 1s 
determined in itself independent of that relation, yet he 
does not regard this independence as by any means absolute 
Truth 1s defined by him as a connexion or distinction of 
ideas which corresponds to @ union or separation of things, 
but does not necessarily so correspond This definition, 
however, holds good only im so far as things are not 
scientifically known, or in so far as things not essentially 
related are brought together xara ovpBeByxos Where 
necessity comes 10, and 1s apprehended by reason, the 
case 18 different “or in that case we have not merely 
an external synthesis, but an essential identity, +e, a unity 
of elements which can neither be, nor be known, apart 
from each other In relation to the principles of science, 
therefore, Aristotle holds that error, +e, a connexion of 
ideas not corresponding to a connexion of things, 18 impos- 


sible, and that the only alternatives are knowledge and ig , 


norance Either we possess the idea or we do not possess 1t, 
as Aristotle otherwise expresses it, in thought we are either 


there 1s no third possibility The meangng of Anstotle 
becomes clearer when we remember that, accosding to his 
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view, the intelligence, n apprehending the indivisible unity 
of elements in the object, 1s at the same time apprehending 
the unity of the object with itself The mind cannot be 
deceived in regard to that which forms a part of 1ts con 
sciousness of itself In freemg the essential conception of 
the object from the contingency of matter, science has 
freed the object from that which made it foreign to 
intelligence, and the relation of thought to things ceases 
to be one of correspondence, and becomes one of identity 

The legitimate inference from this view of the relation 
of the intelligence to the intelligible world would seem 
to be that the partial separation of thought from its object 
and its imperfect correspondence with it 1s characteristic 
of our first empirical consciousness of things, and of the 
progress from that consciousness to science, but that in 
completed science the division ceases The esse of things 
is not their percyn, but thew entelligr 
taken as the truth, then 1t can ng longer be supposed that 
the process by which scientific knowledge 1s attained con 
sists simply in an analysis of the object as 1t 18 given m 
-ummediate perception On the contrary, it must be held 
that, if our thought has to submit itself to the ohyect, and 
to be brought into conformity with it, by a process of 
induction, 1t 1s equally true that in this process the object 
also must be changed, that it may be brought ito con 
formity with the principle of thought The genesis of 
science, according to this view, 1s not merely an analysis 
of given facts, but a process of vital transformation by 
which consciousness on the one side and the object on 
the other are brought ito unity with each other The 
idea, indeed, of an empty process, a process in which the 
activity of the mind 1s merely formal, 1s one which will 
not stand the slightest exammation A mind without 
categories, if such a thing were conceivable, would have 
no questions to ask mm relation to the object presented to 
it, and could therefore get no answers Those who make 
a pretence of approaching a subject in an absolutely 
receptive attitude, and without any presuppositions, only 
show that they are unconscious of the categones by 
which their thought is ruled, and they will be most 
slavishly guided by these categories just because they 
are unconscious of them The schoolmen, when 
they applied their logical principles to the matter of 
Christian dogma, did not recognize that they were domg 
more than analysing and bringing out clearly the meanmg 
of that dogma But the effect of their work was to turn 
the system of divinity into a collection of insoluble puzzles, 
for the doctiine was a doctrine of reconciliation between 
divine and human, infinite and finite, universal and 
particular, and the principle of their method was to treat 
all these oppositions as absolute In hike manner 1t might 
be shown that the analysis of social phenomena which was 
made in the last century was madequate and superficial, 
Just because of the latent assumption of individualism on 
which 1t proceeded, and that the greater success of writers 
hke Comte and Spencer does not arse merely or mainly 
from their beng more careful observers of the phenomena 
of social life, but in great part from the fact that, rather by 
the unconscious movement of opinion than by any distinct 
metaphysic, their minds have become possessed by more 
adequate categories 

The idea that the process of thought 1s merely formal, 
or analytic of given matter, 1s, however, an error that has 
a truth underlymg it This 1s the truth eapressed by 
Anstotle im his much misunderstood comparison of the 
intelligence of man to a tabula rasa, upon which nothing 
at first 1s written, and again in his assertion—already 
quoted—that the mind 1s a pure dvvauis, without any 
distinguishing quality of 1ts own which could prevent it 
from apprehending the real nature of other thmgs In 
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other words, self conscious reason 1s not a special thing in 
the world, but the principle through which all things are, 
and are understood , and hence, as regards the distinction of 
things from each other, it 18 in the first mstance undeter 
mained and indifferent, and therefore open to be determined 
mn one way or another, according to the object to which it 
1s directed But this simply means that the conscious 
subject, as such, 18 not bound to his own individuality, but 
can regard things, nay, in a sense, must regard them, from 
@ pot of view which 1s independent of 1t This 1s what 
makes possible the self restramt and self abnegation pre 
scribed to the scientific man, whose whole duty asit 1s often 
said, 18 to keep himself out of the way and let the objects 
speak, to lay aside all subjective sdolu and prejudices 
that stand between him and the reality of thmgs ‘Lhis at 
first sight may seem to be equivalent to the assertion that 
the mind ought to be in a state of simple passivity or 
receptivity towards objects What 1s really meant, how 
ever, 1s not that the intelligence should go out of itself, or 
cease to be itself, that 1 may know its object, but simply 
that it should show itself in its universality, or freedom 
from the limits of the individual nature The self abnega 
tion of science 18 an endeavour, so to speak, to see the 
object with its own eyes, but this 1t can do only in so far 
as the consciousness for which the object 1s 1s that con 
sciousness 1n relation to which alone all objects are, and 
are understood Or, to put it im another form, the con 
scious self in its scientific self abnegation does not give 
itself up to another, and become purely passive, it only 
gives up all activity which 1s not the activity of that 
universal thought for which and through which all things 
are Hence, when it has so abnegated itself, its most intense 
constructive activity 1s just beginning, though, just so far 
as the self abnegation has been real, that constructive 
activity has become one with the self revelation of the 
object As, however, it 1s only through the constructive 
activity of thought that there exists for us any object at 
all, so 1t 18 only through its continued activity that the 
conception of the object 1s changed, till 1t 1s completely 
revealed and known And this activity mvolves a con 
tinuous synthesis, by which an ever wider range of facts 
is brought together in an ever more definite unity, until 
the mind has, if we may use the expression, exhausted its 
store of categories upon the world, and until the world has 
completely revealed itself in its umty with itself and with 
the mind 

To combine these two ideas—on the one hand that science 
begins in a self abnegation by which the mind renounces 
all subjective jrejudices, and thereby attains a purely 
objective attitude and on the other hand that this purely 
objective attitude 1» not a mere attitude of reception, but 
one m which the mind 1s contimually transforming the 
object by its own categories —to see that the universality 
of the mind in knowin; is not mere emptiness, and that its 
activity 1s synthetic yust when it 1» most free from all pre 
suppositions extraneous to the nature of its object,—1s one 
of the greatest difhculties of the student of metaphysic 
Universality at first looks so hhe emptiness, anda universal 
activity so like a merely formal activity, that 1t 1s no 
wonder that the one should be mistaken for the other 
But uf we make such a confusion, we may soon be forced 
to choose between a sensationalism that makes knowledge 
umpossible and a mysticism which makes it empty The 
pure identity of thought with itself which 1 involved in 
the process of analysis 1s put on the one side and the 
manifold matter of experience which 1s the object of 
thought on the other, and between these opposites no 
mediation 1s possible If we take our stand upon the 
latter, we are forced to reject all mental synthesis as 
invalid, because 1t mvolves a subjective addition to the 
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facts , if we take our stand on the former, we are com 
pelled to regard all objective experience as :rrational, 
because it does not correspond to the pure identity of 
thought 

In Aristotles view of logic it cannot be said that this 
difficulty 13 clearly solved, though he seems to have seen 
the error of both extremes On the one hand he often 
recozni7es the synthetic character of the process of induc 
tion, as when he speaks of the universal idea or law as a 
tentral principle, in which we must find the key to all the 
difhculties suggested by different aspects of a given subject 
Yet in other places we trace the fluence of a merely ana 
lytic conception of that process as a process in which the 
universal 1s to be reached by abstracting from the pecul: 
arities of individuals And this conception of 1t 1s favoured 
by Aristotle metaphysical theory, according to which the 


forms of thinss m the finite world are manifested mm a 


resisting matter, 1 matter which prevents them from being 
perfectly or universally realized or, in so far as this 1s 
the case, the facts will not be entirely explained by the 
knowledge of the form, and the knowledge of the form 
must be obtained, not by combining all the facts, but rather 
by abstractin.s from them Again, in Anstotles account 
of the process of thought in the Prior Analytrs, he 
regards it 145 % formal deductive process, and, though 
in the Pot 7:7 Analytus he attempts to give a synthetic 
mening to the syllogism by treatinz it as the method in 
which the properties of a thing may be proved of it, or 
combined with it, through its essential definition yet this 
adventitious meaning bestowed upon the syllogistic process 
does not alter its essential nature The ultimate source of 
this madequate view of the process of thought seems to lie 
in Aristotle s imperfect conception of the unity or identity 
which 1s for him the type of knowledge For, though, both 


inthe Vetuphysu and the De Anima, he defines that identity | 


as self consclousness or as a consciousness of objects which 
18 identical with self consciousness, yet he does not seem 
clearly to distinguish between a unity in which there 1s no 
difference and a unity in which difference 1s transcended and 
reconciled This seems to be shown by his description of the 
principles which reason apprehends as mmdindua or indi 
visible umities, rather than unities which imply, while they 
transcend, difference ‘et, in this definition of the unity 
of knowledge a» self consciousness, Aristotle has implicitly 
admitted that there 1s a duality or difference in the unity 
itself, and this might have been expected to modify his 
conception of the relation of consciousness to its objects 
For, as self consciousness is not simple like a chemical 
element, but only in the sense that 1t 1s an indissoluble 
unity of opposites, 1t might have been anticipated that 
one who had realized self consciousness as the principle 
of knowledge would be able to regard the opposition 
between the consciousness of self and the consciousness of 
the world as itself also capable of bemg conceived as a 
unity 

This misconception of Anstotle may be shown in 
another way In the Metaphysic we find him laying down 
what 1s called the logical law of contradiction as the 
ultimate principle of knowledge The meaning of this 
principle, however, as Aristotle states it, 13 simply that 
thought in its essence 13 definition or distinction If, as 
Heraclitus say3, everything at once 1s and 1s not, if we 
cannot attach any definite predicates to things by which 
they may be distinguished from each other, then, as 
Anstotle argues, thought 1s chaos, and knowledge 1s 
impossible If determination be not negation, if the 
assertion of A be not the negation of not-A, then there 1s 
no meaning in words The criticism to be made on this 
view 1s obviously, not that it 1s a false statement of the law 
of thought, but that it 15 an imperfect statement of it. 
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Thought 1s undoubtedly distanction , and, if all distinction 
be confounded, no meaning can be apprehended or ex 
pressed But thought 1s also relation and connexion of 
the things distinguished, and this aspect of 1t 1s equally 
important with the other Aristotle shows his one sided 
ness—a one sidedness which throws him imto opposition 
to Plato, but which enables him to correct Plato only by 
falling into the opposite error—when he exclusively fixes 
his attention on the “ differentiating” aspect of knowledge, 
and takes no notice of the “ integrating’ aspect of 1t It 
1s easy to see that this exclusive attention to one side of 
the truth may lead in many ways to a distorted view both 
of the world and of the intelligence that apprehendsit If 
Heraclitus be interpreted as simply denying the nght of 
thought to introduce its definiteness nto the flux of sense, 
nothing but absolute scepticism can come out of his 
philosophy , and Aristotle was nght in maintaiming that 1t 15 
only as the flux is brought to a stand, and the universal 1s 
fixed as a permanent and defimte object of thought,! that 
knowledge becomes possible But, on the other hand, if 
distinction be taken as absolute, if the definite assertion 
of a thing be taken as a negation of all relation to what 1t 
1s not, if the fixity of thought be taken as an abstract self 
identity which excludes all the movement of finite things 
wherein they show their finitude and pass beyond them 
selves into other things, then knowledge will be equally 
impossible Our consciousness, on such a theory, would 
be disintegrated into parts which would own no connexion 
with each other , nor would it be possible for us to think 
of things as, in spite of their differences, bound together into 
the unity of one world The law of contradiction or 
distinction, therefore, 1s likely to lead to serious miscon 
ceptions, unless it be complemented by a law of relation— 
a law expressing the truth that there 1s a unity which 
transcends all distinction For all intelligible distinction 
—all distinction of things in the mteligible world—must 
be subordinate to their unity as belonging to that world, 
and therefore essentially connected with each other and 
with the intelligence In such a world, in other words, 
there can be no absolute distinctions or differences (not 
even between being and not being), for distinction without 
relation 1s impossible, and a conception held in absolute 
isolation from all correlated conceptions ceases to have 
any meaning ‘This does not, of course, imply a negation 
of the law of contradiction within its own sphere, but it 
does imply that that sphere 1s limited, and that there 1s no 
absolute contradiction All opposition 1s within a pre 
supposed unity, and therefore points to a higher reconcilia 
tion, a reconciliation which 1s reached when we show that 
the opposition 1s one of correlative elements 

The great step 1n logical theory which was taken by the 
idealistic philosophy of the post-Kantian period was simply 
to dissipate the confusion which had prevailed so long 
between that bare or formal identity, which 1s but the 
beginning of thought and knowledge, and that concrete 
unity of difference, which 1s its highest idea and end It 
was, n other words, to correct and complete the concep 
tions of thought as analytical, and as externally syntheti 
cal, by the conception of it as self-determining, to show 
that it 1s a unity which manifests itself in difference and 
opposition, yet in all this, even when it seems to be 
dealing with an object which 1s altogether external to 
it, 18 really developmg and revealing itself This new 
movement of thought might, im one point of view, be 
described as the addition of another logic to the logic 
of analysis and the logic of inductive synthesis whigh 
were already in existence But it was really more than 
this, for the new logic was not merely an external addition 
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to the oid logics, 1¢ also put a new meaning ito these 
logics by bringing to light the principles that were involved 
am them At the same time it broke down the division 
that had been supposed to exist between logic and meta- 
physic, between the form or method of thought and its 
matter It showed that thought itself contams a matter 
from which it cannot be separated, and that 1t 1s only by 
reason of this matter that it 1s able to ask intelligent 
juestions of nature, and to get from nature intelligible 
answers A short space must be devoted to explain this 
relation of the three logics to each other 

The analytic logic fairly represents our first sctentufic 
attitude to the world, in which we concentrate our attention 
upon the facts as they are given im experience, with no 
thought of any mental synthesis through which they are 
given To ourselves we seem to have to do with an object 


which 1s altogether independent of our thought, and what | 
we need in order to know 1t 1s togkeep ourselves 1n a purely © 


receptive attitude All we can do 1s to analyse what 1s 
given, without adding anything of our own toit It has, 
» however, already been pomted out that this apparent self 
abnegation 18 possible only because, in abnegating our indi 
vidual point of view, we do not abnegate the point of view 
that belongs to us as universal or thinking subjects In 


other words, the objectivity of knowledge thus attamed 1s | 


not the ceasing of the activity of our thought, but rather of 
‘all that interferes with that activity We seem to abstract 
from ourselves, but what we do abstract from is only the 
individuality that stands between us and the world The 
scientific observer who has thus denied himself, however, 
1s not necessarily conscious of the meaning of what he has 
done The immediate expression of his consciousness 18 
not “I think the object,” but “it, the object, 1s’ , and the 
more intensely active he 1s the more his activity 1s lost for 
him in the object of 1t His whole work 1s, for himself, 
only the analysis of given facts, and for the rest he seems 
to have nothing to do but to take the world as he finds 
it The voice of nature to which he listens 13 for him 
not his own voice but the voice of a stranger, and 1t does 
not occur to him to reflect that nature could not speak to 
any one buta conscious self His business 1s to determine 
things as they present themselves, to enumerate their 
qualities to measure ther quantities , and his logic accord 
mgly 1s a logic governed by the idea of the relative com 
prehension and extension of the things which he thus 
names and classifies Such an analytic logic seems to be 
all that 1s necessary, because the only predicates by which 
things are as yet determined are those which are involved 
im their presence to us m perception, and as perceived they 
seem to be at once given in all their reality to the mind 
that apprehends them 
A step is taken beyond this first naive consciousness of 
things, whenever a distinction 1s made between appearance 
and reality, or whenever it 1s seen that the things perceived 
are essentially related to each other, and that therefore they 
cannot be known by thew immediate presence to sense, but 
only by a mind which relates that which 1s, to that which 
1s not, immediately perceived _If “ the shows of things are 
. least themselves,” we must go beyond the shows m order to 
know them, we must seek out the permanent for that 
which 1s given as transient, the law for the phenomenon, 
the cause for the effect. The process of thought in know 
ledge therefore is no longer lost m its ummediate object, 
but 15, partly at least, distinguished from it For just in 
proportion as the reality 1s separated from the appearance 
das the knower become conscious of an activity of his own 
thought in determmng things From this pomt of view 
nature 18 no longer an object which spontancously reveals 


ttaelf to us, but rather one which hides its meanmg from tha 


us, and out of whch we must wring ita secret by persistent 
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questioning And, as this questioning process obviously 
has not its direction determined purely by the object: itself, 
it becomes manifest that the mind must bring with it the 
categories by which it seeks to make nature intelligble 
To ask for the causes of things, or the laws of things, pre- 
supposes that the immediate appearance of them does not 
correspond to an idea of reality which the mind brings 
with it, and by which it Judges the appearance Nature 
1s supposed to be given to or perceived by us as @ multi 
tude of objects in space passing through successive changes 
in time , and what science seeks 1s to discover a necessity 
of connexion running through all this apparently contingent 
coexistence and succession and binding it into a system 
Science, therefore, seems to question nature by means of 
an idea of the necessary interdependence and connexion of 
all things, as parts of one systematic whole governed by 
general laws—an idea which it does not get from nature, 
but which 1t brings to nature Hence the logic in which 
this process of mvestigation expresses 1ts consciousness of 
itself will be a synthetic logic, a logic built on certain prin- 
ciples which are conceived to be dependent of experience, 
and by the aid of which we may so transform that experi 
ence, 80 penetrate mto it or get beyond it, as to find for it 
a better explanation than that which 1t ummediately gives of 
itself The Posterior Analytic, m which Anstotle brings in 
the idea of cause to vivify the syllogistic process, or supply a 
real meaning to it, may already be regarded as a first essay 
1m this direction And the theory of inductive logic, as 
explained by Bacon and his successors down to Mill, is a 
continuous attempt to determine what are the principles and 
methods on which experience must be questioned, in order 
to extract from it a knowledge which 1s not given im 1m 
mediate perception 

It was, however, Hume who first brought into a clear 
light the subjectivity of the principles postulated m this 
logic, and especially of the principle of causality, which 1s 
the most important of them In thus contrasting the sub- 
Jectivity of the principles of science with the objectivity 
of the facts to which they are applied, 1t was his mtention 
to cast doubt on the science which 1s based on the applica 
tion of the former to the latter The principles, he mam 
tains, are not legitimately derived from the facts, therefore 
they cannot legitimately be used to mterpret them. They 
are due to the influence of habit, which by an ilegitamate 
process raises frequency of occurrence into the universality 
and necessity of law, and so changes a mere subjectave 
association of ideas into an assured belief and expectation 
of objective facts The answer given by Kant to this 
sceptical criticism of science mvolved a rejection of that 
very opposition of subjective and objective upon which at 
was based Without necessary and universal principles, 
the experience of things as qualitatively end quantitatively 
determined objects, coexisting im space and pasaing 
through changes in time (or even the determination of the 
successive states of the subject as successive), would atself 
have been impossible Hence necessity of thcught cannot 
be derived from a frequent experience of such objects. It 
1s true that the determination of things as permanent sub 
stances reciprocally acting on each other, according to unt- 
versal laws, goes beyond the determination of them as 
qualified and quantified phenomena m space and time 
But both determmations are possible only through the 
same a priort principle, and we cannot admit the former 
determination without mpheitly admitting the latter As, 
therefore, it 18 through the necessity and universality of 
thought that obyects exist for us, even before the application 
to them of the prnciples of scientific induction, and as the 
application of those principles 1s only o further step m 
ta priors synthesis which 1s already mvolved in the 
perception of these objects, we have a reason for tregtang . 
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the former land of synthesis as objectuvely valid which 
does not equally apply to the latter 
This vindicataon of the prinerples of duction has, how 
ever, a further consequence, which was not clearly seen by 
Kent It is fatal to the antithems of the ‘ given and 
the “known, of what 1s perceived and what 1s concetved, 
of natura matervalder spectata and natua formalider 
apectata, which he still admitted Tor that antithess 
really rested on the idea that there 1s no universal and 
necessary prinuple of determmation of things mvolved in 
the apprehension of them as qualfed and quantified 
phenomena in space and time So soon, therefore as it 18 
seen that there is euch a principle, and that the first deter 
mination of things as objects cf percuption 1s due to the 
same a preom synthesis which determines them im the 
necond place as objects of experience, the ground for that 
contrast between reality and appeaiance on which the 
theory of induction rested 1s taken away Kant, indeed, 
finds a new meaning fo: that contrast by interpreting it as 
referring, not to the iV atale between things as they are 
given and things as they are hnown, but to a supposed 
opposition between things as they arc given and known in 
experience and things a» they are in themselves out of 
experience ‘This new antithesis of reality and appearance, 
however, only means that the former antithesis has broken 
down, aud that therefore the ideal of knowledge based 
upon 1t has yielded to a new ideal The so called things 
un themselves are noumena, the objects of an intuitive or 
perceptive understanding, + ¢, objects in which the contrast 
of perception and conception, of given and knowa, 1s tran 
scended We can make Kants theory consistent only by 
supposing bim to mean that the conception of the world as 
a system of substances determmimg each other accordimg 
to universal laws does not yet satisfy the idea of know 
ledge which reason brings with it In other words, just 
as science from the point of view of necessary law found 
something wanting in the conception of the world as a 
mere complex of quantifed and qualified phenomena mm 
space and time, so philosophy, mn view of a still higher 1Jeal 
of knowledge, may condemn the conception of the world 
a6 a system of objects determined by neccssary laws of 
relation as itself inadequate and imperfect And we have 
geen that thi» higher ideal 1s that which w» involved m 
the unity of self consciousness Unfoitunatcly hant was 
unable, as Anstotle had been unable, to distinguish this 
idea from the idea of an abstract identity m which there 
1a no room for even a relative difference of perception and 
conception, and therefore the perceptive understanding was 
named by him only to be rejected 
if, however, we correct thi, madcquacy of hauts state 
ment, as his later works cnable us partly to correct it, 
we see that 1t involves a new idca of hnowlede and a new 
logic,—a logic governed by the idca of organic unity and 
development, just as the analytic logic had becn zoverncd 
by the idea of identity, and ay the inductive logic haw been 
governed by the idea of necessary lw lor if the unity 
of self-consciousness be our type of knowledge truth must 
mean to us, not the apprehension of objects as self 1acntical 
things, disuinguished from each other im quantity and 
quality, nor even the determination of such things as 
standing mm necessary relations to each othcr It must 
mean the determination of the world (and of whatever m 
ii. 28 In any sense an independent reality so far as it 15 80 
independent) as a unity which realizes iteelf in and through 
differance, a unity which 1s indced determmed, but deter 
mined by itseli In a vitw of the world which 1s governed 
by this category, correlation must be reimterproted as 
organic wuty, and causation as development Its logical 
method must be neither analytical nor synthetical, or 
rather it must. be both a once, 7 ¢, 1} must endeavour to 
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exhibit the process of things as the evolution of a unity 
which 18 at once self and self 
which mantfeste iteelf m difference, fhai thoough 
it may return upon itself Further, as this logic arses 
sunply out of a deeper consciousness of thet which was 
contained in the two previous logics, so 1¢ first, enables us 
to explain them In other words, the advance fram the 
analytic to the inductive logic, and again from the inductive 
to what may be called the genetic logic, may itself he 
shown to be a self determined development of thought, m 
which the first two steps are the imperfect manifestatzon 
of a principle fully revealed only in the last step The 
consciousness of self identical objects, independent of each 
other and of thought, 1s thus only the beginning of a pro- 
cess of knowledge which reaches its second stage in the 
determination of these objects as essentially related to each 
other, and which finds its ultimate end in the knowledge 
of the correlated objects gg essentially related to the mind 
that knows them Or fan this last point of view, things 
are still conceived as having a certain relative independence 
of the mind, it can only be in so far as they are 1m the 
Leibnitzian sense monads, o2 microcosms,—+ ¢ , 1n 80 far as 
they are self-determined, and so have, in the narrower circle 
of their individual hfe, something analogous to the self 
completed nature of the world, when 1t 1s contemplated m 
its unity with its spiritual principle 

Such a genetic logic 18 inconsistent with any absolute 
distinction between the a priors and a postertor: element 
in knowledge For here the a prwri is not sumply « law 
of necessary connexion to be applied to an external matter, 
but a principle of organic development, a principle which, 
from the very nature of 1t, cannot be applied to a foraign 
matter To treat the world as organic 1s to apply to it a 
category which 1s inconsistent with its beg somethmg 
merely given or externally presented to thought The 
relation of things to thou,ht must itself be brought under 
the same category o: organic unity which 1s applied to the 
relation of things to each other in the world, otherwise the 
externality of the world to the thought for which it 18 will 
contradict the conception of the world as itself organic 
Hence the distinction of @ prwrt and a posterior, 80 far as 
it 1s mamtained at all, must shrink to something secondary 
and relative It can be maintamed only as a distinction 
of thought from its object, which presupposes their ultimate 
unity From this point of view logic may be said to deal 
with the a priors, in so far as it treats the general conditions 
and methods of knowledge without reference to any parti 
cular object Logic must exhibit abstractly the process by 
which the intelligence establishes its unity with the intelli 


_ gible world, or, to put it i another way, 1t must demon- 


strate that the being of things can be truly conceived only 
as their being for thought It 1s limited to the a prin, m 
the sense that 1t ends with the idea that the esse of things 
us their stella, and does not consider how this real 
intelligence or intelligible reality manifests itselt m the 
concrete world of nature and spirit 

In this sense logic cannot be separated from metaphysic 
if netaphysx be confined to ontology ‘They are simply 
two aspects of one scienct, which we may regard etther as 
determining the 1dea of bemy or the idea of knowing 
The process of knowing 1» ncver ically a formal process, it 
always involves the ap; lication of certain categories, and 
these categories are simply successive definitions of bemg 
or reality We cannot separate the category from the 
movement of thought by which it 15 cvolved and apphed, 
nor the transition from lower to highe: categories fr 
changes of logical method Hence a logic divorced from 
metaphysic mevitably becomes empty and unreal, and a 
meiaphysic divorced irom logic reduces itself to a kand of 
dichonary of ebstract terme, which arg put m oo hving 
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galatson to eachother For such a logic and sach a mote 
se abel on the assumption of an absolute division 
bemg and thought, the very two terms the unity 
of which it must be the utmost object of both logic and 
metaphysic to prove and to produce 
4 DLhe Relation of Metaphysve to Philosophy of Relugron 
~—~The possibilty of a “first philosophy,’ as we have 
already seen, 1s essentially bound up with the possibility 
of what we may calla last philosophy It 18 only in so 
far as we can riseabove the point of view of the individual 
and the dualism of the ordinary consclousness—in so far, 
m other words, as wecan have at least an anticipative 
oansorotisness of that last unity un which all the differences 
of things from each other and from the mind that knows 
them are explained and transcended—that we are able to 
vo back to that first unity which all these differences pre 
suppose The hfe of man begins with a divided conscious 
ness, with a consciousness of gelf which 1s opposed to the 
consciousness of what is not-self, with a consciousness of a 
multiplicity of particulars which do not seem to be bound 
together by any one universal principle Such division 
end apparent independence of what are really parts of one 
whole 1s characteristic of nature, and in spirit it 1s at first 
only so far transcended that 1t has become conscious of 
itself A conscious difference, however, as 1t 1s a difference 
mm consciousness, 1s no longer an unmediated difference 
It 1s a difference through which the unity has begun to 
show ttself, and which therefore the unity 1s on the way to 
subordmate And all the development of consciousness 
and selt consciousness 1s just the process through which 
this subordination 1s carned out, up to the pot at which 
the difference 1s seen to be nothing but the manifestation 
ef the unity Just so far therefore, as this end 1s present 
to us,—-so far as we are able to look forward to the solution 
or reconciliation of all the divisions and oppositions of 
which we are conscious and to see that there » an all 
embracing unity which they cannot destroy,—is 1t possible 
that we should look back to the beginning or first unity, 
and recognize that these divisions and oppositions are but 
the manifestations of 1t Thus the extremes of abstractness 
and of concreteness of thought are bound up together The 
freedom of intelligence by w hich we get rid of the complexity 
of ou actual life, and direct our thoughts to the sumplest 
and most elementary conditions of being and knowing, 1s 
possible only to those who are not limited to that hfe, but 
can regatd it and all its finite concerns from the point of 
view of the infinite and the universal In this sense it 1s 
true that religion and metaphysic spring from the same 
source, and that 1t 1s possible to vindicate the rationality of 
religion only on metaphysical principles The philosophy 
of religion 1s, m fact, only the last application or final 
expression of metaphysic, and, conversely, a metaphysic 
which 1s not capable of furnishing an explanation of religion 
contradicts stself 
This last remark atfords us a kind of criterion of a true 
metaphysic Can it or can 1t not eaplain religion? If it 
cannot, 1} mast be equally unable to explain it» own possi 
bility, and therefore umphertly 1t condemns itself Thus a 
pantheistic system, which loses the subject im the absolute 
substance, cannot explain how that subject should appre 
hend the substance of which it 1s but a transitory mode, nor, 
-on the other hand, can 1t explain why the substance should 
manifest itself in and toa subject And the same criticism 
may be madeonall theonesin which thefirst or metaphysical 
unity 28 abstractly opposed to the manifoldness and con 
gaugency of things Not only of Spinoza, but also of kant, 
of Fichte, and even of Schelling, 1 might with some truth 
be said that ther absolute w like the hon’. den, towards 
which. all the tracks are directed, while none come from it, 
It 1s easpntial shat the fivat unity should be such as to 
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explain the possibility of difference and division, for, xf x 
is not, then the return to unity out of difference 1s made as 


' aceadental as the diffcrence itself When Anstotle repre- 


sented the Divine Bemg as pure self-consciousness, pure 
form without matter, he found himself unable to account 
for the existence of any world in which form was realized 
in matter When therefore he speaks of the process of 
the finite world by which it returns 40 God, and attributes 
to nature a will, which is directed to the good as tte final 
cause, his theory seems to be httle more than a metaphor 
in which the analogy of consciousness 1s applied to the 
unconscious For, if the Divine Bemg 1s not manifested 
in the world, any tendency of the world to realize the good 
becomes an mexplicable fact A simular difficulty 18, a2 
we saw, mvolved in Kants confusion of the bare identity 
of understandmg with the absolute umty of knowledge 
Reducing the umty of self consciousness to such a bare 
identity, Kant could not be expected to see, what Aristotle 
had not seen, that pure self-consciousness 18 essentially 
related to anything but itself Hence the various attempts 
which he made 1n his ethical works and in his Cretacram of 
Judgment to find a link of connexion between the noumenal 
and the empirical were necessarily condemned even by him 
self as the expressions of a merely regulative and subjective 
principle of hnowledge Even Fichte, who found in the 
thought, which 1s for him the prwws of all emstence, a 
principle of differentiation and integration which explamed 
how self-consciousness 10 us should be necessarily correlative 
with the consciousness of a world, was unable to free him- 
self from the Kantian opposition of 4 noumenal identity 
m which there 1s no difference to a phenomenal unity 
which 1s realized in difference Hence by him also the 
return out of difference 1» regarded as an imposeibility, or 
as & processus in injunstum, and the absolute unity as that 
which 1s beyond all hnowledge and only apprehended by 
faith 

If we look to completely elaborated theomes, and dis- 
regard all tentative and imperfect sketches, it may fasrly 
be said that all that has as yet been done in the region of 
pure metaphysic 1s contained in two works, m the Mea- 
phys of Aristotle and the Logi of Hegel And up toa 
certain pomt the lesson which they teach 1s one and the 
same, viz, that the ultimate unity which is preew 
in all differences 1s the unity of thought wath itself, the 
unity of self consciousness, and that mn this unity 1s con 
tamed the type of all science, and the form of all existence , 
in other words, [=I 1s the formula of the universe The 
difference between these two works has, however, already 
been indicated With Aristotle, because he neglects the 
essential relation of self consciousness to conscsousness, or 
of the conscious self to the world of objects m space and 
time, the unity of self consciousness tends to pass, as it did 
pass with the Neo Platonists, into a pure identity without 
difference In the Hegelian logic, on the other hand, self- 
CONSLLOUSNESs Is Interpreted as a unity which realizes rtaelf 
throuzh differeace and the reconciliation of difference—aa, 
in fact, an organic umty of elements, which exist only as 
they pass mto each other In other words, 1t 1s shown 
that the differentiatiny movement by which the subjectzve 
and the objective sulf are opposed and the intcgratme 
movement by which they are reunited are both essential.) 
Hence we cannot think of the conscious self as a simple 
resting identity, but only as an active self-determmmg 
prmeiple , nor can we think of its self-determmation as @ 
pure affirmation of itself, without any negation, but only 
as an affirmation which involves a donble negation—en 
opposition of two elements which yet are essentially unsted, 
Kackh factor m this unzty, m fact, 1s necessarily conogwed | 
as beyond itself into the other, the subject is 
subject only as it relates itself to the object, ed | 
rhs 
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object only as it relates tself to the subject It 1s this 
tension against each other of elements which yet are corre 
lated and indissolubly umted, this self surrender to each 
other of elements which yet are maintained in theu distinc 
tion, which constitutes the organic unity of thought in 
itself, and separates 1t from the mere abstract umty of 
mysticism When, however, the concrete or self differen 
tiating character of the unity of self consciousness 18 appre 
hended in this way,—so that 1t 1s impossible to confuse its 
radivisible unity with the simphiity of that which 1s one 
merely because it has no differences in 1t —the problem of 
the relation of pure self consciousness to the world in space 
and time ceases to be insoluble Thought, as 1 1s seen to 
have difference in itself, 1s no longer irreconcilable with 
the world of difference , nor 1s 1 necessary to introduce a 
foreign tAy to make ther connexion intelligible For, as 
thought 1s a principle of difference as well as of umty, of 
analysis as well as of synthesis, and as it cannot realize 
itself in its unity except through the utmost development 
of difference, abstract self consciousness, with 1ts transparent 
or merely ideal difference, cannot be its ultimate form 
On the contrary, the consciousness of self 1s possible only 
in distinction from, and 1m relation to, a world of objects 
In other words, the umty of the thinking subject pre 
supposes, not merely the opposition of the subjective and 
the objective self, but also the opposition of the self in its 
pure self identity to a world of externality and difference 
The pure intelligence, which 1s the py sus of all things, must 
not, therefore, be regarded—as Ar.stotle regarded 1t—as 
merely theoretical, but also as practical It must be con 
ceived as a living principle, a principle which only in self 
manifestation can be conscious of itself, and to the very 
nature of which, therefore, self manifestation 1s essential 
In this way Hegel—yust because he grasped the concrete 
character of the umty of thought 1n itself—was enabled to 
understand the necessary unity of thouzht or self conscious 
ness with the world, and to heal the division of physics 
from metaphysic, which Aristotle had admitted 

Schelling and others who have raised objections to the 
Hegelian method have specially directed their criticisms 
against this transition from logic to the philosophy of 
nature, from pure self-consciousness to the external world 
i space and time In domg so, they have practically 
fallen back upon the Aristotelian theory, with its opposition 
of God, as pure form, to the finite world But this in effect 
1s to deny that “the real 1s the rational or intelliyible, 
and to introduce mto the world, as the ground of its 
distinction from reason, a purely irrational or contingent 
element A modern follower of Schellings later positive 
philosophy only draws the necessary consequence from this 
view when he teaches the pessimist creed that the highest 
good 1s the negation or extinction of the fimte Nor can 
we wonder that the same writer who demes that the 
absolute self consciousness 1s essentially related to or 
manifested un the world should proceed to reduce this 
self-consciousness to a mystic identity which comes out of 
itself and becomes self-conscious only by an inscrutable 
act of will The fact, mdeed, that those who deny the 
possibility of a rational transition from self conse usness 
to the world are forced by the logic of their position to 
reduce self consciousness to an abstract identity may be 
regarded as a kind of indirect proof that the prinuple of 
self-consciousness, truly conceived, does involve that transi 
tion §= Another step in the same direction may be mide if 
we consider how the Cartesian philosoy hy treated the same 
ppposition, which it also regarded as absolute By 
Descartes mmd and matter, thought and extension, are 
defined as abstract opposites, every quality of each finding 
ite contradictory reared ae m a quality of the other 
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itself and knows itself as 1t is, which has'no discretion of 
parts or capacity of division or determination from without, 
Matter 1s essentially discrete or mfintely divided, 16 wa 
pure passivity , and all its determmation comes to 1¢ from 
without The world 1s therefore, as 1t were, “cut in two 
with a hatchet,” divided mto two unrelated existences, 
which are held together only by the will of God Spinoza 
cuts the knot, and avoids the arbitrarmess of this solution, 
by treating extension and thought as two attmbutee 
separated only m respect of our intelligence, but each 
expressing fully the absolute substance And something 
like the same view has been revived in recent times, by 
writers hke Lewes and Mr Spencer, who speak of feelings 
and motions as two opposite “aspects’ of the same fact, 
When we ask, however, for whom these attributes or 
aspects are a unity, it becomes clear that the intelligence 
which 1s regarded as standing on one side of the dualism 
must also be taken as transgending it, and relating the two 
sides to each other Moreover, the correspondence of the 
two attributes upon which Spinoza msists and their contra 
riety upon which Descartes insists, when taken together, 
give us the idea of a correlative opposition, 2 ¢, of an opposl 
tion of elements which yet are necessary to each other 
If, therefore, they cannot be simply identified as Spmoza 
identifies them, yet they need no external bond such as 
Descaites introduces to combine them, for they cannot 
exist apart from each other Their opposition 1s held 
within the limits of their unity, and 1s no absolute con 
tradiction, but rather an opposition which exists only as 16 
1s transcended In other words, it 1s an abstract opposi 
tion, +, 1f 18 an opposition of elements which seem to be 
ureconcilable till 1t 18 observed that they are correlative, 
that each exists or has a meaning only as it relates itself 
to, or passes out of itself into, the other, and that each, 
held in its abstraction and separation from the other, loses 
all the meaning that it seemed to have For, as in an 
organic body each member or organ lives only 1m tension 
against the others, yet only as continually relating itself to 
the others, so the utmost opposition of mind to matter, of 
the mtelligence to the intelligible world, presupposes their 
unity, and 1s only the realization of it 

There 1s here, however, something more than an ordinary 
case of correlation, for in this unity of opposites mind 
appears twice, once as one of the opposites, and again 
as the unity which transcends the opposition This 
ambiguity becomes most obvious in theories like that of Mr 
Spencer, who speaks of “ two consciousnesses,” which cannot 
be resolved into each other, but yet which strangely form 
inseparable parts of one and the same consciousness What, 
however, 1s really volved in such a statement 1s that the 
external world, which in the first instance presents itself 
as absolutely opposed in nature to the subject whose object 
it 1s, 18 yet one with that subject, and that therefore the 
antagonism of mind to 1ts object 1s only the last differentia 
tion through which it realizes its unity with itself In 
Hegel s language, that which presents itself as other than 
mind 15 e¢s other—“an other which 1s not another,” whose 
diffrence and opposition to itself 1t overreaches and over 
comes We must, therefore, regard the independence and 
externality of nature, its indifference, and even, as 1t seems, 
opposition, to the development of the moral and intellectual 
life of man, as merely apparcnt For man, in this point 
of view, 1s not merely one natural beg among others, but 
the bemg im whom nature is at once completed and 
transcended If, therefore, at first he appears to stand 
in merely accidental and external relations to the oth 
existences among which he finds himself, yet the whole 
process of his life—the process by which he comes to know 


| the external world, and by which, reacting upon it, he 
Mind 1s a pure self-determmed unity, which 1s as it knows | makes it the means to the reglization of an wndividual and 
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social life of his own—1s the negation of this contingency an organism without extending the organic idea to the con 


and externality In all this process he is showing himself 
to be a bemg who can only know himself as he knows the 
objective world, and who can only reahze himself as he 
makes himself the agent of a Divine purpose, to which all 
things are contributing 
Such an idea of mans relation to the world 1s necessarily 
mvolved in any theory that goes beyond that subjective 
idealism or sensationalism which denies to him every 
dbyect of knowledge except his own states of feeling, and 
every end of action except his own pleasures and pains 
Recent speculation, indeed, has suggested a comy romise by 
which this dilemma 1s supposed to be evaded and mankind 
are represented as forming an organic unity in themselves, 
though they are still conceived as standing in an external 
and accidental relation to nature, the forces of which by 
their knowledge and skill they have subdued and are more 
and more subduing to their ser¥ice Such a compromise 
we find in the philosophy of Comte, the first writer who 
starting from an apparently empirical basis, was able to 
break through the individualistic prejudices of the school of 
Locke In the latter volumes of his Posttive Phaloscphy 
still more in his Posstwe Polstecs, Comte so far transcends 
individualism as to deny the externality of men to erch 
other, and to declare that “the mdividual as such, 1s an 
abstraction, and that in reality he cannot be separated 
from the social organism, which 1s thus not merely an 
extraneous condition of his development, but essential to 
his very existence as man Thus individual men exist 
only through the universal—through the spirit of the 
family, of the nation, of humanity, which manifests itself 
in them as a principle of life and development Yet this 
organic unity, according to Comte, 1s in contact with a 
world which in relation to it 1s external and contingent 
Nature has not 1ts final cause m man, but on the contrary 1s, 
at first, rather hisenemy , and itis to humanity iteelf that 
the praise 1s due if to a certain extent the enemy has been 
turned into a servant The unity of life which manifests 
itself mm humanity cannot therefore be considered as a 
universal principle, as the principle of the whole universe, 
but simply as the principle of the limited existence of man, 
which 1s hemmed in on every side by external and, in the 
main, unknown conditions If humanity therefore 1 an 
organism, It 18 an organism existing in a medium which in 
reference to it 18 morganic, 7 ¢, i a medium which has no 
essential relation to the life which animates man 
It 18 obvious, however, that this theory 1s an illogical 
attempt to find a standing ground between two opposite 
philosophies,—between the philosophy which treats man 
merely as a naturalindividual, placed among other individual 
beings and things, and which therefore regards his relation 
to them as something accidental and external, and the philo- 
sophy which treats him as a spiritual subject, a conscious 
and self conscious being, and regards him therefore as having 
no me ely external relations either to other men or to nature 
Comte shrinks from regarding the world without us as the 
manifestation of that spiritual principle which 1» also within 
us, which constitutes our very nature as individual men, 
and therefore connects us with the world at the same time 
that it separates us from it Yet he recognizes the 
existence 1n us of a principle which 1s so far universal that 
1t constitutes a community between all men He thinks 
that the mdividual can transcend himself, so far as to see 
all things, not indeed from a Divine pomt of view, sub 
specie xternitate, but from the pomt of view of universal 
Momanity, and that im conformity with this theoretical 
consciousness, he can live a practical life of altruism, +¢,, 
a life in which he identifies his own good with the good of 
humanity But the philosophy that has gone so far must 
logically go fprter Itis amposmble to treat humanity as 
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ditions under which the social life of humanity 1s developed 
The medium by aid of which, or m reacting against 
which, the organized bemg maintains itself 1s an essential 
part of 1ts life, it remains organic only im so far as it can 
mould itself to its conditions, and its conditions to itself, 
This 1s true even of the ammal organism in relation to its 
small circle of conditions, which, however, 1s part of a 
larger circle to which the ammal has no relation Buta 
conscious being 18 a universal centre of relations , there 1s 
nothing which it, as conscious, cannot make part of 1ts own 
life Hence the application of the organic idea to it mm 
volves 1t8 application to the whole world And, if the 
recognition of a universal principle manifested 1 humamty 
naturally led Comte to the idea of the worship of humanity, 
the recognition of a universal principle manifested in man 
and nature alike must lead to the idea of the worship of 
God 
The rationality of religion, then, rests on the possibilty 

of an ultimate synthesis 1n which man and nature are 
regarded as the manifestation of one spiritual pnneiple 
For religion involves a faith that, im our efforts to realize 
the good of humanity, we are not merely straming after 
an ideal beyond us, which may or may not be realized, but 
are animated by a principle which withm us and without 
us is necessarily realizing itself, because it 19 the ultamate 
principle by which all things are, and are known This 
absolute certitude that we work effectually because all the 
universe 18 working with us, or, in other words, because 
God is working 1n us, can find it» explanation and defence 
only na philosophy for which “the real 1s the rational, 
and the rational is the real And such a philosophy, 
beginning with the Kantian doctrine that emstence means 
existence for a spiritual or thmking subject, must go on 
to prove that that only can exist for such a subject which 
1s the manifestation of thought or spirit, and, conversely, 
that »pirit or telligence 1s essentially self manifesting, or, 
in other words, that 1t cannot be conceived except as 
standing mm essential relation to an external and matenal 
world Finally, if nature be thus regarded as a necessary 
manifestation of spirit, 1t can be opposed to spit only m 
so far as spirit in 1ts realization becomes opposed to 1tself. 
In other words, nature must be regarded as, from a higher 
point of view, mcluded in spmt Nature exists that it 
may show itself to be spimtual mm and to man, who 
transcends it yet implies it, who finds m it the necessary 
basis of his thought and action, but only that he may buld 
upon it a higher spiritual hfe 

Nature 1s made better by no mean 

But nature inakes that mean so over the art 

Which, you say, adds to nature 1s an art 

Which nature makes 
Only the order of precedence suggested by these words 
must be mverted For, as nature only 1s for spint, se 
the spintual energy which reacts upon nature 1s that 
which manifests for the first tame what nature in reality 
is It 1s the consciousness of this—te, of the identity of 
that which 1s realizing itself within and without us,—the 
consciousness that the necessity which 18 the precondition 
of our freedom is the manifestation of the same spmt 
which makes us free—which turns morality unto religion 
For 1¢ 18 this alone which enables us to regard the realization 
of the highest ends of human hfe as no mere happy accident, 
or as @ conquest to be won by the cunning of man from an 
unfnendly or indifferent destiny, but as the result towards 
which all things are working 

In ths philosophy, which finds its most adequate 

expression m the works of Hegel, there are two things 
which may be distingushed—the general idealistic view of 
the world, and the dialectical movement of thought m, 
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which Hogel develops and expresses 1t And there are 
perhaps many at the present time who are prepared to 
accept the former, but who yet suspect, or even ngyect, the 
latter And no doubt there is much in Hegel’s Logic and 
Phalosophy of Spirit, and still more in his Philosophy of 
Nature, which there 1s reason to regard with distrust 
In clever hands that are not checked by a sufficient con 
sciousness of the whole, the Hegelian dialectic may be 
made into the means of producing a seeming proof of any 
thing Nor 1s it always easy to determine how far Hegel 
himself was tempted by an impatient consciousness of the 
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others, he 1s preventing ther mtareats rom becoming 

all orn eee his, and his onby, who has died to weg 
But if this be the truth of morality, 1t 1s something mare, 
for “ morality 18 the nature of things.” We cannot 

the law of the life of man from the law of the world m 
which he lives And, if 1t 1s the nature of things, as 1 1s 
the nature of spirit, that he who loseth his hfe shall sane 
it, the world must be referred to a spmtual principle, and 
the Christian doctrine of the nature of God 1s only the 
converse of the Christian law of ethics To Hegel, startmg 
from this point, a new light was thrown on the Fichtean 


‘universality of his method to employ it m cases where the | treatment of the idea of self, and the Fichtean proof that the 


conditions of its successful application were wanting ~ 
Sometimes he seems to forget, what he himvelf teaches, that 
science must first have generalized experience and deter 
mined it by its fimte categories ere 1t 1» possible for 
philosophy to give its final interpretation let, when we | 
realize the nature of that interpretation and of the trans | 
formation of science which philosophy by means of it 
proposes to effect, it becomes clear that the dialectic of 
Hegel 1s no extraneous addition to his idealism but 1s part 
and parcel of the same movement of thought For this 
dialectic rests on the idea that thouzht or self conscious 
ness finds 1n 1ts own organic unity the ultimate hey to all 
difficulties in regard to the objects of thought and their 
relations to each other and tothe mind Self consciousness, 
as has been already shown, 1s implicitly the whole web 
of categories which it throws over the world, and by aid 
of which 1t makes the world intelligible All these it 
contains in itself and, as it proceeds to determine the 
meaning of things, 1t sumply produces its store, and 
exhausts itself on the object Now, if it be idealism, 1n the 
strict sense of the word, to make thought or self conscious 
neas the principle and ultimate explanation of all that 
exists, it 18 obvious that we cannot separate idealism from 
such a dialectic as this, which 1s nothing more than the 
minds consciousness of its own movement or process of 
self affirmation If to find thought in things be more than 
an empty word, then the movement or process which 
thought 1s must explam at once the transition from 
thought to what in opposition to it we call “things, ’ and 
must give us the means of reconciling that opposition In 
other words, the same movement by which thought deter 
mines itvelf as self conscious 2¢ asa unity realized through 
difference, must also be conceived as the explanation of the 
difference between pure thought and the world, and as the 
solution of that difference in the idea of absolute spirit 
Such idealism has a close relation to Christianity 1 may 
be even said to be but Christianity theornzed It has often 
been asserted that Hegel’s philosophy of religion is but an 
artificial accommodation to Christian doctrine of a philo 
sophy which has no inherent relation to Chustianity If, 
however, we regard the actual development of that ; hilo- 
sophy 1t would be truer to say that it was the study of 
Christian ideas which first produced 1t What delivered 
Hegel from the mysticism in which the later philosophics 
of Fichte and Schelling tended to lose themselves and led 
him, in lus own language, to regard the absolute not 
merely as substance but as subject, —what made him 
recognize with Fichte that the absolute principle 1s spiritual 
and yet enabled him with Schelling to see in nature, as 
the opposite of spirit, the very means of its realization,— 
was hus thorough appreciation of the ethical and religious 
meaning of Christianity In the great Christian aphorsm 
that “he who loseth his life alone can save it’ he found 
a key to the difficulties of ethics, a reconciliation of | 
hedonism and aaceticism For what this saymg imphes 
1s that a spiritual or self-conscious being 1s one who 18 in 
contradiction with himablf when he makes his individual 
{mit ns end In oppowng bs own interest to that of 
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consciousness of self implies a relation to an object which 
1s opposed to the self, and which yet from another point 
of view—since an object exists only for a subyect—cannot 
be anything but an element of its own life It was seen 
that this movement of thought 1s no mere fluctuation 
between contradictory positions, to be terminated finally by 
an tpse dixit of faith, but that the unity of the opposite 
elements 13 apprehensible by the intelligence, and that 
indeed 1t 1s «és presence to the intelligence which makes 
the consciousness of opposition possible It was in this 
sense that Hegel could say that that unity of opposites 
which had been called unintelligible by previous writers 
was just the very nature of the intelligence, and that only 
a view of the world guided by this idea could be properly 
intelligible, while every other view must contam in it 
an unsolved contradiction, an element that remams per- 
manently mpervious to thought 

The great objection to a metaphysic lke this, at least 
an objection which weighs much m the minds of many, 
1s that which springs from the contrast between the clam 
of absolute knowledge which it seems to involve and the 
actual limitations which our intelhgence encounters im 
every direction If the theory were true, it 18 felt we 
ought to be nearer the solution of the problems of our 
life, practical and speculative, than we are, the nddle of 
the painful earth ought to vex us less we ought to 
find our way more easily through the entanglement of 
facts, and to be able to deal with practical difficulties in a 
less tentative manner et there 1s really no antagonism 
between such a doctrine and a consciousness of the limite- 
tion of our faculties nay rather, it 139 only on such a 
theory that a rational distrust of ourselves can be based 
When Anstotle meets the warning that we should think 
finte and human things since we are fimte and human 
with the answer that we ought rathe. so far as in us hes, 
to rise to what 1s immortal and divine, he 1s not denying 
the mits of mans knowledge and power , on the contrary, 
he 1s rather pomting to the very principle \ hich makes us 
conscious of those limits , for 1t 18 just because there 1s in. 
man a principle of infinity that he knows his fin'tude, and, 
conversely, 1{15 Just in the consciousness of this finitude that 
he rises above it A rational humulity is possible only to 
one who has in himself the measure of his own weakness, 
and who, f he ‘trembles like a guilty thing surpnsed,” 18 
yet conscious that he is trembling before himself This 
truth 1s often expressed by Kant with special relation te 
the moral consciousness, as where he contrasts the limitation 
of man, as a sensible being, occupymg an infinitesimal space 
1n the boundless world of sense, with his freedom from all 
limitation as a personal self, a member of the truly infinite 
world of intelligence But 1t 18 not necessary to adopt 
Kant s abstract division of the sensible from the intelligible 
world to see that the consciousness of the greatness of the 
problem which haa to be solved in human life and thought 
i» deepened and widened by that very idea of philosophy 
which yet gives us the assurance that the problem m. 
not insoluble, and even that, m prnapla. uw alzeady 
solved . (iti c.) 
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METAPONTUM, or muraponvrom (the first form 1s that 
generally found in Latm writers, but Thacydudes, Strabo, 
ané other Greek authors employ the latter form), was a 
ery of Magna Grecia situated on the Gulf of Tarentum, 
near the mouth of the river Bradanus, and distant about 
24 miles from Tarentum and 14 from Heraclea It was 
founded by an Achwan colony about 700 Bc, though 
various traditions existed which assigned it an earlier 
origin But according to the only historical account it 
was a jomt foundation from Sybaris and Crotona, to 
which, as usual m simular cases, was jomed a body of fresh 
settlers from the mother country, under the command of a 
leader named Leucippus The object of its establishment 
was without doubt to strengthen the Achwan element in 
Magna Grecia, as opposed to the increasing power of the 
Tarentines, but at the same time to occupy a terntory 
which was remarkable for its fertihty It was to ths 
cause that Metapontum owed th@great prosperity to which 
it attained at an early period, and appears to have contmued 
to enjoy for several centuries, though 1t never assumed a 
promuent place in history It was, however, one of the 
cities that played a conspicuous part 1n the political troubles 
arismg from the mtroduction of the Pythagorean principles 
into the cities of Wagna Grecia, and 1t was there that the 
philosopher himself ended his days His tomb was still 
shown there im the time of Cicero 

At the time of the Athenian expedition to Sicily 
(415 3c) Metapontum appears to have been an opulent 
and powerful city, whose alliance was courted by the 
Athenians but they contented themselves with a very 
trifling support In 332 80, at the time of the expedition 
of Alexander, king of Epirus, into Italy, it was one of the 
first cities to espouse his cause, and enter to an alhance 
with him , and they appear to have in hke manner lent an 
active support to Pyrrhus at a later period Down to this 
time, therefore, Metapontum seems to have retained its 
position as one of the principal cities of Magna Grecia, 
and there 1 no evidence of its having suffered maternally 
from the establishment of the Lucanians im its immediate 
neighbourhood Nor have we any account of the precise 
period at which 1t passed under the dominion of Rome, or 
the corditions under which it became subject to the great 
republic But it was the Second Pume War which gave 
the fatal blow to its prosperity After the battle of Cannz 
in 216 BC it was among the first cities in the south of 
Ttaly to declare in favour of Hannibal, and after the fall of 
Tarentum in 212 Bc 1t not only received a Carthagiman 
garrison, but became for some years the headquarters of 
Hanmbal Hence, when the defeat of Hasdrubal at the 
Metaurns (207 8c ) compelled him to abandon this part 
of Italy, and withdraw into the fastnesses of Bruttum, the 
whole mass of the inhabitants of Metapontum abandoned 
their city, and followed him in his retreat 

From this time Metapontum sunk into a poor and mcon 
siderable town, though 1t was still existmg as such in 
the days of Cicero, 1t soon fell into complete decay, and 
Pausanias tells us that m his time nothmg remained of it 
but a theatre and the circwt of the walls All remams of 
these have sitice disappeared, but the site 1s still marked 
by the ruins of a temple, which occupy a shght elevation 
on the mght bank of the mver Bradanus, about 2 miles 
from ts mouth The surrounding plain, so celebrated in 
ancient timea for its fertility, 13 now desolated by malaria, 
and almost unmbhabited , and the remains of the city itself, 
between the ate of the temple and the sea, are in great part 
buried in the alluvial depomts of the neighbouring mvers 

Some excavations were carned on upon the spot by the 
Duo de Luynes m 1828, and the results of his researches 
were published hy him in a special work (Méaponie, fol , 
Pans, 1833), ° 
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METASFASIO (1698-1782) Pietro Trapasm, the 
Ttalfen poet who 1 better known by his assumed name of 


Metustasio, was born in Rome, January 6, 1698 His 
father, Felice Trapassi, a native of Assisi, came to Rome 
and took service in what was termed the Corsican regiment 
of the papal forces He subsequently married a Bolognese 
woman, called Francesca Galasti, and establahed himself 
m busmess as a sort of grocer in the Via de: Cappellan, 
Two sons and two daughters were the frmnt of this marnage 
The eldest son Leopoldo, must be mentioned, since he 
played a part of some importance in the poet's life 
Pietro, while quite a child, showed an extraordinary talent 
for improvisation, and often held a crowd attentive mn the 
streets while he recited impromptu verses on a given subject. 
It so happened that, while he was thus engaged one evenmg 
in the year 1709, two men of high distinction mm Roman 
society passed by and stopped to hsten to his declamation. 
These were Gian Vincenzo Gravina, famous for legal and 
literary erudition, famous no less for his dictatorship of the 
Arcadian Academy, and Lorenzim, a critic of some note 
Gravina was at once attracted by the boy’s poetical talent 
and by his charm of person, for little Pietro was 
with agreeable manners and considerable beauty The 
great man interested himself in the gemus he had accident- 
ally discovered, made Pietro his protegé, and in the course 
of a few weeks adopted him Felice Trapasa was glad 
enough to give his son the chance of a good education and 
introduction into the world under auspices so favourable. 
Gravina, following a fashion for which we may find pre- 
cedents so illustrious as that of Melanchthon, Helleniszed 
the boys name Trapassi into Metastasio, and this name 
remained with him for life Gravina intended his adopted 
son to be a jurist hke himself He therefore made the boy 
learn Latin and begin the study of law At the same time 
he cultivated his literary gifts, and displayed the youthful 
prodigy both at his own house and in the Roman coteries. 
Metastasto soon found himself competing with the most 
celebrated improvisaton of his time in Italy Days spent 
in severe studies, evenings devoted to the task of umprovis- 
mg eighty stanzas at a single session, were fast 
Pietros health and overstraining his poetic faculty At 
this juncture Gravina had to journey ito Calabma on 
business He took Metastasio with him, exhibited him in 
the hterary circles of Naples, and then placed him under 
the care of his kinsman Gregorio Caroprese at a httle place 
called Scaléa In country air and the quiet of the southern 
sea shore Metastasios health revived It was deereed by 
the excellent Gravina that he should never unprovise a 
hne again His great facility should be reserved for 
nobler efforts, when, having completed his education, he 
might enter into competition with poets who had be 
queathed masterpieces to the world 

Metastasio responded with the domlity of a phant nature 
to his patron’s wishes At the age of twelve, while attend. 
ing to classical and legal studies, he translated the Jhed utto 
octave stanzas, and two years later he composed a tragedy m 
the manner of Seneca upon a subject chosen from Trissno’s 
Itaha Liberata—Gravina s favounte epic It was called 
Geustno Gravina had it printed in 1713, but the play = 
lifeless , and forty two years afterwards we find Metastame 
writing to his publisher, Calsabigi, that he would willingly 
suppress it Caroprese died in 1714, leaving Gravma ha 
heir, and in 1718 Gravina also died Metastamo mherited 
from the good old man a property, consisting of house, plate, 
furniture, and money, which amounted to 15,000 scudi, er 
about £4000 At a meeting of the Arcacan Academy, 
amid the tears and plaudits of that learned audience, he 
recited an elegy on the patron who had been to hum eo true 
& foster-father, and then settled down, not 1t seeme wathout - 
real sorrow for his loss, to enjoy what was no inconaydershilp 
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fortune at that period Metastasio was now twenty 
During the last four year. he had worn the costume of 
abbé, having taken the minor orders without which it was 
then useless to expect udvancementin Rome His romantic 
history, personal beauty, charming manners and distin 
guished talents made bim fashonable That hcfore two 
years were ont he hid spent his money and increased his 
reputation for wit will surprise no onc Fle 1 ow very 
sensibly determined to quit a mode of Ife for which he 
was not born, and to apply himsclt scuously to the work 
of his profession Accordingly he went to Naples, and 
entered the office of an emment lawyer named Cistagnola 
It would appear that he articlod Jumsclf a cerk, for 
Castagnola, who was 4 stern master avasc to literary 
triflmg, exorcised scvere control ovcr his time and energies 
While slaving it the Jaw Mctastisio did not wholly nuslect 
the Muses In 1721 he composed an eqithalamium, and 
probably also his fn t musical serenade, Fa limaonc, on the 
occasion of the marriaze of his patroness the Princess 
Pinelli di Sinzio to the Marchese Bulmonte Pienatelli 
But the cvent which fixed his destiny ws the following 
In 1722 the buthday of the empress had to be celebrated 
with morc than ordinarv honours, and the viceroy applied 
to Metastasio to compose 4 sercnita for the occasion He 
accejited this invitation with mingled delight and trepida 
tion, for Castagnola lovked with no favour on lus clurk s 
poctical distractions Jt was uranzcd that his authorship 
should be kept a profound secict — U ndea these conditions 
Metastasio produccd G41 Ort Esparrd: Set to music by 
Porpora, it won the most catraordinary applause The 
great Roman prima douna, Maiiinna Bulgarelli, called La 
Romanina from her buthplace who had playcd the part 
of Venus in this diam wis so cnrapturcd with the beauties 
of the libretto thit she spued no ] uns until she had dis 
covered its author ‘Asked pomt blank whethe he had 
not written the words of the successful play, Wetastasio 
was obliged to answer Yes) La Romamna forthwith took 
possession of lim, mduced him to quit his liwyer s office 
and promised to secure for him fimc and independence if 
he would devote his talents to the musical drama It was 
thus that the opera alrewd} partially developed by the 
Cesarean poct, Apostolo Zeno, attained perfection The 
nght main had been found for maturing this form of art 
which the genius of the vse demanded, but which was still 
but mcomplete In La Romaninis house Metastasio 
became acquainted with thegreatest composers of the day,— 
with Porpora, from whom he took lessons in music, with 
Hasse, Pergolese, Scarlatti, Vinci Leo, Durante, Marcello, 
all of whom were destined in the future to et his plays to 
melody Here too he studud the art of singing, and 
learned to appreciate the stylc of such men as Farmnelli 
His singularly pliant genius discerned the conditions which 
the drama must obey in order to adapt itself to music in 
the stage it then had reached Gifted himself with eatra 
ordinary facility 1n composition, and with 1 true poctic 
feeling, he found no difficulty m producin,s plays which, 
while beautiful in themselves, judged merely as works of 
literary art, became masterpieces as soon as their words 
were set to music, and rendered by the singers of the 
greatest school of vocal art the world has ever seen Read 
ing Metastasio in the study, 1¢ 15 impossible to do him 
justice Our only chance of rendermz him a portion of 
18 due 1s to approach these lyrical scenes—so passionate 
in their emotion, so cunningly devised for musical effect— 
with the phrases of Pergolese or Pacsiello mnging in our 
ears, and to imagine how a Farinelli or a Caffariello voiced 
those stanzas which demand for their artistic realization 
the “linkéd sweetness long drawn out ’ of melodies as the 
Ttahan school developed them In short, Metastaxio 15 a 
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of music The conventionality of ali his plots, the 
absurdities of many of his situations, the violence he does 
to history m the persons of some leading characters, his 
“damnable iteration” of the theme of love in all its 
phases, are explained and justified by music He can still 
be studied with pleasure and profit But our only chance 
of understanding the cosmopolitan popularity he enjoyed 
1s by remembering that at least one half of the effect he 
aimed at has been irrecoverrbly lost 

Mctistasio resided with La Romanina and her husband 
im Rome The generous woman, moved by an affection half 
maternal half romantic, and by a true artists admiration 
for so rare a talent, adopted him more passionately even 
than Gravina had done She took the whole Trapassi 
family—tfather, mothea, brother, siste.s—1nto her own house 
She fostered the poct» genius and pampered his caprices. 
Under her influence he wrote m rapid succession the 
Didone Abbandonatt, Caw in Ctrea, E10, Alessandro 
nell _Indve, Semuanide Ruonoscriuta, Siroe, and Artaserse. 
These dramas were set to music by the chief composers of 
the day, and performed in the chief towns of Italy Every 
month added to Metastasios rnown Dut meanwhile La 
Romanina was growing older she had ceased to sing in 
public , and the poet felt himself more and more dependent 
in an irksome sense upon her kindness He gained 300 
scudi (about £60) for each opera, this pay, though good, 
was precarious, and he longed for some fixed engagement. 
Abandoning himsclf gradually to despondent whims and 
fancies, 1t became clear that some change in his condition 
was desnable And the opportunity for a great change 
soon presented itsclf In September 1729 he received 
the offer of the post of court poet to the theatre at Vienna, 
with a stipend of 3000 florins This he at once accepted. 
La Romanina unselhshly sped him on his way to glory. 
She took the charge of his family in Rome, and he set off 
for Austria 

In the eaily summer of 1730 Metastasio settled at 
Vienna in the house of a Spanish Neapolitan, Nuiccold 
Martinez, where he residcd until his dcath This date 
maiks a new period in his artistic activity Between the 
years 1730 and 1740 his finest dramas, Ad zano, Demet) vo, 
Lssip cle, Demotuonte, Olimpnade, Clemen a dt Tito, Achille 
am Sciro, Temastocle, and Attilio Regolo, were produced for 
the imperial theatre Some of them had to be composed 
for special occasions, with almost incredible rapidity—the 
Achille mm eighteen days, the [penmnestra in mune __ Poet, 
composer, musical copyist, and singer did thew work 
together in frantic haste The impress of the peculiar 
circumstances under which they were created 1s still left 
upon them, not only in negligence of style, but also in an 
undefinable quality which marks them out as products of 
collaboration But what must always surpmise us 1s that 
they should b&as good as they are Metastasio understood 
the technique of his peculiar art in its minutest details 
‘The experience gamed at Naples and Rome, quickened by 
the excitement of his new career at Vienna, enabled him 
almost instinctrvely, and as 1t were by inspiration, to hit the 
exact mark aimed at in the opera 

At Vienna Metastasio met with no marked social 
success His plebeian birth excluded him from aristocratic 
circles But, to make up in some measure for this com 
parative failure, he enjoyed the mtimacy of a great lady, 
the Countess Althann, sister m law of his old patroness the 
Princess Belmonte Pignatelli She had lost her husband, 
and had some while occupied the post of clef favourite tc 
the emperor Metastasio’s liaison with her became so cloge 
that it was even believed they had been privately marned 
From his letters to his friend La Romanina, and to the 
great singer Farmelli, who reigned supreme at the court 
of Madiid, we learn the little details of the poet’s life 
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its wearisome monotony, and come to comprehend his | 
character, at once generous and timid, selfish and amiable, 
prudent almost to excess of caution, and personally cold in 
contradiction with the fervour of his sentimental muse 
The even tenor of this dull existence was broken in the 
year 1734 by the one dark and tragic incident of his 
biography It appears that La Romanina had at last got 
tired of his absence Little satisfied with his friendly but 
somewhat reticent communications, impatient to see him 
once agai, inquisitive perhaps about the terms on which | 
he hved with his new mistress, she resolved to journey to 
Vienna Could not Metastasio get her an engagement at 
the court theatre? The poet at this juncture rcvealed his 
own essential feebleness of character To La Romania he 
owed almost everything as a man and as an aitist =But 
he was ashamed of her and tired of her He vowed she 
should not come to Vicnna, and wiote dissuadins he: from 
the projected visit The tone @f his letters alarmed and 
uritated her It 1s probable that she set out from Rome, 
but died suddenly upon the1vad Nothing can be said tor 
~ certain about her end, or about the pait which Metastasw 
may have played in hastening the catastiophe All we 
know 1s that she left him her fortune after her husband’s 
hfe interest mn 1t had expned, and that Metastasio, over 
whelmed with gnef and remoisc, immediately renounced 
the legacy This disinterested act plunged the Bulgarelli 
Metastasio household at Rome into confusion Li 
Romininas widower married again Leopoldo Tiapassi, 
and his fathe: and sister, were thrown upon then own 
resources The poet in Vienna had to bear thur angry 
expostulations upon his ill timed generosity, and to augment 
the allowances he made them 

As time advanced the life which Wetastasio led at 
Vienna, together with the climate, told upon his health 
and spirits From about the year 1745 onwaud he wites 
complainmgly of a mystelous nervous ulnes, which 
plunged hun into the abyss of melancholy, intei fered with 
his cieative energy, and constantly distressed him with the 
apprehension ot a gencral Incakdown He wiote but 
httle now, though the cantatas which bclons to this 
period, and the canzonct Ec o quel fiero 1 tante, which he 
sent tu lus friend Taimelh, 1amk among the most popula 
of lis productions It was clcai, as lis litest and most 
geniil biogiapher, Vernon Lee, has phrased it, that ‘what 
ailed him was mental and moral ennu’ In 1739 the 
Countess Althann died, and VMetastasio was more than ever 
teduced to the socicty which gatheicd 1ound him im the 
bowgeois house of the Waitinez He sank iapidly into 
the habits of old age and, though his hte was piolonged 
till the year 1752, very littl can he said about it On 
the 12th of April he died, bequeathing his whole fortune 
of some 130,000 flouins to the five Cildien ot his friend 
Martinez He had survived all his Itahan relatives 


During the long purtod of forty years in which Vetast 110 may be 
almost said to hive oveilived his o1ijmmality and cieitive powers 
his fume wont on inviewing In his ibiary he counted ws miny I» 
forty editions of his own wotks = Lhey had been tianslite | into 
French, Lnglish, German, Spamsh even imto Modern Gack They 
had been set to music ove: and ovcr agun by every comp osc of 
distinction, each opera recerving this honom m turn from several 
of the most Ulustiious men ct Larope ‘Thev had been sung by the 
best vutnosi in every capital, from Madrid to St Petersburg, from 
London to Constantinople The cutics of all nations vied in 
lasing Mctistasio s cicdit to the shies = here wis not a liters 
academy of note which had not contecd on him the honour of 
membership Strangers of distinction pissing throush Vicnns 
made 4 point of paying their respects 10 the old poct rt his lodgings 
in the Kohlmaikt Gasse Letters of congratulition, adulation, 
sympathy, respect, condolence, poured mm upon lim = And yet, 
during the whole of this long period, he wis gradully outliving the 
artistl. conditions upon whi that fame was ieally founded — It 
has been already pomted out that Mctastasio cannot rank a» 2 pot 
in the unqualified sense of that word, but as a poet collaborating 
with the musica] c8mposer and performer. His poetiy, further 
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more, was intended tor a curtain stvle of music—for the music of 
omnipotent voralists, of thaumaturgical soprani With the changes 
effected 1n the musical drama by Gluck and Mozart, with the 
development of orchestration and the rapid growth of the German 
manner a new type of hbretto came imto request Metastasios 
plays fell into undeserved neglect, together with the mus to which 
he had linked them = Farmclh, whom he styled ‘‘twin brother, ’ 
was the tiue exponent of his poetry , and, with the abolition of the 
class of singers to which Fannelli belonged, Metastisi0s music 
suffered eclipse Itwas indeed a just symbolic instinct which made 
the poet dub this unique soprino his twin brother 
The musical drama for which Mctastasio composed and in work 
ig for which his genius fcunl its prope: spherc, has so wholly 
pissed away that 1t1s now difhcult to assign his true place to the 
poct in [tal literary history Compare Uwith Shakespeare, or even 
with Rica, he hardly merits the title of 1 drain tist His mspra 
ti n was essentiilly emotional ant lyiical Instead of creating 
charicters he created situ itions for the display of vay vanied feel 
ings for ul the feelings in fit to which melody alhes itself But 
in doing this he showed a capible playwrights fi ulty His per 
soniges ut andre utuzpon eich other Lharcharictas though not 
in humony with history o1 fact) ue clearly traced and cleverly sus 
tamcd = Fach of the dram itis pusone 13 in emotion in ainate and 
consistent rdmuably fitted for musical cflect and contrast The 
elash ind combit of passions ve vividly presented, with the smallest 
y sstble capenditure of thetonc, m the dialogs mtended for 
1 aititive Tlie climax of emotion 15 cadenced 1m y propriate 
stinvas with simp] Tut cflectave imagery at the lose of each 
unportint sune ‘Lhe clicf dramatic situations are expressed by 
lyits for two o1 thie voi cs, embodying the several contending 
}. 2 ds of the wents ti usht into confit by the cncumstances of 
the pl t Ih total. at i not pur hterature, but litcrature 
uplemely fitfcrmus: aeff t  Tarzaiie in Mctastasio s hands 1s 
xquisitely pur and Timyil Ot the Itiliin pocts, he }rofessed a 
spe iil udimimationfar fas >and for Want Lut he weaidcd the con 
its of the latter in wis n> masta over the refined richness of the 
fnmers diction Hiscwustyl aveilsthe amprovisitor ¢ faerlity 
Or the Fatiny ct 1} stult 1 Ovid with the »citest pleasure, and 
hemthisypt dd tis ne cf lis own hterary qualities may be de 
yt Th y Untr rules f Autstotelin poet: s never touched an 
utist Who relt hist av citi nt be the intery ret ition of music 
] rhustoucal picpuety fi the psy heloy of character for umty of 
}! t forpr tubihtyctim al ut, hehivl supreme dis: gard Itwas 
inde L Ins ment to hi th uded all these consileritions — His 
y try was the tw non ter cf Itchan melols, and he wis nyzht m 
thitimjentuely t mais: and aeticnen the stage torent rh scon 
ceptiusvitu Wht the fae 1 une t duane his own Iitetime, 
whil the musi al systan to whi hohe sa ahmated das 2 nins wa 
yet living he dis sae low when ws now he must be studied by 
rerilas wlo hwe only atant nt lun cencecytion of that 1 enshed 
wt Tor sweetness ct vor uh aun for limpidity of diction for 
dhovy of sentiment f 1 iominti caturtions cxqupitcly rendered 
in the simplest style ind far ae tam dchcate beauty cf amigery 
Sometimes soumn, t tou sullimity he desc s to he vy preciated 
$0 long as the It an] niu lasts 
There arc numercn cditiens $f Metasta 
1” Yy ds Sy put) Pot oa der hs 
fwounte Ancerof funn lo« niath: lof baa 180 deserve mention 


1 3 sthumousw rho were pont ta Vienna l hee 1 ted ¢ hitons of 
Gen 2 180? nidalur INL willyr ts 


swoaihs That ty Cal at a1 Fars 
Wh supcrintendenes wis the pret s 


iwook shchthiows vfic dcf lpht uy n the devclcpnentcf Italian drat ate 
Tausic ind upon the place ccupud ty Metastasio m the autistic movement f the 
list ccntury (F AS) 


METCALFY, Cranirs THFOPRITUs Mic irk Baron 
(1753-1046), a distinguished administiator, was born 
at Calcutta on January 30 1743, he was the second son 
of Thomas Theophilus Metcalte, then a major in the 
Bengal army, who afterwards bucame a director of the 
East India Company, and was created a baronet in 1802 
Having becn educated at ton, where he read extensively 
he in 1800 sailed tor India as a writer in the service of the 
Company After studying Onental languages with success 
at Lord Wellesley 5 colleze ot Fort Wilham, he, at the aze 
of sixteen, recerved an appamtment as assistant to Lord 
Cowley, then resident at the court of Sindhia im 1802 
he became assistant in the ofhce of the cliet secietary , in 
1803 he was transferred to that of the governor general, 
and in 1806 to that of the commander in chief On August 
15, 1806, he became first assistant to the resident at Delhi, 
and in 1808 he wasselected by Lord Minto for the difficult 


post of envoy to the court of Ranjit Sinh at Lahore, here, , 
YVT _ ra 
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on Apnil 25, 1809, he successfully concluded the important 
treaty securing the mdependence of the Sikh states between 
the Sutle) and the Jumna Four years afterwards he was 
made principal resident at Delhi, and in 1819 he 1ecerved 
the appointments of sccretary in the secret and political de 
partment, and of puvate ecretary to the govurnor general 
(Lord Hastings) Fiom 1820 to 1823 Sir Charles (who 
succeeded his brother in the baronetcy in 18.22) was resident 
at the court of the nizam, but im the latte: car he was com 
pelled by the state of his health to retire from active service , 
in 152» however, he was so far restored 1s to undertake 
the residency of the Delhi teimtorics [wo years after 
wards he obtained a scat in the supreme council, and in 
February 1835, after he had for «mc time been governor 
of Agra, he, as senior member of counal provisionally 
succeeded Lord William Bentinck im the governor gencral 
ship During his brief tenure cf office (at lasted only till 
March 28, 1836) he onginated o cuned out several 
important incasurcs, mcludin,, that for the hbcration of the 
press, which while almo+t universally popular, complicated 
fus relation with the directcrs at home to such an extent 
that he withdrew fiom the service ct the Compiny in 1836 
In the tollowimg year he was apy ointed 1} the Melbourne 
administi ition tc the »overncr Inj of Jamaica where the 
dithculties cicated by the recent passing of the Nexo 
Tm n aation Act had ealled for a high degree of tact and 
ability Sn Charles Metcalfes success in this delicate 
position wis very marked (sce vol xm p 551) but unfor 
tunately his health compelled his resignation and return to 
England in 1842 Six months afterwards he was appomted 
by the Peel ministry to the governor zcneralship of Canada 
and his success im carrying out the poliev cf the home 
Govermucnt was rewuded with a j eerie shortly after his 
retunim1S#5 Hedid at Malshanga, neir Basmgstohe 
Septemba 5, 1846 See T Wo hayes Lite and C rie 
spon len ct Charles 111 Veterlte London, 164 
METLLLUS the name of the most important family of 
the homan pleberan gens C calla They tose to distinction 
dun, the Second uni War and \ vvius satiized them 
QuINIts CRULIUS MEIKLIUS MACEDONICLS, preton 
14% B« in Macedonia, defeated Andriscus m two battles, 
and toiced him to surrender He then supermtended the 
conversion of Macedonia into a Roman province = He tried 
unsuccesstully to mediate between the Achzan leajue and 
Spita, but, when the Achaans advauced he defcated 
them easily near Scarphema Mummuius soon after supe 
seded him, and ieturning to Italy be triumphed m 146 
Consul in 144, he reduced noithern Sjam to obcdience 
In 131 censor with Q Pompeus (the fist two jlelerain 
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Quintus Caciivs Merriius Pros, so called from his 
efforts to restore his father Numudicus, commanded im the 
Social War, defeating Q Pompedius (88 Bc) Sulla on 
departing gave him proconsular command over South 
Italy When Marius returned, the soldiers, who had no 
confidence mm Octavius, wished Metellus to command, but 
he refused Metellus retired to Africa and afterwards to 
Liguria, resuming his former command on Sulla’s return 
In 86 he gamed a decisive victory over Norbanus at 
Faventia In Sullas prosciiptions he pleaded mm favour of 
moderation Consul in 80 with Sulla, he went to Spain 
next year against Sertorius, who piessed him hard till the 
arrival of Pompeus in 76 Next year Metellus defeated 
Saitoriuss heutenant Hirtulems at Italica and Segovia, 
and joining Pompeius rescued him from the consequences 
of a check at Sucro Irom this tame Sertorus grew 
weaker till his murder in 72 Metellus had previously 
sct a price on hishead J 71 he returned to Rome and 
tuuumphed He was an upmght man, of moderate ability 

Quintus Cxciics Muruttus Pius Scipio, son of 
Scipio Nasica, was adopted by the preceding He was 
accused of bribery in 60 Bc, anddefended by Cuero In 
August 52 Pomperus procured him the consulate Scipio 
m icturn supported Pompous, now his soninlaw On 
wir being 1csvlved on, Sc1p10 was sent to Syi1a = Has extor 
tions were excessive, and he was about to }lunde: the 
temple of Artums at Cphesus when he was recalled by 
Pompe. He commanded the ccntre at Pharsalus, and 
afterwaids went to Afiica, where by Catos influence he 
received the command In 46 he was defeated at 
Thapsus im his flight to Spain he was stopped by a cor 
sair and stabbed himelf His connexion with two gitat 
familtes gave him importance but he was selfish and 
licentious, and his violence drove many from his paity 

QUINTUS C BULIUS METKLLUS CLIER, praetor 63B¢ , was 
sent to cut off Catilines reticat northward Consul in 61, 
his personil influence jrevented the holding of the Com 
pitalia which the senate had forbidden and the tribunes 
jernutted He opposed the agraziin law of the tribune 
J Flavius, and stvod firm even though impmsoned the 
law had to be given up He also tried, though fruitlessly, 
to obstruct Cwesus agrarian law m 39 He died that 
year under suspicion of poison given by his wite Clodia 

MFTEMPS’ CHOSIS, the transmigration of the soul, 
as an mmmortal essence, into successive bodily forms, either 
human oranmmal This doctrine, famous 1u antiquity, and 
oue of the characteristic doctrines of Pythagoras, appears 
to have onginated in kgypt This indeed 1s affixmed by 
Herodotus (un 123) —“The Egyptians are, moreover, the 


censo1s), he proposed that all citizens should be comy clled | fiist who propounded the theory that the human soul 1s 1m 


to marry He was a moderate reformer and was con 
sideicd the model of a fortunate man before hi death 
m 115 three of his sons had been constls one censo1, and 
the fourth was a candidate for the consulship 

Quintus (acTLITS METITLUS NUMIDICUS whose repu 
tation for integrity was such that when he wy aceuscd cf ex 
tortion the yu1y 1¢fused to caamine his accounts was sclected 
to command izainst Jusutla im 109 pc He sul jected 
the army to ud discipline and aimed sIcly at scizing 
Jugurtha himelf he defeated the Jim, by the ma 
Muthul, and next year afta: . difheult march thie ugh the 
desert, took hi stronh ld Thila Manus howe cr, 
accused Metellus of pr otractinz the war and icreivcd the 
consulate for 107 “etellus returned te Tome and 
tmumphed Saturninus whem as cons be trad to 
remove from the senate prssed in 100 an a,iat an law, 
Inserting @ provision that all senators should swcat to it 


moital and that when the body of any one perishes it 
enters into some other creature that may be born ready to 
1cceive it, and that, when it has gone the 1ound of all 
cieated forms on land, in water, and 1m ar, then 1t onca 
more enters a human body born fo. it, and this cycle of 
existence for the soul takes place in three thousand years ’ 

Plato, mn a well known passage of the /’hedrus, adapts, 
as was his wont, the Pythagorean doctrine to his myth or 
allegory about the soul of the philosopher That soul, he 
says, though it may have suffered a fall im its attempt to 
contemplate cclestial things, still 1s not condemned, in its 
fust entrance into another form, to any bestial existence, 
but, according to its attainments, ze, tothe progress wluch 
it has made in 1ts aspiration for celestial verities, 1t parses, 
1 nine distinct grades, into the body of some one destined. 
to become a philosopher, a poet, a king, a general, a sux, 
de or, if very inferior, 1t will animate a sophist or an 


within five days All complied but Metellus, who retued | autocrat (rvpavvos) Plato extends the cycle of existence 
to Asta After Saturnmus was killed, he returned, but to ten thousand years, which 1s subdivided ito periods of 


: hed shortly after under suspicion of poison 


a thousand years, after the lapse of which the souls undergo. 
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judgment, and are admitted to everlasting happiness or 
condemned to punishment! It 1s after the period of a 
thousand years, he adds, that the human soul comes into 
a beast, and from a beast again into a man, if the soul 
originally was human 

Pythagoras, who was said to have travelled in Egypt,? 
brought this fantastic doctrine to Magna Grecia, and 
made it a prominent part of his teaching He declared 
that he had himself been Euphorbus, the son of Panthus, 
in the time of the Trojan War, and had successively 
inhabited other human bodies, the actions of all which he 
remembered» Closely connected with his theory of metem 
psychosis was his strict precept to abstam from animal 
food, even from eggs from some kinds of fish, and (for 
some unknown, probably symbolical, reason) trom beans 4 
There can be no doubt that the Egyptian custom of pre 
serving the mummies of cats, crocodiles, and some other 
creatures had its origin in thc ®iotion that they had becn 
wnhabited by souls which imght some day claim these 
bodies for their own We cannot suppose that Plato or 
the later Greeks rm uly buleved in the transmigration of 
souls, though there are many allusions to 1t genualls of a 
somewhat pluytul chiracter Thus Menandcr in the play 
called The Inyucd Woman? (@copopovpern) supposes 
some god to sav to um old man, Crato ‘ When you dit 
you will have a second cxistence choose what creature 
you would hke to he dog, sheep, goat hore o1 man’ 
To which he replies ‘ Wake me anythin, iathcr than a 
min, for he 1s the only ucature that prospus by myustice 

Absurd and fintastu as such 1 doctune a metem 
psychosis appeus it fast sight to be, 1t was im reality a 
logical deduction trom primitive ideas about the nature of 
the soul It 15 necessary to explain these iders (which 
have unpcitant bearmgs on other questions) in order to 
show thit metcm) sychosis was almost a necessary corollary 
to the bchet that the soul was the vital 0 animating prm 
ciple,—that the one distinction between organic and inor 
ganic was the cxistence in the forme: of a Wuxy 

The differcnce }ctwecn a dead body and a hving body 
—or rather, one principal difference—was that the lbvmg 
animal breithud and 1t was observed that, as soon as the 
breath ft the body, not only did warmth and motion 
cease, but the body began to decay Life, therefore, was 
breath, an opinion tacitly expressed by the Gieek aid 
Roman vocabulary, animus, anima (dvepos) uryy tretpa, 
gardus But breithais an, and air 1s cternal and umperish 
able in its very natme = Therefore the “soul, or portion 
of air which gave animation to the body, did not j ish at 
the dissolution of the body, but it was 1ctuined to the 
element of which it was composed, and out of which it 
came It followed that, from the countless milhons of 
‘ souls” emanuprted from bodies mm all time, and still 
flitting about mvisibly m space, the air must litcrilly 
swam with soul—a doctrine tauzht by Pythagoras & 
Hence, any cieature, human or bestial, that first diew the 
breath of life, might, so to say, swallow a soul, 7¢, take m 
with the act of respnation the very same particles of air 
which had animated sometorme: body Tor, althouzh the 
soul was air, and returned to its hindicd element, 1t was 
supposed to 1etain a pecuhar character m itellgence 


1p 249 4 Comp kv xv 2 18, Vung, Fi vi 745 ‘Donec 
longa dres peitecto tempoms che concretam eremit Jalim,’ &c 

* Diogen Lacit, v1 1 3 Lucian, Gallus & 18 sq whee the 
doctrine of mctempsvchosty ant the stories about the pre ealstence ot 
Py thagoias aie wittily satiized 

3 Lucian Gallus, §§ 4, 0, Diodor Bic 1 §§9 10 Ho Od 1 
28,10 ‘ hatentque Tartay Panthoiden iterum 01 > dem sum 

“ Gallus, 19,33 For fanciful reasons for the probit ition of beans, 
see Lucian, Vitarwn Auctio, § 5 5 Krag 222, Memeke 

§ Diogen, Laerty viu. 1, § 8%, ela: xdvra tov aepa yuxor 
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(hpovyets), remembrance vu: the past, and knowledge anc 
experience gained insome former existence Any creature 
which first breathed might or might not inhale this or thai 
soul, yust as a net thrown into the water may catch this 01 
that fish, or no fish at all But if no “soul ’ was mhalec 
the creature was believed for that reason to die, and the 
different degrees of mtcligence observed mm different mer 
and animals led to the notion that there must have beer 
a difference in the souls that first animated them Ever 
the belief that the soul, especially near the time of dissolu 
tion from the body, could foretell future events was basec 
on the notion of mtelligence and consciousness resulting 
from experiences of the past ~ 

As all the science of modern times cannot say precisely 
what life 18, nor how it first came upon this earth, it 15 no! 
wonderful that so obvious, thongh wholly erroneous, ar 
explanation should have presented itself to primitive mat 
when first he began to inquire into the causes of things 
The extension of life, by the same term yyy, to plants anc 
apparently non breathin, thin,ss, which, however, had birth 
giowth, and death, was a devclopmcnt of a philosophic age 
and we are not surprised to find Aristotle recognizing oni 
fom of life as cegetable, @vrixov® The irrational confusion 
of “soul wath sentient bodily functions, the attribution t 
spits (eidwAa) of motion, speech, or other muscular anc 
matetial action, thouzh still common, while metempsychosy 
1s derided or forgotten, 15 1n reality, perhaps, a less excus 
able superstition 

The Romans mherited the doctrine of metempsychosn 
from Innis, the poct of Calabria, who must have beer 
tan ihar with the Greek teachings which had descended t 
his times from the cities of Magna Giacia In his Annala 
or Roman history in versc, Fnnius told how he had seer 
Homer in 2 dieam who had assured him that the sam 
soul which had amnmartcd both the pocts haa once belonge: 
to a peacock, a story that nught seem to mdicate India) 
traditions The Paer Pythayoreus and the Somna Pytha 
gore ue rcferrcd to by Perstus and Horace as well as b: 
Luerctius ’ 

Theonles susgesting element worship naturally led to th 
notion that au and ether (upper air) were divine! Hence 
every soul, as beng but a portion of 1t, was in itself divine 
and therefore rmmortal We thus sce that the doctrine o 
the immortality of the sul, whether attained by a soun 
or & Victous course of 1¢ soning, Was an inevitable conelr 
sion for carly thinkers Panthenm taught that all th 
universe was pervaded by a divine mind, and Virgil eite 
the opmion of some, that the intelligence of bees was du 
to a portion of this universal mind reviding in them, a viet 
closely allied to the doctiine of metempsychosis # A divin 
thing mht be polluted but not destroyed hence th 
notion of puifying souls by airmg them or burmng awa 
a material defilement 3s enlarged upon by Virgil in th 
sixth book of the nerd (724 s7) (F 1 P) 

METEOR, METEORITE ‘The term meteor, in ac 
coidance with its ctymlogy (perewpos), meant originall 
something high in the m~— It has becn apphed to a larg 
vatiety of phenomeni most of them of bmef duratior 
which have place in the atmosphere Disturbances 1n th 
air are aerial meteois, viz winds, tornadoes, whirlwind: 
typhoons, huimeanes, dc The vapour of water in th 
atmosphere creates by its forms and precipitation, th 
aqueous meteor, 11z, clouds, fogs, mists, snow, rain, hail 
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&e The effect of hght upon the atmosphere and its con 
tents causes certain luminous meteors, viz , rainbows, halos, 
parheha, twilight, mirage, &c Discussion of all these, and 
of like phenomena, belongs to Mrrzorooey (g ¥ ) 

Another class of luminous meteors, known as shooting 
or falling stars, fireballs, bolides, dc, have then place in 
the upper parts of the atmosphere But by reason of 
their origin from without they, and the aerolites or meteor 
ites which sometimes come from them, belong properly to 
astronomy The term meteor 1s often used in a restricted 
sunse as meaning one of these latter phenomenr The 
y resent article will treat of them alone 

The most remarkable of the meteors (and the most 
instructive) are those which are followed by the falling of 
ptones to the earth ‘Ihcsc have since the beginning of 
the present century attracted so much attention, and the 
phenomena have been so frequently examined and desciibed 
by scientific men, that they are very wcll understood The 
circumstances accompanying the fill of stones are tolerably 
uniform <A ball of fire ciosses the sky so bright as to be 
visible, if it appears m the daytime sometimes even at 
hundreds of mules from the meteor and 1f 1t appeus in the 
night 1t 15 buzht enough to hght up the whole landscape 
It traverses the shy zenerally finishing its course in a few 
seconds It suddenly zoes out either: with or without an 
apparent bursting in pieces and after a short period a loud 
detonation 1» heard 1n all the rezion near the place where 
the meteor has disappeared Sometimes only a single stone, 
sometimes several are found For some falls they are 
numbered by thousands About three thousand were 
obtamed from the fall of L Aigle in 1803, scattered over a 
1ezion about 7 miles long and of less breadth A lke 
number was obtained fiom the fall of Knyahinya on June 
9,1866 At Pultusk a still larjer number were collected 
scattered over a larger spice by 1 fall in January 166% 
From the Lmmet county ([owa) fall May 10, 1879, a 
similarly large number have been secured 

These meteors leave buhmd them in the air a cloud or 
tiain that may disappear in a few seconds, or may 1emain 
an hour They come at all times of day, at all seasons of 
the year, and m all regicns of the earth They come 
irrespective of the phases of the weather, except as clouds 
conceal them from view 

Let us describe onc or two of these meteors more in 
detal On the evemmng of the 2d of December 1576 
persons in or near the State of Kansw saw, about eight 
oclock in the evening a bright fucball msmg frcm near 
where the moon then was in the westurn sky ‘It ncieased 
m brilliancy as it proceeded, Lecoming so bri_ht as to 
compel the attention of c«vcry one who was out of decors 
To persons in the northern part of the State the meteor 
crossed the southern sky gumg to the east to those m the 
southern part 1t crossed the northcrn heavens ‘Lo all it 
went down near to the horizon a little to the north of east 
the whole flizht as they saw it occupying not ove: a 
minute 

The same meteo, was seen to pass in nearly the same 
way acioss the heavens from west south west to cast north 
east by inhabitints cf the States of Nebrasha, Irwa 
Missour: Wisconsm Dlinois Vichigan, Kentucky Indiana, 
Ohio, Pennsylvania, and West Virama But besides this 
there were heard neur the meteors path fou or five 
minutes after 1ts passage loud explosions hke distant 
cannonading, or thunder, or like the rattlng of cmpty 
waggons over stony roads So loud were these that pe ple 
and animals were fmghtened Tust of the Vussissippi 
river these explosions weie heard everywhere within about 
60 mules of the meteor’s path , and in Bloomington Indiana, 
sounds were heard supposed to come from the meteor even 
gta distance of nearly 150 mules from it Over central 
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Ilmois it was seen to break into fragment» like a rocket, 
and over Indiana and Ohio it formed a flock or cluster of 
meteors computed to be 40 miles long and 5 miles broad 
The sky in New York State was wholly} overcast Persons 
in Ohio and Pennsylvania, who from their situation 
could look over the cloud last, saw the meteor passing on 
eastward over New York From many places in the 
State 1tself came accounts of rattling of houses, thundering 
noises, and other like phenomena, which at the time were 
attributed to an earthquake 

At one place in northern Indiana a farmer heard a 
heavy thud as of an object striking the ground near his 
house The next morning he found on the snow a stone of 
very peculiai appearance weighing three quarters of a pound, 
which fiom its character there 1s every reason to believe 
came from the meteor By putting together the various 
accounts of observers, the metcor 1s shown to have become 
first visible when 1t was negr the north west corner of the 
Indian Territory, at an elevation of between 60 and 100 
miles above the earth From here 1t went nearly parallel 
to the earths surface, and nearly mm a right line, to a point 
over central New lork During the latter part of 1ts 
course its height was 30 or 40 miles It thus traversed 
the upper regions of the air through 25° of longitude and 
5° of latitude in a period of time not easily determined, 
but probably about two mmutes A part of the body may 
have passed on out of the atmosphere, but probibly the 
remnants came somewhere to the ground in New York, 
or farther east 

A somewhat similar meteor was seen in the evening of 
July 20 1860, by persons m New ork, Pennsylvania, 
New England, dc, which first appeared over Michigan, at 
a haght of about 90 miles The lsht was so bitlhant as 
to call thousands fiom their houses It passed east-south 
east and over New lork State at a height of about 50 
miles, broke into three parts which chased each other acioss 
the sky At New Lok city 1t was seen im the north, 
while at New Haven it was m1 the south At both places 
the apparent altitude was well observed and its true heaght 
proved to be about 42 muilts above the earths surface 
between the two cities It finally disappeared far out over 
the Atlantic Ocean Itis doubtful whether any one heaid 
any sound of explosion that came from this meteor, and 
no part of it 1s known to have reached the ground The 
vclouty was at least 10 or 12 mules per second, or fifty 
times the velocity of sound These two meteors were 
evidently of the same nature as those which have furnished 
so many stones for our museums, except that the one was 
so friable that 1t hav given us but one known frigment, 
while the other was only secn to break in two, not even a 
sound of eaplosion being known to have come from the 
meteor 

Next to the stone producing meteor 15 the fireball, or 
bolide, which gives generally a less brilliant ight than the 
former, but 1n essential appeirances 1s hkeit The meteor of 
July 20, 1860, above described, though unusually brillant, 
was one of this class, and represents thousands of bolides 
which have bccn scen to break im pieces The bolides 
leave trains of light behind them just as the stone meteors 
do, they travel with similar velocitics both apparent and 
actual, and in all respects exhibit only such differences of 
phenomena as would be fully explained by differences in 
size, cohesion, and chemical constitution of stones causing 
them 

Next to the bolide 13 a smaller meteor which appears 
as if one of the stars were to leave its place in the heavens, 
shoot across the sky, and disappear—all within the fraction 
of asecond Some meteors of this cliss are as bnght as 
Venus or Jupiter Some are so smal) that though you look 
directly at the meteor, you doubt whethen you see one or 
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not In the telescope still smaller ones are seen that are 
anvisible to the naked eye Meteors comparable in bright 
ness to the planets and the fixed stars are usually called 
shooting stars 

These various kinds of meteors differ from all other 
fum.nous phenomena so as to stand in a group entirely 
alone Though they have been sometimes regarded as 
separable among themselves into three or four different 
species, and for purposes of descriptior may still be so 
divided, yet they all seem to have a like astronomical 
character, and the differences are only those of bigness, 
chemical constitution velocity dc There appears to be 
no clear line of distinction between the stone pioducing and 
the detonating meteois nor between those heard to explode 
and those seen to break in pieces nor between these and 
the simple fireballs, nor between the fireball and the 
faintest shooting star 

Altatudes of Wet 01s —The Pest important fact about 
the mcteors 13 the 1egion mm which they become visible to 
us In hundreds of instances observations have been 
made upon the luminous path of a meteor at two or m re 
stations many miles apart When such stations and the 
path are properly situated relatively to each other observa 
tions caiefully made will show a parallis by which the 
height of the meteor above the earth the len,th and di 
rection of the path and other hke quantitics may be com 
puted The gcneral result from scveral hundicd instances 
i» that the resion of meteor paths may be in general 
regarded as between 40 and 60 miles above the earths 
suiface Some first appear above 50 miles and some 
descend below 40 miks But an altitude greater than 
100 mules, or one below 2» crcept im the case of a stone 
furnishing meteor must be reguded as very doubtful 
Thus the meteor paths are far above the usual meteoro 
dogical phenomena which (except auroras and twilght) 
have not one tenth of the height of the metcors But 
with reterence to all other astronomical j henomcna they 
are very close to us The comcts for example are well 
nigh a millionfold, and even the moon 1s 4 thousindfold 
more distant from us 

Velo itres of Ueteors —When the length of a lummnous 
path 1s known and the time of describing 1t has been 
observed it 1s easy to compute the velocity in miles 
Unfortunately the large meteors, desciibing long path 
come at rare intervals and uneapectedly and it 1s 1 happy 
accident when one 1s observed by a person accustomed to 
estimate correctly shoit mteivals of time On the othe 
hand the total time of visibility of the shc sting stars 
which come so frequently that they may be watched for 
is usually le» than 3 second = It 15 nct easy t estimate 
correctly such an mterval where the beginnin, wd ending 
arc not marked by somethings hhe ashupch h Hence 
all estimates and computations of velocitics of m teors ale to 
be received with duc 1ezaid to then unceitunty Wemay 
only say in general that the vclocities compute 1 fi m zood 
observations are rarely if ever under S o1 10 mik second, 
or over 40 or 30 milcs ind thit some hive fu greater 
velocities than others The avcraze vlouty seems to be 
nearly 30 miles 

What makes the Luminous VUcteon The cause of a 
meteor 1s now universally admitted to bu something that 
enters the earths atmosphere from without with a 
velocity relative to the earth that 1. comparal le with the 
earths velocity in its orbit, which 1s 19 miles per second 
By the resistance 1t meets in penctrating the air the hght 
ahd other p.anomena of the lummous trun are produced 
Under favourable circumstances, portions of these bodies 
reach the earth’s surface as meteorites 

Meteorovds —A body which travelling im space, and 


which on cones into the arr would nnder favanrahle 
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circumstances become a meteor, may be called a meteor 
oid 

The meteoroids are all sold bodies It would hardly 
be possible for a small quantity of gas out in space to 
retain such a density as would enable 1t on coming into 
the air to go 10 or 100 miles through even the rare upper 
atmosphere, and give us the clear line which a shooting 
star describes Even if a liquid or gaseous mass can travel 
as such in space, it would be instantly scattered on striking 
the air, and would appear very unlike a shooting star or 
bolide 

Numbers of Ueteors —Of the large: meteors there are in 
the mean s14 or eight per annum which in the last fifty years 
have furnished stones for our collections A much larger 
number have doubtless sent down stones which have never 
been found Thus Daubrce estimates for the whole earth 
an annual number of six or seven hundred stone falls 

But of the small meteors or shooting stars the number 
1s very much larger Any person who should in a clear 
moonless night watch carefully a portion of the heavens 
would in the mean see at least as many as eight or ten 
shocting stars per hour A clear sighted and practised 
cbserver will detect somewhat moe than this number 
Di Schmidt of Athens from obseivations made durin} 
seventeen years obtimed fourteen as the mean hourly num 
ber on a cleat mocnle 5 nicht for one observer during the 
hour from mdm_ht tol aw A large ,roup of observers, 
a> has been shown by trial would see at least six times £ 
many as a single }erson By a} roper con ideration of the 
distril ution of metecr }4ths over the sky and in actua! 
altitude in miles so 2 to allow for mists near the horizon, 
it appears that the number over the whcle globe is a httle 
more than ten thousand times as many as can be seen in 
one place This rmj hes that there come into the aur not less 
than twenty millions of bodies daily each of which, under 
very favourible condi‘ions of absence of sunlight, moon 
hight clouds and musts, would furnish a shooting star 
visible to the naked eye Shooting stais invisible to the 
naked eye are often secn in the telescope The numbers 
of meteors if these are included would be increased at 
lea t twenty fold 

Hou den ely Spacers nlled with Vi teor ords —By assuming 
that the absolute velocity of the meteors in space 1s equal 
to that of comets moving in parabolic orbits (we have good 
reason to believe that this 1» neaily then tiue velocity) we 
may prove trom the above numbeis that the a erage number 
of metvoroids in the space that the earth traverses 1s 1m each 
volume equal to that of the earth bout thirty thou-and 
In other words there i in the averi_e to every portion of 
space equal to a cube whose ede 1s about 210 miles one 
meteoioid luge cnou.h to make a1 hooting stu bught 
enouzh to be visible to the wiked eye Such metcoroids 
would upon an equable di tulutin be cach im round 
numbers 20 miles tromits new neachlowm All these num 
bers rest upon Di Schmidt s boa1y number fourteen and 
for a less practised ol sever an] a less clear shy they would 
be conespondingly chinjed How much they would need 
to Le altercd to re, 1escnt otha: puts of space than those 
near the earths orbit 1s a sulject of mference rather than 
of observation 

Motion 1n Spt e—The meteoioids whatever be their 
size, must by the law of gravitation have motions about 
the sun in the same way as the plancts and ¢ mets that 
Is 10 conic sections of which the sun is always at one focus 
The apparent motions of the meteors across the sky mmply 
that thise motions of thc meteoroids relative to the sun 
cannot as a rule be m or near the plane of the ecliptic 
For if they were there, since the motion of the earth 1s also 
in the ecliptic, the motion of the meteoroids relative to the 


earth wanld he wm the cama nilane This woanld mvuniva * 
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that all the meteor patus as seen on the sky would if pro- 
duced backward cross the ecliptic above the honzon In 
fact there 1s no tendency of this kmd Hence the meteor 
oids do not move in orbits that are near the ecliptic as the 
planets do, but lke the comets they may and usually do 
have orbits of considerable inclinations 

Numlirs through the Night —There are more meteors 
seen in the morning hours than im the evening If the 
meteors had no motion of their own m space, the earth 
would by its motion receive the metcors only on the hem 
spherc that was infront There would be no meteors seen 
in the other hemisphere On the other hand if the meteors 
had such large velovities of their own as that the earths 
velocity might be neglected m comparison, and if the 
directions of the meteors motions were towards all points 
mndiscriminately, then as many would be secn in one part 
of the mght as another In fut there sre about three 
times as many secn m the mornmg houts ay in the evening 
The law of change from cvemmg to morning gives a Means 
of proving that the mean velocity of meteors 1s so great 
that they must in general be moving in long orbits about 
the sun In this iespect also the meteoroids resemble 
comets and are unlike planets, im then motions Of the 
stonc furnishing meteors more ae seen in the day than in 
the mght, and more in the earlier hours of the mght than 
in the late: his 13 probably due to the fact that moie 
persons are 1n a position to see the stone falls at the periods 
of greater abundance 

Star Shouers —Whuile the average number of shooting 
stais for a single observe: at midnight may be regarded as 
tolerably constant, there have been special epochs when 
many more have been seen In certain instances the shy 
has been filled with the lummous trains, Just as it 18 filled 
by descending snowflakes in a snowstorm, making a 
veritable shower of fire One of the best-observed, though 
by no means the most brillant, of these showers occurred 
on the evening of the 27th of November 1872 Some of 
the observers of that shower, counting singly, saw at the 
rate of eight or ten thousand shooting star> m the couse 
of two hours The distances of the meteoroids in the 
middle of the swarm which the earth then passed through, 
each from its nearer neighbours, would be 30 or 40 miles 

The following quotations show the impression made by 
star showers in times past — 

‘In the year 286 [of the Hegira] ther> happened mm Dgypt an 
earthquake on Wednesday the 7th of Dhu | kadah lasting trom the 
muddle of the mght until momnming ant so callei flaming stus 
struck one igainst another violently while being borne eastward 
and westw ui northwaid ind southward and no one could bear to 
look toward the heavens on ac «unt of this phenomenon 

‘ In the year 599 [of the Hegua] on the mht of Saturday on 
the last day of Muharram stars shot hithcr and thither in the 
heavens eastward and westwud and ficw agunst one another lhe 
a scattering swarm of locusts to the msht and left ycople were 
thrown into consternation, and cried tc God the Most Hijh with 
confused clamour 

‘These meteors [November 12 1799] might be comy ated to the 
blazing sheaves shot out from a firework 
“The phenomenon was grand ant awful the whole heavens | 

red as if illuminated with shy rockets 


ap 
ovember 13 183 Thich with stieams of roll, fire 
scarcely @ spice in the firmament that was not filed at c ery 


nt 

‘* Almost infinite number of meteors they fell like flakcs of 
snow 

November Meteors or Leones —Thege quotations all refer 
(except possibly the first) to a shower which has appcared 
m October and November of many different } cars since ito 
first known occurrence on the 13th of October 902 4p 
Dates of these showers are given in the follow table — 


Oct 138 902 Oct 17 1101 Oct 28 1602 Nov 13 1933 
Oct 15 931 Oct 19 1202 Nov 9 1698 Nov 14 1866 
Oct 14, 984 Oct. 23 1366 Nov 12,1799 Nov 14 1867 
* Oct 15,1002 Oct 25 1538 Nov 13,1832 Nov 14 1868 
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On several years after 1833, and before and after 
1866-68, there were unusual numbers of those meteors seen 
on the mornings of November 13, 14, and 15, though per- 
haps they would have been unnoticed had there not been 
special watching for them It will be seen that all these 
showers are at intervals of a third of a century, that they 
are at a fixed day of the year, and that the day has moved 
steadily and uniformly along the calendar at the rate of 
about a month in athousand years The change of twelve 
days in the 17th century is due to the hange from old to 
now style 

The only explanation of this periodical display that 1s 
now seriously urged, and the one which 1» universally 
accepted by astronomers, 1s that there i a long thin stream 
of meteoroids, each of which 1s travelling about the sun m 
a conic section These conic sections are all nearly 
parallel, and have nearly the same major ax, extending 
out about as far as to the Orbit of Uranus, and each requir 
ing the common petiod of thirty three and a quarter 
years The length of the stream is such that the most 
advanced membus are six or eight years ahead of the 
hindermost, and they all cross the caith» orbit with a 
velocity of about 26 miles a second Since the earth 
plunges through the group nearly in the opposite direction, 
the velocity with which they ente: the air 1s 44 miles a 


second One of the facts which have gievtly aided us in 


aliiving at this explanation 1s that these meteors im all 
the years and through all hours of the meht cross the sky 
as we look at them in lines which diverge from a pomt 
near the centre of the sickle 1n the constellation Leo , hence 
the paths in the air aie parallel This implies that their 
velocities relative to the sun are all parallel and equal to 
each other The radiation from Leo has given to them the 
name Leonids 

Orlat of the Leonsds —This orbit, common to all the 
Leonid meteors, 1s inclined to the echptic at an angle of 17° 
(or rather 163°, since the motion is retrograde), has a major 
axis of 10 34, a periodic time of 3327 years, and a peri- 
helion distance a little less than unity 

The above orbit, and that alone, explains the several 
appearances of the November meteois, the annual and the 
thirty three yeai periods, the radiation from Leo, and the 
change of day of the month in the course of the centuries 
Thi» it does sv completely that the 1esult has never been 
questioned by astronomers Shortly atte: the publication 
by Professor Adams in 1867 of the last link m the cham 
of the proof of this orbit, there was also published the 
definitive orbit of the comet 1866 I That the comet was 
running almost exactly in the orbit of the meteors was at 
once recognized In fact the comet 15 itself, in a sense, @ 
meteoroid, and the principal member, so far as we know, 
of the group Leonids had been scen in 1863, two years 
and two months in advance of the comet, while those of 
1866 were ten months behind it Those of later years (a 
few Leonids were seen even in 1870) were extended along 
the line of the comets path behind it The leaders of this 
long file of meteoroids had passed up beyond the orbit of 
Jupiter long before those which brought up the rear had 
ciossed that planet’s orbit going down toward the sun, 
The thickness of the stream 1s less than the ten thousandth 
part of its length In the densest part that we have 


| recently passed through—namely, that traversed n 1833— 


the density of the stream may be expressed by saying that 
each meteoroid must in the mean have been 10 or 20 
mules from its nearest neighbours 

What makes this Comet and these Meteors descrebe the 
same Orlnt about the Sun?—Its path might have been 
inclined to the ecliptac at any angle instead of 168°, Or, 


‘ with this melnation, its plane might have cut the earth’s 


orbit at any other place than where the earths on the 14th 
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ef November Or, happening to have these two elements 
in common, it might have passed the earth’s orbit nearer 
the sun or farther away from it than the earth 1s Or, 
having these three things in common, 1t might, by a slight 
difference m velocity, have had a periodic time much more 
or much less than thirty three years Or, with all these 
m common, 1t might have crossed the earth s orbit at a far 
different angle than the meteois These several independ 
ent elements for the comet and the meteors are substan 
tially identical, and this identity proves almost beyond 
doubt that between the two either there 1s now an actual 
or else there has been in the past a causal connexion 
That there 1s now any physical connexion 1s thoroughly 
disproved by the immense magnitude of the stream, and 
by the isolation and distances fiom each other of the 
individual components It seems difficult to find any cause 
that should bring into such a strangely shaped group 
bodies that had originally orbits distnbuted at random 
Hence we are apparently forced to conclude that these 
meteoroids have something common 1m their past history 
In fact they seem to have been once paita of a single body, 
and these common elements are essentially those of the 
parent mass By some process not yet entirely explained 
they have become separated fiom the comet, thrown out of 
the control of its attractive powei, and so left to travel 
each one in its own oibit If the cause of separation was 
not too violent, each new orbit would necessanly be but 
shghtly different from that of the comet Very small 
variations in velocity, and hence in periodic time, would 
in the course of ages scatter the several mdividuals along 
the orbit even to the length of many hundreds of millions 
of miles 
Lhe Meteor Group i not the Comets Tarl —These 
meteoroids must be carefully distinguished from the 
comets tails The former follow o1 precede the comet 
exactly in the comet» path, the particles that compose 
the latter are driven off by the sun» repulsion directly 
away from the comets path The meteoroids and the 
comet have orbits with nearly common elements, thc 
orbits of the particles of the tail have elements that are 
unhke each other and unlike those of the comet The 
meteoroids are undoubtedly solid mass the tails are 
pulverulent or gaseous 
Tin Comets of 1366 —The comet 1066 I 13 probably 
not the only one that has been connected with the November 
meteors In 1366 a few day,» after the carth went thiouzh 
the meteor stream 1 comet appeared m the noithemn 
heavens, and, passing duectly in the line of the stream so 
close to the earth as to descmbe an arc of 90° in a single 
day, disappeared in the constellation Aquarius Immedi 
ately upon its disappearance 1 second comet was seen in 
the north, which followed neaily in the same path The 
Chinese accounts are not suficiently exact to turmsh 
independent orbits for them, but both comets were 
undoubtedly members of the Leonid stieam The comet 
1866 I may be identical with one of them 
The Andromeds and Biela ¢C 17t —Mention has been made of the 
star shower of November 27 1872 [he pero lial comet known 
as Bielas, which makes three revolutions in twenty veats passes 
very near the eaths obit at 1 lonntude corresponding to 
November 27, but by reason of its ducct motin the node has 
had conaiderable motion in lon,zitu ic as tl e result of perturbations 
Meteors having the same orbits 1s Bulas comet would have a 
radiant in the constellation Andiomela that 1» would cross the 
sky in lines diverging trom 2 point in thit constellation They 
might, however, be at dates after o1 even betore November 27 
nusval numbers of meteors were seen December 7, 1798 by 
*Brandes A like abundance was seen December 7 1838 and, as 
they had been expected, and 1adiation was now looked for they 
were found to diverge from a pomt in Androm di Hence they 
have been called Andromeds Since 1852 Bulas comet itself has 
been entirely lost The star shower of Novembir 27, 1872, 
previously re to, had@ adiant in Andiomeda, and in every 
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way appeared as though its meteors had once been parts of Biela’s 
comet <A spmnkle three days earlier, on the mght of November 
24, had the same iadiant, and came from a less dense outlying 
Ilel stream A small comet was seen in the southern sky by 
Bogsin in the direction oy pee to the radiant shortly after the 
shower Bielas comct had been found im 1845 46 to be in two 
parts, which at its neat return to pemhelion in 1852 had separated 
to eight times their former distance But the meteor streams of 
1872 could hardly have been separated from the comet so recently, 
and the Pogson comet if of the same omgin must also have left the 
parent mass at an eailur date than 1845 No ordmary perturba 
tions would m a short yxriod have so changed the orbits The 
aits of the small stream traversed by the earth December 1838 and 
ecember 1798 were far trom the comet, and these fragments must 
have been thrown off much carher 
The Persevds and the Cort 1862 I] —There 13 a thirl epoch 
when meteors appeat in unusual numbers viz, the 9th to 11th of 
August ‘his spinkic, as 1t may be called has becn seen con 
stantly at the time named for nearly fifty years and there ara 
on record accounts of similar ap) earances 1n the eirhe: years before 
its annual character had been discovered Some observers have 
thought that there were evidences of a variation having a long 
period but the pioof s ems as vet unsatisfactory and thc display 
may he regarded as tolerably constant from year to year On every 
10th of August we may confidently expect # display of meteors that 
shall be at least four o1 five tames as numerous as thox of ordinary 
nights The :adrant 1s in the constellation Perseus, and hence the 
name Peisei Is 
fhe comet 1862 III which has a period of more than 2 hundred 
vials passes close to the earth s orbit neatly cuttmg it at the place 
cf this shower and has a velocity an1 direction corresponding to 
thisraliant Hence tconnexion of the Perse:d meteors with this 
comet 15 presumed like that which the Leonids and Andromeds 
have with the comet 1866 I and Biela The meteors are distn 
buted ilong this orlit more 1ezularly than along either of the other 
two and at the sime time the breadth of this group 1s a hundred 
times greitet than that of the Leomds We must for the present 
regard it rather as a meteor mng the mcteoroids being scattered 
vlong the entne comic section whi h the comet descuiles This mng 
has an inclination of 118° with the ecliptic 
Vetvors of April 20 21—Lyr ards — About the 20th of Apml there 
have been several quite brillant star showers, the earliest on 
record having been in the year 0878 On that day meteors have 
been olserve | which radiated fiom Lyra and to these the name 
Lyraids has been given The comet 1861 I passes near the earth’s 
orbit in that longitude and any meteors having such a connemon 
with it 23 1s provel for the Leonids with comet 1866 I would also 
1adiite from Lyra 
Again, at several other periods of the year meteors have been 
Secn In unusual numbers which seem to be connected with certain 
comets 
Ueteon Radvants —We have thus definite proof that the 
earth at certain epochs plunges through meteor streams, 
and that these streams travel along the same track as cer 
tain comets The question is at once asked—Do not the 
sporadic meteors, those which are seen on any and all 
nights of the year, belong to similar streams? An ummense 
amount of labour has been spent in observing the paths of 
meteors, and classifying them, so as to detect and prove the 
existence of radiant points As many as a thousand such 
radiants have been suggested by the different investigators 
Some of these are duphcates, some will prove to be acci 
dental coincidences but a goodly number maj reasonably 
be expected to enduie the test of future ob-ervations 
Such will show the existence of meteor streams, and per- 
haps will be connected with comets that are now known, 
or that may hereafte: be discovered 
The radiants have been spoken of as if they were points 
mm the heavens Thi 1s so nearly true as to Justify all the 
conclusions that have been deduced above But in fact a 
radiant, even in the star showers m which it 1s most 
sharply defined, must be regarded as 2 small aiea. The 
apparent meteor paths when produced backward do not 
exactly meet ina pomt If they be treated as proceeding 
from a small area, 1t does not appear that this 1 a long 
narrow one Hence it may be shown that the paths of 
the meteors m the air are not exactly parallel either to a 
lme or toa plane This can haidly be due to a want of 
parallehsm of the paths before the meteoroids meet the 


earth, but 1s rather due to ther glancing as they strike the 
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air These facts add nota little to the difficulties to be 
overcome by the energetic observers and investigators who 
are trying to deduce order out of an apparent chaos 
Meteorvtes —The fragments which fall immediately after 
the disappearance of large meteors have been carefully 
collected and preserved 11 mmeralogical museums, and have 
been studied with special interest The largest collections 
in Europe are in Vienna, Paris, London, and Berlin, some 
of these representing o e1 three hundred localitis In the 
United States there are large collections at Nuw Haven, 
Amherst, and Louisville 
In several respects these fragments diffu at first sight 
from terrestrial rocks 
They are when found almost alway. covered in part or 
entirely with a very thin black ciust, generally less than 
gy of an inch in thickness This crust may have a bright 
lustrous surface, or 1t may be of 4 lustreless black It has 
evidently been melted, yet so rajndly 1s not to change in 
the least the parts of the stone immediately adjacent 
Streaks showmg the flow of the melted matte: aie often 
seen on the surface Upon some surfaces are what appear 
to be deposits of the melted matter that has flowed off fiom 
the others Some surfaces are only browned, showing an 
apparently recent fiacture, and some crachs ale found in 
stones which are not yet completely broken in two 
The surfaces very often have small cup like cavities, 
sometimes sevetal inches in diameter, sometimes hke deep 
mmprints in a plastic mass made by the ends of the fingers 
and sometimes still smaller These “cupules have not 
only various sizes in different stones, but even in the same 
stone diffe: considerably from one surface to anotha. They 
appeal im meteorites that are almost exclusively iron, a» | 
well ay in those maimly destitute of that mctal, and they 
may be regarded as a characteristic of meteorites 
The meteorites have usually metallic iron as one of their 
component parts Native iron is very rare indeed amonz 
terrestrial minerals, and its presence in the meteorites 15 
therefore characteristic Sometimes the non forms the 
prnupal part of the body, giving it the appearance of 4 
mass of that mctal Sometimes it forms only a connected 
framework which 1s filled in with mmeial matter Some 
timcs particles of iron aic scattcied thiough a stony mass 
and a tew meteorites are sud to be destitute of metallic 
iron altogether The metallic iron 1s always accompanied 
with nickel 
The stony meteors when broken or cut thiouzh have 
usually a greyish itciion, and often exh bit a peculiar 
globular structure 10m the small 1ounded grains that 
give it this appearance thu name chondnite (fiom yovdpos 
@ ball) has been applicd to this hind of meteorttu = Scme 
times the urregula: fragments are compacted into a hind of 
breccia 
The pieces a> we find them are always apparent fas 
ments of some larger mass, and there 1. no stiuctmal 
appearance which would indicate that the mass mizht not 
be + fragment of a still larger one In some of the falls 
fragments picked up at a distance of miles from ca h other 
fit together m theu stmply browned surfaces showins that 
they were true frasments recently s.parated In sume 
caves surfaces of the stoncs are partially polishcd In sone 
& cross section of the stone exhibits thin black lines as 
though the melted matte: of the sutace had becn forced 
into the crevices of the partially biokcn stone | 
The stones when seen to fall if at once picked up are 
usually too warm to be taken in the hand But cases are 
on record in which the stones were cacessively cold They 
sometimes, on stnkiny the giound, |xnctrate into it from 1 
to 3 feet In extreme cases larze oncs have struck much 
deeper into soft earth Sometimes they are Inoken to 
spices by the rmyact with the hard eaith 
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The stones are usually not very large. Although the 
hght of the meteor 1s such as sometimes to be seen over a 
region 1000 mules in diameter, and the detonation gives 
phenomena suggestive of an earthquake over many counties, 
yet a stone exceeding 100 ib 1s quite exceptional in our col- 
lections The total weight secured at any fall has rarely if 
ever amounted toa thousand pounds Theaverage weight 
of nine hundred and fifty perfect specumens of the Pultusk 
fall in the Paris museum 1s 67 grammes, or less than 2} 
oz One of the Hessle meteorites mm the Stockholm museum 
weighs less than 1 grain Many of the Emmet county mete- 
orites (May 10, 1879) are not much larger, though the 
largest specumen of that fall weighs nearly 500 hb 

Meteors traversing the Atmosphere —We can now get a 
very good idea of the history of that part of a meteorite’s 
life between its entrance mto the air and its arrival at the 
earth It1s entirely invisible until 1t has reached that height 
at which the density of th air 1s enough to create con 
siderable resistance Up to that time it moves almost 
exclusively in obedience to the suns attraction The 
earth s attraction may be neglected, especially during the 
passage through the air Since the velocity 1s a hundred 
times that of sound, the elasticity of the air 1s impotent to 
remove it from in front of the meteorite, or to prevent a 
high degree of condensation Perhaps the air 1s liquefied 
immediately in front of the stone Heat 1s developed in it 
enormously, and the stone being pressed closely against the 
hot sr is melted, with an intense hght The condensed air 
chaiged with the melted matter 1» pushed aside, and left 
behind nearlv in the wake of the meteor to form the train 
The brightness of the tram rapidly dimmmishes behind the 
ncteor, so that the light of the meteor and the train, modi 
fied by irradiation, make the whole appeai to a distant eye 
of the shape of a peai or candle flame The stone being a 
poor conductor of heat and itself mgid, 1s not heated in the 
intenor either by condensation or conduction, and may 
1each the ground with its surface only heated, while the 


' interior 1s as cold as 1t had been out in space 


If the stone 1» a small one it will soon be used up by 
this intense fie Until its front surface 1» rounded by the 
flame, the irregular resistances may cause such a stone to 
glance But if the stone 1s larger it will lose velocity less 
rapidly As 1 comes down into the region where the air 
1s more dense, 1t willin spite of loss of velocity meet greater 
resistance The an pressed hard against it burns 1t un 
equally, forming cupules ove: its surface The pressure 
of the air cracks the stone,—perhaps scaling off small frag 
ments, perhaps breaking it into pieces of moie uniform 
sizc_ In the latter case the condensed air in front of the 
inctcor being suddenly reheved will expand, giving the 
turfic cxplosion which accompanies such breaking up In 
cither case a fragment may have still velocity enough to 
huin on for an instant in its new path and then come 
invisibly to the earth, covered with a coating, the greater 
} ut obtamed after the principal explosion In the latter 
part of the course the original velocity has almost all dis 
ippcared, so that the sound travels faster than the meteor 
he airs resistance exceeds the earths attraction, and the 
stones strike the ground only with the force of a spent 
cinnon ball It1s no doubt in violent disruption that some 
of the fractures are made m such a way as to give the 
ubbed and polished surfaces 

Ti cons of Weteors —The smaller meteors generally have 
no perceptible train Only in exceptional cases do the 
ti1ms of ordinary shooting stars remain visible longer than 
a fraction of asecond An upusual number of the Leonidy 
have a bluish tram But the brighter shooting stars and 
the larger meteors sometimes have trains that endwe for 
minutes, and in extreme cases for an hour Such trams 
are at first long narrow lines of light, though much shorter 
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than the track of the meteor They begin at once to 
broaden in the middle and to fade away at one or both 
ends Presently they become curved, sometimes with two 
or three convolutions The white cloud floats slowly away 
among the stars, coiling up more and more, and finally 
fades out of sight The cause of all this seems to be as 
follows The heated air charged with the debris of the 
meteor 18 by the meteor’s impact driven off horizontally, 
causing the narrow tram to spread mto a cloud The 
currents of air differing im direction at different altitudes 
twist the cloud into its varied fantastic forms Attempts 
to obtain the spectrum of the trains have been made, and 
sodium and magnesium lines have been thought to be 
Hetected in them The observation, however, 1s one that 
18 not easy to make or confirm The trains have often 
colours other than white, and in the case of the bnghter 
meteors different colours are seen m the different parts of 
the train 8 

Magnitude —Some computations have been made of the 
size of the shooting star meteoroids from the mechanical 
equivalent of the hght developed by thew disintegration 
Tf all the energy of the meteor 1s changed into light, then 
these computations would be conclusive But a part is 
spent in disintegrating and burning the stone, a part 
in heating the air, and a part in giving direct motion to 
portions of air A computation based on the hght developed 
gives only a lower limit to the size 

It seems probable that the larger meteors might be safely 
regarded as weighing on entermg the air only a few 
hundreds or at most a few thousands of pounds The 
smallest visible shooting stars may be equal im size to 
coarse grains of sand, and still be large enough to furnish 
all the hght exhibited by them The laigest shooting 
stars furnish matter enough to fill with thin trains 
cubic mules of space, but this need not require a very 
large mass 

Meteorre Iions —There have been found tt vaious times on the 
surface of the earth masses of metilhe 1ron combined with nickel 
These have been so like the irons which have bien hnown to full, 
both in their structue and m composition, thit they have been 
without hesitation classed among the meteoric irons 4 mass of 
this chaticter weighing 1635 Ib found m Texas 1s in the Lale 
College Museum The Charers (Mexico) iron in the Pats muscum 
1s about the same size 4 ring shapei mass somewht smaller, 
from luczon, 1s m the United States National Museum in 


Washington A still larger mass 1s in the British Museum and 
many oth large mosscs are in public collections o1 private 


Wirdmannstatien Figures —If1n any of the mcteoue nons whether 
seen to full or found on the earth, a section 1s cut an] polished and 
then etched with wids 1 series of peculiar lines are developed 
which aie known w Widmannstatten figues ‘The lines of n n 
unattacked by the acid consist of an integular giouy ing of parallc] 
rulmgs often lying along the faces of aregular otahcdion The 
exhibition of these figuics and the combination of non with mebkel 
have been usually considercd conclusive evidence of the meteoric 
origin of any non mass 

Nickel [ron of Orrifuk —In1870 Biron Now lenshi 11 1n his voyage 
to Greenlind, found on the shore of the wlind of Disco fifteen n0n 
masses the largest of which weighed 20 tons all man ae of half 
an acre In the basaltic 1ochs not tar distant othe: 1ron masses 
were found embedded in the basalt The presence cf nuhel with 
the iron, and the development of lines hike the Widmannstitten 
figures, were at once acccpted r yr00f of their meteoric onigin, in 
spite of the combination with basalt 4 more complete evumima 
tion has, howeve1, established the tericstial omzin of these irons 
and given reasons to hope for nuw discover.es of relitions evisting 
between the eaith and the meteors The addition] discovery 
of small particles of metallic on im certain other igneous rocks 

— that the union of the Ovifak irons with bialt 1s not excep 

on 

Chemucal Constitution of the Meteorites —No new element has 
ve found in the meteonttes Three elements most widely distri- 

uted and most important among the meteontes—iron, silicon, and 
ones ts also most abundant in our earth Daubree gives the 
following lists of elements, arranged somewhat in the degree of 
their importance, im meteontes (Maskelyne adds hhthum and 
sntimony).— oo?” 
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Tron Titanium Arsenic 
Magnesium Tin Phosphorus. 
Siheon Copper Nitrogen 
Oxygen Alomimuam Sulphur 
Nickel Potassium Chlorine 
Cobalt Sodium Carbon 
Chromum Calaum Hydrogen 
Manganese 


Afinerals wn Meteorites —Among the minerals in the meteontes 
there are several which occur in the rocks on the earth Among 
these ate cited by Danbree pciidote, pyroxene, enstatite, triclinic 
felspar, chromite, maguetic pylites, 1ron oxide, graphite, and 

robably water Seveial minerals, however are found which, so 
ar as now known, are peculiar to the meteorites —metallic nickel 
iron, phosphide of 1ron and nickel (s hreibersite), sesquisulphide of 
chromium and 1ron (daubreelite), sulphide of calcrum (oldhamite), 
and chloiide of iron (lawrencite) 

Meteontes of drfterent falls are in general unlike , } ut there are 
many instances in which the stones of two falls are so similarly 
constituted that it 18 not easy to distinguish them 

In four falls (Alais, Cold Bokkcweld, Kaba, and Orgeml) the 
stones contain little or no ron In these carbon appears not as 
graphite but in umon with hydiogen and oxygen, and also with 
soluble and even deliquescent saline mitters The combinations 
are such as to suggest the existence of humus and organic remains 
But after careful search nothing of this kind has been detected mm 
them In general the meteontes show no resemblance in their 
mechanical o: mineralogical structure to the granitic and surface 
rocks on the eaith One condition was certainly necessary in their 
formation, viz, the absence of free oxygen and of enough water to 
oxidize the non and other elements Perhaps 1t 1s to this fact that 
are due the resemblances between these mmerals and those of the 
deep seated rocks of the earth im the formation of which free 
oxygen and water were also not present 

Gases 11 Meteorites —The meteonce stones and trons when 
reduced to fine } articles on 1 y lace 1 in the vacuum of a Sprengel air- 
pump giv¢ offsinall quantitics of gascs which may be reasonably pre- 
sumed to have been occlu led by the 1rons at some time 1n their earlier 
Instory Piofessor Grvham found hvdro,en in meteoric irons 
Professor Wnght has shown that a modcrate heat drives off from 
the stony meteorites cirbonie acid and carbonic ode with a 
small amount of hydrogen sthe heat increases the oes rtion of 

y drogen (and even some nitro,,en) mcreases till at a full red heat the 
hy drogen giv en offs by far the largest potion From the irons amilar 
gases are given off, but the carbon compounds are not so large a 
component as hydrogen Ihe spectra seen in the tails of comets are 
not strikingly like those of any of these gases But it 1s mpossible 
to reproluce in tle laboratory the conditions under which the 
matte: of comets tails is giving offits hght We cannot therefore 
sa) that these gases may not be the important parts of the cometie 
coma and tails 

Meteoroid as Part of a Comet —As~wming that the meteorite and 
meteoioid once formed in mtegril pat of a comet, not a little 
information 1s given us of the nature of this mysterious body. 
There 1s room also fo. speculation 

Fust, the comet miy bu 1 single hard body which comes from 
the cold of spice into the het of the sun, and there has frag 
ments broken off, just 13 4 stone 1s shatte: din + hot fire The 
nucleus of some of the comets must be very small because invisible 
in the telescope, and an impulse thit woulu 1a1¢ a Stone on the 
earth only a few inches would send 1t permanently away fiom such 
acomet The exposure of new surfaces to the heat of the sun a a 
give occasion for the devclopment of 15 to form the comet s tar 

Or, secondly the comet miy be toleribly compact aggregation of 
small bods notin contut exh om tung of the size of a 
meteoroul, and kept nen to th rest, net lv cohesi mm but by their 
combined attraction. The t til nass being smill some members 
of the group nearthe comets p mhcnon pusag can be by the suns 
perturbing a tion thrown out into oilits jute independent of the 
comet its lf, ind yet su h as relative to the sun shall resemble that 
of the main group = Pertur) trons 1csembling tidal waves might be 
preparing other members to be cast off at the next perthelion 
passage of the comet 

In erther cas, if we suppose, as scems prolable that the comet 
came from outside the solar system and thit 1 disturbance by a 
large planet changed the origmal hyperbolic orbit into an ellipse, 
the comet must have passed thit planct as a very compict croup, if 
not in vaingle mass else the disturban e thit chinged the obit 
would have scattered the group bevond the power of a futur recog- 
nition of the common ougin of the fragments 

Meteorords as Fuel of the Sun —The idea has been held by 
distinguished physicists that the metcoroids im falling into the 
sun furmsh hy their concussion a supply for the heat which the 
sin 18 constantly sending off into spact,—thit they ae in fact the 
fuel of the sun Such a view, howescr, recuves but little support 
from facts which we hnow about meteors The metcoroids of the 
August and tuo November pet ods tT permanent, 
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members of the solar system moving 1n closed orbits The same 18 
by inference highly probable for most of the other meteoroids, and 
may be true of all of them Permanent members of the solar 
system, however, 1f they ever fall into the sun, do so only after along 
of perturbation If any meteoroids come from stellar spaces 

and have any uniform or random distribution of velocities or direc 
tions, only a very small portion of these would hit the sun s surface 
The far greater portion would go on m hyperbolic orbits But 
the earth receives the :mpact of its portion of these foreign 
meteoroids, both m their imward and outward course and i 
addition encounters 8 full share of the permanent members of the 
solar system of which the sun recenes very few or 1one It 38 
not hard to show that a supply of meteoioids to the sun sufficient 
to make good its daily loss of heat would require that the twenty 
million meteoroids which the earth datly encounters even if all were 
from stellar space should have an average wught of hundreds of 
tons The facts do not warrknt the admission of any such magnt 
tude even for the large mctcors much less for the ordinary and 
small shooting stars Whatever be the source of the suns heat, 
all the meteoioids of which we know anything are totally inade 
quate to supply the waste 

The hteratme of meteors and meteoroids 1s verv much scattered 
It 1s mainly containe! in the scientific journals and in transac 
tions of learned societics The series of valuable Reports of the 
Lummous Mcteot Committee of the British Association contains 
not only the record of an 1mmense amount of original observations, 
but also year by jer a digest of most of the 1mportant memoirs 

Meteoric science 13 3 structure Luilt stone by stone by many 
builders In this uticle no attempt has been made to asmgn to 
each builder the credit for his contr} ution (H AN) 


METEORA, a remarkable group of rock built monas 
teries 10 Thessaly, in the northern side of the valley of the 
Peneus, not quite 20 mules north east of Triccala, and n 
the immediate vicinity of the village of Kalabaka, Stagus, 
or Stagoi (the ancient Aginium) From the Cambuman 
chain fwo vast masses of roch are thrust southward into 
the plan, surmounted by a number of huge isolated columns 
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from 85 to 300 feet high, “some like gighntic tuska, some 
like sugarloaves, and some hke vast ” but all 
consisting of iron-grey or reddish-brown conglomerate of 
gneiss, intea-slate, ayenrte, and greenstone On the summit 
of these rocky pmnacles—acceasible only by aid of rope 
and basket let down from the top, or m some cases by a 
series of almost perpendicular ladders chmbing the chiff to 
the mouth of a tunnel—stand the monasteries of Meteora 
(ra, Meréwpa) At one time they were twenty four im 
number, but Holland (1812) and Hughes (1814) found 
them reduced to ten, at Curzon’s visit eine there were 
only seven , and in 1853 not more than four of these were 
mhabited by more than two or three monks Meteora par 
excellence 18 the laigest and perhaps the mostancient The 
present building was erected, according to Leahe’s reading 
of the local mscription, in 1388 (Bjornstahl, the Swedish 
traveller, had given 1371), and the church 1s one of the 
largest and handsomest yw Greece St Bailaams and 
St Stephens (the latter founded by the emperor John 
Cantacuzene) are ne\t in importance The decorations of 
the churches contam a large amount of material for the 
history of Byzantine art, not much inferior in value to the 
similar treasures at Athos 


Unless the identification with the Ithome of Homer be a sound 
one there 18 no direct mention of the rocks of Meteo1a in ancient 
literature, and Professor hnegk suggests that this may simply be 
due to the fict that they had not then taken on their present 1e 
matkable form | Agimum however 1s described by Lavy as a 
strong place, and 1s frequently mentioned duimg the Roman wars, 
and Stagus appears fiom time to time in Byzantine writers 

See Holland Travels in the Jonsan Isles &e 1815 Hughes 7) avels tn Gr cece 
and Albar1a 1830 Curzon Jess to Monastertes inthe Lerant 1849 e Vere 
thern Greece Liofessor hnegk in Zettchs f alig Hrdk Berlin 1858 Toxer, 
Researches 1n the Highlands of Tui key 1869 
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ETEOROLOGY, in its orgmal and etymological | immediate causes of these movements were for the first 


sense, included within its scope all appearances of 

the sky, astronomical as well as atmospherical, but the term 
1s now restricted to the description and explanation of the 
phenomena of the atmosphere which may be convemently 
grouped under weathcr and chmate These phenomena 
relate to the action of the forces on which the variations 
of pressure, temperature, humidity, and electricity of the 
atmosphere depend, but in an especial sense to the aerial 
movements which necessarily result from these vamations 

In the more exact development of meteorology, the 
scientific investigation of climate long preceded that of | 
weather Humboldts work on /sothermal Lnnes, published 
m 1817, must be regarded as the first great contribution 
to meteorological science The unportance of this mquiry 
mto the distribution of terrestrial temperature it 15 
scarcely possible to overestimate, for, though the isothermals 
were necessarily to a considerable extent hypothetical, 
there cannot be a doubt that they presented a first sketch 
of the principal climates of the globe Dove continued 
and extended the investigation, and m his great work On 
the Drstributron of Heat on the Surface of the Globe, pub- | 
lished in 1852, gave charts showimg the mean temperature 
of the world for each month and for the year toyether with 
charts of abnormal temperature To this, more than to 
any other work, belongs the ment of having populanzed 
the science of meteorology m the best sense, by enhating in 
its service troops of observers in all parts of the civilized 
world 

In 1868 another series of amportant charts were pub- 
hshed representing by isobaric lines the distribution ot the 
mase of the earth’s atmosphere, and by arrows the prevail 
ing winds over the globe for the months and the year 


time approximately stated, and some knowledge was 
thereby attamed ot some of the more difficult problems of 
meteorology It was shown that the prevailing winds are 
the simple result of the relative distribution of the mass 
of the earths atmosphere, in other words, of the relative 
distribution of its pressure, the direction and force of the 
prevailing winds being simply the flow of the an from a 
region of higher towards a region of lower pressure, or from 
where there 1s a surplus to where there 1> a deficiency of 
air It1s on this broad and vital principle that meteorology 
rests, which 1s found to be of universal application 
throughout the science, in explanation, not only of prevail- 
ing winds, but of all winds, and of weather and weather 
changes generally One of the more important uses of the 
principle 1s m its furnishing the key to the climates of the 
different rczions of the earth, for clunate 13 practically 
determmed by the temperature and moisture of the aur, 
and these in their turn are dependent on the prevailing 
winds, which are charged with the temperature and 
moisture of the regions they have traversed The isobaric 
charts show further that the distribution of the mass of 
the earth s atmosphere depends on the geographical distri- 
bution of land and water m ther relations to the sun’s 
heat and to radiation towards the regions of space in 
different seasons 

In 1882 Loomis published a map showing the mean 
rainfall of the globe This map and others that have been 
constructed for separate countries show conclusively that 
the rainfall of any region 1s determined by the prevaihng 
winds considered in relation to regions from which they 
have come, and the physical configuration and temperature 
of the part of the earth’s surface over which they blow, 


* By these charts the movements of the atmosphere and the The maxmum remnfall 1s precipitated ky winds which, 
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having traversed a large breadth of ocean, come up against 
and blow over a mountainous ridge lying across their path, 
and the amount deposited 1s still further mcreased 1f the 
winds pass at the same time through regions the temper 
ature of which constantly becomes colder On the other 
hand, the rafal] 1s unusually small, or m/, when the pre- 
vailing ‘wmds have not previously traversed some extent 
of ocean, but have crossed a mountam mdge and advance 
at the same time into lower latitudes, or regions the 
temperature of which 1s markedly higher 

While the observational data for the determimation of 
the geographical distribution of the pmme elements of 
climate, viz, the pressure, temperature, moisture, and 
movements of the atmosphere and the rainfall were being 
slowly but surely collected, the great importance of the 
study of weather came gradually to be recognized 
Additional impetus was given to this branch of study from 
its timate bearings on the eminently practical question 
of storm warnmgs Synchronous weather maps, showing 
the weather over a considerable portion of the earths 
surface, were constructed, and some advance was made in 
tracing the progress of storms from day to day Unques 
tionably one of the first problems of meteorology 1s to 
ascertain the course storms usually follow and the causes 
by which that course is determined, so as to deduce from 
the meteorological phenomena observed, not only the 
certain approach of a storm, but also the particular course 
that storm will take The method of practically conduct 
ing this large mquiry in the most effective manner was 
devised by the genius of Leverrier, and begun to be carried. 
out m 1858 by the daily publication of the Bulleten Inter 
national, to which a weather map was added in September 
1863 This map showed graphically for the morning 
of the day of publication the atmospheric pressure, and 
the direction and force of the wind, together with tables 
of temperature, rainfall, cloud, and sea disturbance from a 
Jarge number of places in all parts of Europe From such 
weather maps forecasts of storms are framed and suitable 
warnings issued , but above all a body of information in a 
very handy form 1s being collected, the careful study and 
discussion of which 1s slowly but gradually leading to the 
issue of more exact and satisfactory forecasts of weather, 
and to a juster Lnowledge of these great atmospheric move 
ments which form the groundwork of the science 

The most cursory glance 1s sufficient to show that the 
ever changing physical phenomena with which it 1s the 
business of meteorology to deal are all referable to the 
action of the sun, it bemg evident that if the sun were 
blotted out from the sky a cold lifeless uniformity would 
rapidly take possession of the whole suiface of the globe 
Meteorological phenomena naturally group themselves into 
two great classes,—those dependent on the revolution of 
the earth on its axis, and those dependent on its revolution 
round the sun taken m connexion with the inclination of 
its axis to the plane of its orbit The science thus divides 
itself into two great divisions, the first comprising diurnal 
phenomena and the second annual phenome 
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Temperature —Of the daily changes which take place 
in the atmosphere, the first place must be assigned to those 
which relate to temperature, seemg that on these all other 
changes are either directly or directly dependent Obser 
yations of the temperature of the air are therefore of the 
first umportance im meteorology A perfectly accurate 
wbeervation of the temperature of the air 1s unquestionably 
among the most difficult to make of all physical observations, 
the difficulty being to eliminate the effects of radiation of 
musrounding objects The nearest approach yet made to 
the solution ofthis important problem of physical mquiry 
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was made by Dr Joule im & communication to the 
Philosophical Society of Manchester (November 26, 1867, 
Proc, vol. vn p 35) But the manipulative sinll and 
tame demanded by the method there detailed render 1t qmte 
unsuitable for general adoption anywhere in collecting the 
observational data required mm the determimation of this 
umportant element of chmate It 13 therefore necessary to 
fall on some method which, while it gives results that can 
only be regarded as approximate secures the essential 
element of uniformity among the observations 

Fig 1 represents Stevenson s louvre boaded tox for the ther- 
mometers which 1s now very widely used for temperature observa- 
tions The box 1s made of wood and louvred all round so as to 
protect the thermometers mside fiom radiation «nd at the same time 
secure as free a circulation of air as 18 consistent with a satisfactory 
protection from radiation The box 1s paintei white both made 
and outside sand screwed to four stout wooden } osts also pamted 
white firmly fixed m the ground The posts aie of such a length 
that when the thermo neters are hung in position the bulbs of the 
minimum thermometer and hj grometer aie exactly at the same 
height of 4 feet above the ground, the maximum thermometer being 





Fic 1 —Thermometer Box 
hung nimedi tely above the miminum thermemcter This ther- 
momete1 box 1s placed over 1 plot of grass and ma free o 
to which the sun s rays have free access during as much of the day 
as surrounding conditions admit of It will be observed that the 
thermometers are suspended on cioss laths in the centre of the box 
and face the door which should always open tothe north It ws 
not possible to overestimate the importance of seeing that uniformity 
of height above ground ind method of protecting the thermometers 
18 secured, since in no other way 8 1t possible to obtain results from 
different places which shall be ¢ smpat vble with each other and thus 
supply satisfactory materials for the mvestigition and development 
of comparative climatology 

A desired uniformity 1s yet far fiom bemg attained 
among the meteorological systems of different countries 
Thus in Ruswa the bo. for the protection of the thermo- 
meters 13 made of zine, on the supposition that such a box 
follows more closely the changes of temperature of the air 
than a box of wood Owzng to these international diversi 
ties of observation, it 1s eatremel} devirable that steps 
were taken to ascertain, by Joules method of observing, 
the approamate errors peculiar to each sort of thermometer 
box, in order that the temperatures of different countries 
may be compared together m a more satisfactory manner 
than has yet been possible 

Interchanges of temperature among bodies take place by 
conduction, convection, and radiation In meteorology 
the most important illustrations of conduction are the pro- 
pagation downwards through the earths strata of the 
changes of the temperature of the surface as it 15 heated 
during the day and cooled during the mght and the pro 
pagation of the same changes of temperature through the 
lowest stratum of the air which rests on the surface Sanco 
sand and hght loose soils are much worse conductors of 
heat than clay and dense soils, it follows that loose scil¢ 
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and tracts of sand are subject durmg the day to hgher 
temperature and during the might to lower temperature near 
the surface than dense soils, and that frosts and extreme 
temperatures do not penetrate so far into loose as into 
dense soils It 1s on these differences that some of the 
more striking features of climatesdepend As snow 1s one 
of the worst conductors of heat, owing to the quantity of air 
filling the interstices among the 1ce crystals, 1t protects the 
il it covers by setting a limit to the depth to which the 
vere frosts of the surface penetrate, and by arresting the 
sscape of the heat of the soul upwards to the an 
The communication of heat from one part of the earth 
to another by convection 1s seen on a arand scale in the 
winds and 1n the currents of the ocean It 13 seen also in 
the ascending and descending currents of the atmosphere 
everywhere, which have their origin in the daily and 
unequal changes of temperature to which the surface of the 
earth 1s subject The direct and beneficial effect which 
results from atmospheric and oceanic circulation 1s &@ more 
equable distribution of temperature over the globe, thus 
moderating the rigours of the polar regions and the heat 
of the tropics 
An interchange of heat 1» constantly gomg on among 
bodies exposed to each othe1, whatever be their tempera 
ture ‘This mode by which heat 1s communicated from 
one body to another 1s called radiation Radiant heat 
proceeds in straight lines, diverging in all dnections from 
the source, 15 only in a limited degree influenced by the 
air through which it passes, and 1s not diverted from the 
straight course by the wind The mtensity 1s proportional 
to the temperature of the source, and 1s greater according 
to the degree of inclination of the swface on which the 
rays fall 
If then a bedy be placed 1m the presence of other bodies, 
some colder and some warmer than itself, it will from this 
mutual interchange of temperature reccive more heat from 
the warmer bodies than 1t radiates to them, and conse 
quently becomes warmer but 1t will receive less heat from 
the colder bodies than it radiates to them and its 
temperature consequentl) falls This 1s precisely the 
condition in which the carth 1s placud im space When a 
part of the surface is turned towards the sun that | art of 
the surface receives moe heat than 1s radiated from it 
and the temperature consequently rises most in that region 
which for the time 1s perpendicular to the suns rays and 
least round the annulus where the mclination of the surface 
is greatest On the other hand since the hemiy hae 
turned from the sun radiates more heat than it receives 
from the cold regions of sj 1c, the temperature there fall 
Owing to the essentially distinct conditions under which 
the earth 1s placed with respect to radiation the subject 
falls naturally to be divided into two heads solar radiati n 
gud terrestrial radiation 
Solar Radvaivon —Of the suns rays which arrive at the 
parths surface, those which fall on the land and solid 
bodies generally are wholly absorbed by the thin surface 
layer exposed to the heating ray», the tempcratuc of 
which consequently rises Whilst the tem} craturc of the 
surface increases, a wave of heat 1s propagated downwards 
through the soil The intensity of the daily wwe of 
éemperature rapidly Icssens with the depth at a 1ate 
depending on the conductivity of the soil, until at about 4 
feet below the surface 1t ccases to be measurable Part of 
the heat of the surface layer 1s conveyed upwards through 
the air by the convection currents which have their origin 
in the heating of the lowermost stratum of air in direct 
contact with the heated surface of the land 
Altogether different 1s the influence of the suns rays on 
water In this case the sun’s heat is not all, indeed very 
Pia from all, arrested at the surface, but penetrates toa 
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considerable depth The depth to which the influence of 
the sun 18 felt has been shown by the observations made 
during the cruise of the “Challenger” to be, roughly 
speaking, about 500 feet below the surface of the sea 
The rate at which, im perfectly clear water, this heat 1s 
distributed at different depths 1s a problem that has not 
yet been worked out Since water 1s a bad conductor, the 
heat thus distributed does not, as takes place with respect 
to land, penetrate to still lower depths by conduction, but 
only by different densities prevailing at the same depths, 
whether these different densities be due to different 
temperatures or different degrees of salinity Thus one 
of the more important distinctions between land and 
water surfaces in their bearimgs on climate 1s that nearly 
all the sun’s heat falling on land 1s arrested on the surface, 
whereas on water it 1s at once diffused downwards to a 
great depth In examine temperatures of the sea taken 
at different depths, 1t 1s surprising to note the rapidity 
with which changes of temperature are felt at considerable 
depths, especially m cases when the temperature of the air 
rises rapidly, accompanied with strong sunshine 

In shallow water the sun’s heat raises the temperature 
much higher than that of deep wate1, this bemg obvious 
from the consideration that nearly the whole of the sun’s 
heat which falls on the surface 1s utilized in raising the 
temperature of the shallow layer of water, im other 
words, 1t 18s, so to speak, concentrated through a small 
depth of water mstead of being diffused through a great 
depth 

Surfice Temperature of the Sea —The importance of a 
hnowledge of this datum of meteorology will be at once 
recognized whcn 1t 1s kept im view that three fourths of 
tne eirths suface 13 water, that the temperature of the 
air resting on this surfwe 1s in close relation to the 
temperature of the surface and that the lattey has, through 
the intervention of the winds direct and important 
beaiings on the temperature of the air over large portions 
of the land surfaces of the globe During the years 
1859-63 Captain Thomas, while engaged on the survey of 
the islands on the north west of Scotland, made observa- 
tions of the temperature of the surface of the sea every 
hour of the day at all seasons, and with sufhcient 
frequency for the determination of the diurnal range of 
the temperature of the surface The daily mimmum, 
0 17 below the mean, occurred near 6 AM, the mean was 
rcached about 11 am, the maximum, 0°13 above the 
mean, between 3 and 4 P<, and the mean again shortly 
before 24M Thus the daily oscillation of the temperature 
cf the surface of the sea amounted on the north west of 
Scotland only to 0 3 In lower latitudes the amount of 
the daily fluctuation 1s somewhat larger, but everywhere it 
1y comparatively small, if care be taken to make the 
observations properly, or at a distance from land, where 
the influence of the heated or cooled land 15 not allowed 
to vitiate the results 

Durmg the voyage of the “Challenger” a complete 
system of meteorological observations, including the tem 
puiature of the surface of the sea, was made every two 
hours as part of the scientific work of the cruise These 
are now being discussed, and the writer of this article 1s, 
by permission of the Lords Commissioners of HM 
Treasury, allowed to use such of the results as have been 
already arrived at 

The diurnal march of the temperature of the surface of 
the North Atlantic has been determined from observationg 
made on one hundred and twenty six days from March to 
August 1873 and m April and May 1876, the mean 
latitude of all the pomts of observation bemg nearly 30 N., 
and the longitude 42° W The following, variations from 
the mean show the phases of this diurnal oatillation —- 
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Thus in mid Atlantic, about 30° N lat, where the sun’s 
heat 1s strong, and at the time of the year when the sun 1s 
north of the equator, the diurnal fluctuation of the tempera 
fare of the surfaceis only 0°80 It 1s highly probable 
that nowhere over the ocean does the mean daily fluctuation 
of the temperature of the surface quite amount to a degree 
This small daily fluctuation 1s a prime factor in meteorology, 
particularly in discussions relating to atmospheric pressure 
and winds 

Temperature of Arr over the Open Sea —The followmg 
shows the daily march of the temperature of the air over 
the North Atlantic on a mean of the same one hundred 
and twenty six days for which the temperature of the sea 
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The amphtude of the daily fluctuation of the air is thus 
3°21, or nearly four times greater than that of the 
sea over which it les Durng the same months the 
“Challenger was lying near land on seventy six days 
The observations made on these days show a greater daily 
range of temperature of the air than occurred out in the 
open sea The minimum,-—2 05, occurred at 4 aM, and 
the maximum, 2° 33, at noon, thus giving a daily range of 
4°38 The occurrence of the maximum so early as noon 1s 
doubtless occasioned by the greater strength of the sea 
breeze after this hour, this mamtainmg a lower tempera 
ture Part of the increased range of the temperature of 
the air as compared with that of the sea was no doubt 
due to the higher temperature during the day and the 
lower during the night on the deck of the “Challenger ’ as 
compared with that of the ar But, after making allow 
ance for this disturbing influence, it 1s certain that the 
temperature of the air has a considerably larger daily range 
than that of the sea on which it rests The point 1s one 
of no small interest in atmospheric physics from the im 
portant bearings of the subject on the relations of the air 
and its aqueous vapour to solar and terrestrial radiation 

The hourly deviations from the mean daily temperature 
of the air at two places, one near the equator and the other 
in the north temperate zone, and both near the sea, viz, 
Batavia (6°8 S lat, 106° 48 E long, mean temperature 
78° 7) and Rothesay (55° 50 N lat, 5° 4’ W long, mean 
temperature 47° 3), are these — 






| Rothesay | 
lam -32 -17 1PM +57 +24 
2,, -86 -20 2 ,, +56 +27 
8 ,, —40 -21 3, +52 +28 
4, -48 -29 4 ,, +48 +26 
5B) 47 ~22 | 5; 483 +21 
6, -49 -20 6 , +19 +15 
7 ced -15 7 ,, +06 +09 
8, ~-22 -09 8 ,, -04 +02 
9 ,, -05 -02 9, -12 -04 
10 ,, +28 +05 | 107 -18 -08 
11 ,, +44 +12 1, -28 -12 
Noon +54 +19 || Midmght-2 8 -15 

F ithe times of the four phases of the daily temperature at 


Bgtavia are—minimum about 550 am, mean 845 4am, 
maumum 120 pM, and mean 740 pm, while for 
Rothesay the same times are 430 am, 915 4M,3PM, 
and820rmu At Batavia, where the days and nights are 
nearly equal duyng the year, there 1s ttle variation mm 
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these tumes through the months, but at Rothesay, where 
the days are much longer in summer than in winter, there 
18 considerable vanation mn the times of occurrence of these 

The following table shows the times of the 
phases for a number of selected places in the northern 
hemisphere for the two extreme months, January and 
July — 














January duly 

Mim | Mean | Max |Mean | Mm Mean | Max | Mean 

ax AM PE Px Ax Ax PM | rx 
Sitka 6G | 940)130]6 35 340] 7 40/0 50) 7 30 
Toronto 620/100 | 150 ee 8151345 810 
Philadelphia | 650/100 |240/8 45/50 |8 40!310/80 
Havana 
Archangel 60 }1040/130\90 240 8 36 250} 850 
Rothesay 5 30/1010/230/80 |330'90 13151850 
Oxford 720!1010 20 170 8 40/8 4518 10/8 25 
Madrid 650/105 |240/835/440'850 200 835 
Geneva 60 1100 120 180 |3151815{2 50,810 
St Bernard =| 430] 820'055/645/30 |810;1 20/750 
Bogoslovsk |5 30) 925/130) 815) 3 40 7 35 | 25 84 
) 
era 6 50] 950/285|7 45/430) 8 20, 2 40/8 25 
Tiflis 710] 950}225|750}/50 |95 310 815 
Calcutta 630} 9385/2 80/ 8 20/5 80 8 45/0 40/7 30 
Bombay 60 | 910/210185 |980/90 | 1 80 6 30 

540/ 80 1040'645150 |8 45 1 25 | 6 50 


| Madtas 





During the night in summer the temverature falls con- 
tinuously from the effects of teriestrial radiation till the 
earhest dawn, when the daily re in the temperature sets. 
in owing to the heat reflected from the upper strata of the 
atmosphere, which have begun to be heated and hghted 
up by the rays of the mornmg sun It will be observed 
that the time of the daily mmimum temperature occurs 
carhest in lngh latitudes and latest in low latitudes 
During winter, on the other hand, the mmimum tempera- 
ture takes place in several regions some time before dawn 
At this season the two chif causes on which changes of 
temperature depend are the sun and the passage of cyclones 
and anticyclones , and it 1s probable that those cases where 
the minimum occurs markedly before the dawn are, where 
not occasioned by purely local disturbmg causes, due to 
the mean diurnal times of occurrence of the changes of 
temperature which accompany the great atmospheric dis- 
turbances of cyclones and anticy clones 

In July the daily maximum temperature occurs generally 
from 2 to4P« At places, however, near the sea, which 
are within the immediate influence of the sea breeze, and 
in places at some distance from the sea, such as Calcutta, 
where the wind, being essentially a sea wind, attams its 
greatest daily velocity and the shy at the same time 1s 
much clouded, the maximum occurs nearly two hours 
earher In high situations, such as the St Bernard hospice, 
the highest daily temperature also occurs nearly two hours 
sooner than on the plains below In the winter months 
the maximum is about an hour earlier than in the 
summer 

In investigating the daily curves of temperature, Sir 
David Brewster drew several interesting conclusions from 
them By dividing the daily curve of temperature, deduced 
from the mean of the year, :nto four portions, at the points 
representing the two daily means and the two extremes, 
he showed that the four portions approximate to parabolas, 
in which the temperatuies are the abscisse and the hours 
the ordinates The correspondence between the observed 
and calculated results 1» so close that the difference did 
not in any case exceed a quarter of a degree Fahrenheit. 
This interesting result is true for places at which the 
honzon 1s open all round, so that no shadows of hulls, 
trees, or buildings fall on the places where the thermo- 
meters are kept during the day. If a hill mses to the 
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horth uf the place, by which the sun’s rays are never 
dbstructed, it exercises little, 1f any, influence on the 
observations but if one or more hulls obstruct the rays 
of the sun after 1t has rmwen above the horizon, such obstruc- 
tion affects the temperature while, and for some time 
after, the position m which the thermometer 1s placed 18 
shaded from the sun 

Brewster further made the important remark that the 
mean of observations made at any pair of hours of the 
same name such as8 a‘ and 8 pm,9avt and9PM, 
&c , does not differ much from the mean temperature of 
the day The pairs of hours which approximate closest to 
the true daily mean are 9 am and 9PM, 10 av and 10 
pM,3A4M and3pu,and4am and4pm The mean 
of four hours at equal inturvals from each other gives a 
result still closer to the true mean temperature 

In organizing any system of metcorolo,ic il observation by which 
it 13 mten lcd to develop thc climvtology of the countiy the de 
termination of the hours of observation 18 2 question of the first 
importance If ouly two observations te made daily the best hours 
aroQ9aM ond9Pw r1)1ve sindl0z« and if there be fom 
observations th lc t hirs a dand 9Aw and 3 ind 91 M 
or 4 and 10a and 4uili10pv_ It there be three observa 
tions the Lut lews 2 9 ant anl 3 anli9PuM of 104M 
and 4nd 101 ‘Tit in thesc as it 1s essential that the 
observation famiinun thermomctc: be added to the tem} era 
ture observ ttions Lhes hours ae firthu stiongly recommended 
by the consikerition that they are ay proximately comcadent with 
the diurnal phases ot atmospheric piessuie an exact knowledge 
of which lus at the r00t of nearly all climatological inquiies 
The three equidistint how which hive becn ado; ted in several 
countries, vi7 64M wi2imllOre are only good as regards 
the tempcratuic not as raids atmosthenc piessuie With 1e 
spect to two daily observations the hours 8aM andlpm which 
have been adopted in some countries are singulaily unsuit rble 
for the furnishing of th observational ditx 1yuired in the de 
velopment of the climatclonis of these counties and what 1s 
still more serious in 15 1en ¢ where mnternational co operation Is so 
unperatively demandc1 these observations cinnot be used with 
any satisfaction in sich leeply important inquiries w% the com 
parative clim titolo: + ot Curope 


The times of occurrence of the highest, lowest, and 
mean daily temperatures and the amcunt of the daily 
range of temperature are in a great degree influenced by 
the covermg o1 want of covering of the earths surface on 
which the air rests When the ground 1s covered with 
vegetation, the whole of the solar heat falls on the 
vegetable coverin, and as none fall, immediately on the 
soul, its temperature does not rise so high as happens where 
there 1s no vezctable coverinz to shade the surface from 
the sun The tem) crature of plants exposed to the sun 1s 
not so high as that of exposed soll in the vicimty As 
regards forests the four diurnal phases of temperature 
occur later than in the open country and the maximum 
gnd minimum are Icss decided and, since the matimum 
temperature of the air in forests falls short of the maximum 
m the open toa considerably greater extent than the 
minimum under trees 1s above the mimimum in the open 
it follows that the mean temperature of the air in forests 
is less than that of the open country adjommg The 
reason of the diffcrence 1s that the chilling effects of 
nocturnal radiation penetrate lower down amon, the trees 
than do the heatins effects of solar radiation, ard as the 
soil 1s not heated directly by the sun it» temperature 1s 
lower, and consequently that of the air over it 1s also 
lower A cleared spacc in a forest, sheltered by the sur 
riunding trees but open to the sun, has a warmer and 
moister atmosphere in spring and summer and very much 
moister in autumn than prevails in the open country 
adjounmng, and has also the diurnal differences of range 

to @ warmer and moister atmosphere 

One of the most important elements of clunate 18 dis 
closed by the difference between the hour of lowest and 
: the hour of highest megan temperature respectively, or, as 
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it 1s usually expressed, by the daily range of tem 
We have seen that as 2 the sea mm the north-west of 
Scotland the difference 1s only 0°3 and in the Atlantic 
about 30°N lat 0° 8, and that probably the diurnal range 
of temperature of the surface of the sea nowhere amounts to 

ee In the same part of the Atlantic the daily range 
of the temperature of the aur resting on the ocean 1s 3° 2, 
and on the sea near land4°4 On advancing on the land, 
the daily range of temperature rapidly mcreases, and the 
rate of mecrease 1s greatly augmented when an iland 
position 1s arrived at to which any sea breezes that may 
prevail do not extend 

The true daily range of temperature 1s stated by obser 
vations made with maximum and minimum thermometers 
Generally speaking, the amount of the range mereases a8 
the latitude 1s diminished, and as the distance from the sea 
1s increased, but above all 1¢ mcreases in proportion to the 
dryness of the chmate ¢ 


The differences of this vital element of climate arestnbingly shown 
mn the meteorology of India In the Report for 1880 ‘ie Tolleenng 
ate the mean daily ranges of March of that year at a few places 

at Gor 5° 4 Bombay 11°2 Kuniachee 23°5 Jacobabad 37°4 and 
Pachbudra (lat 25°55 N long 72°18 F )41°3 In the last 
case undoubte Il} one of the greatest mean daily ranges of tem 

perature meteorology has yet 1ecorded the mean of the days was 
103° 4 and of the mights 62°1 As Maich 1 altogethe: within 
the season of the north east monsoon the general drift of the 
wind ove: western Indii where these are situated 1 trom the 
interior towaids the sea sulject as regards Bombay and Goa to 
the influences of the land and the sea breeze On the other hand, 
in June when the south west monsoon has fairly set in the 
following are the mean daily ranges of temperature at the same 
places at Goa 5°6 Bombay 8°2 Kurrachee 10° Jacobabad 27° 6 

and Pachbudra 24°1 These show im a stnking manner the 
powerful influence of the moister atmosphere spread over India by 
the south west monsoon under which the daily range of tempeia 

ture falls at Kurrachee from 23° 5 to 10° and in the excessively 
arid chmate of Pachbudra from 41°3 to 24°1 In these diy 
climates of the basin of the Indus whilst the rainfall both in March 
and m June 1s practically mil, vet the relative humidity of the 
vimosphere 19 widely diffuent Lhus the humidities for March and 
June iespectively at 4 Pu, when the temperature 1s neatly the 
maximum for the day are 48 and 77 for hurrachee 18 and JO for 
Jacobabad and 11 and 36 for Pachbudra It 1s not so much the 
amount of cloud that determines the degree of fierceness of the sun 8 
heat in thesc climates as the relative humidity or the dryness ot 
the air as pointed out by Strachey in 1866 Thns at Jacobabad 
less than half the amount of cloud appears m the sky in June 
as compared with March but the relative humidities are 30 
and 18 and the daily range of temperature 27° 6 and 37° 4 If 
we eacept the dry arid wastes of Persia and Arabia, there 1s 
perhaps no othe pon of the globe where the daily 1ange of 
temperature approaches that of the valley of the Indus thus 
in the dry climates of such places as Sacramento (Califoinia) 
11 summe: it amounts only to about 30° at Madrid to 27°, and 
Jerusalem 24° In central districts in the south of England 
it 18 about 20° farther north it falls to 15° and in the islands 
in the north whose climate is strictly insular in its character 

the summer daily range 18 pot 10° In Arctic regions, such 
as Spitzbergen and Boothia Felix the range in winter varies 
from 0°0 to 1°0, m May, when the sun has reappeared and 
continues to rise and set if mses to 14° but in July when the 
sun does not set the 1ange sinks to 10° 


But maximum and mmimum thermometers not only 
show the mean daily range of temperature, they are also 
of great utality 1m giving observations for the determination 
of mean temperature The mean temperature may be 
accepted as the mean of the twenty four hourly observa- 
tions of the day If with such a system of observation 
daily readings of the maximum and minimum thermometer 
be compared, the value of the latter observations in 
questions of mean temperature may be arrived at Double 
series of observations of this deseription have been made 
at many places The following shows a comparison of the 
mean of maximum and nnnimum daily temperatures with 
means from observations made twenty-four fumes daily, 
the former exceeding the latter means mm nearly alb 
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These results ahow remarkable umformity, and it may 
be inferred from them that mean temperatures deduced 
from maximum and mmimum observations are about half 
a degree above the true mean temperature In general 
chmatological mquimes, obseryations with these thermo 
meters have the strong recommendation of supplying from 
observations taken once a day the data for the determina 
. tion of the mean temperature and mean daily range of 
~ localities , to which falls to be added the further advantage 
of giving results more umformly comparable for different 
places than could be afforded by observations made with a 
common thermometer at any single hour or par of hours 
daily 

Daily Variation of the Humidity of the Avr —The 
gaseous envelope surrounding the earth 1s composed of 
two atmospheres, quite distinct from each othe: —an 
atmosphere of dry air and an atmosphere of aqueous 
vapour The dry air, which consists of oxygen and 
nitrogen, 1s always a gas, and its quantity remains constant 
but the aqueous vapour does not contimue permanently in 
the gaseous state, and the quantity present in the au 1s 
by the ceaseless processes of evaporation and condensation, 
constantly changing If the aqueous vapour remained 
permanently and unchanged in the atmosphere, or were 
not lable to be condensed into cloud or rain, the mixture 
would become as complete as that of the oxygen and 
nitrogen of the arr The equilibrium of the vapour atmo 
sphere, however, 1s bemg constantly disturbed by every 
change of temperature, by every instance of condensation, 
and by the unceasing process of evaporation Since dry 
air furuher matenally obstructs the free diffusion of the 
aqueous vapour, 1t follow» that the law of the independent 
pressure of the vapour and of the dry an of the atmosphere 


holds good only approximately The aqueous vapour, ' 


diowever, constantly tends to approach this state Since, 
then, the mdependent and equal diffusion of the dry air 
and the aqueous vapour 1s, owing to these disturbing causes, 
never reached, the important conclusion follows that the 
hygrometer can never indicate more than the local humidity 
of the place where 1t 1s observed Hygrometric observa 
tions can therefore be regarded only as approximations to 
a true indication of the quantity of aqueous vapour in the 
atmosphere over the place of observation _It is, however, 
to be added that, while in certain cases the amount of vapour 
indicated 1s far from the truth, yet m averages, particularly 
long averages, a close approximation to the real amount 1s 
reached if the hygrometer be at all tolerably well oxposed 
and carefully observed 

Aqueous vapour 1s constantly bemg added to the air 
from the surfaces of water, snow, and ice, from moist 
surfaces, and from plants The rate of evaporation 
mereases with an increase of temperature, because the 
capacity of the air for vapour 1s thereby increased The 
atmospli¢re can contam only a certain definite amount of 
vapour, according to the temperature, when therefore the 
wir has its full complement of vapour, or when, in other 
words, it 13 saturated, evaporation ceases Thus the rate 
of evaporation aagreatest when the air 12 driest or freest 
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from vapour, and least when the air 1s nearest the point of 
saturation. Since currents of ar remove the moister and 
substitute dner air over the evaporating surfaces, evapora 
tzon 1g much more rapid during wind than mn calm weather 
As air expands under a dimmuished pressure, its temperature 
consequently falls, and 1t contmnues to approach nearer to 
the pornt of saturation, or become moister, and, as it 
contracts under an increased pressure, its temperature rises 
and 1t recedes from the point of saturation or becomes 
dmer Hence ascending currents of air become mouster 
with every addition to the ascent, and descending currents. 
drier as they continue to descend Thus as winds ascend 
the slopes of hills they become monster, but when they 
have crossed the summit and flow down the other side 
they become dner in proportion to the descent, and all the 
changes may be experienced from extreme dryness to 
saturation im the same mass of air, which all the time has 
practically had 1ts amount of aqueous vapour neither added 
to nor diminished 

In an atmosphere of air and aqueous vapour perfectly 
mixed, the elastic force of each at the surface of the earth 
13 the pressure of each In this case the elastic force of 
aqueous vapour would be the pressure of the whole vapour 
in the atmosphere over the place of observation This 
pressure 18 expressed in inches of mercury of the barometer 
If we suppose the total barometric pressure to be 30 000 
inches, and the elastic force of vapour to be 0 745 inch, 
the pressure or weight of the dry air, or air proper, would 
be 29 255 inches, and of the aqueous vapour 0745 mech 
From this it follows that the elastic force of vapour may 
be regarded as indicating the quantaty of aqueous vapour 
in the air at the place of observation, or 1t may be desig 
nated the absolute humidity of the air 

The diurnal variation in the elastic force of vapour m 
the air 1s seen in its simplest form on the open sea 
Grouping together ali the hygrometne observations made 
on board the “Chalienger on the North Atlantic at a 
distance from land, 1rom March to July 1873 (eighty four 
days), we have for that time a mean elastic force of 0 659 
inch, and the following diurnal vanation — 


Incl Inch Inch 
2am — O15 | 10a M + 004 | 6PM +007 
4, - 020 Noon + 017 8 ,, + 002 
6 , — 016 | 2PM + 020 10 ,, — 005 
8, 007 4, +017 Midmght+ 008 


Hence the mimumum (— 020 inch) occurs at the hour 
when the temperature of the surface of the sea and air 
resting over it falls to the da.y mimumum, it then mses 
to the mean a little after 9 4 uw, and to the daily maximum 
(+ 020 inch) at 2 PM, when the sea and air are also near 
the daily maximum, and falls to the mean shortly before 
9PM ‘ 

Treating the observations made near land by th 
“Challenger ’ durmg the same months, the following 1s 
the diurnal variation disclor“ed — 


Inch Inch, 
2aM — 003 lam + 014 6PM 000 
4 ,, — 009 Noon + 011 8 ,, — 004 
6 ,, -— 010 2PM + 007 10, ~ 006 
8 ,, — 003 4, + 015 Madnight ~ 607 


The disturbance mduced by proximity to land in the 
distribution of the aqueous vapour in the lowe: strata of 
the atmosphere 1s very stnking The mawmum and 
minimum no longer follow the corresponding phases of the 
temperature of the surface of the sea and of the ar The 
disturbing agents are the sea and land breezes and their 
effects Under the mfluence of the land breeze the tame 
of the mmumum humidity 1s delayed till about 6 a.m, and 
under the mfluence of the sea breeze and its effects the 
amount of the aqueous vapour shows & secondary minumum 
fromnoonta2Pm Its to be here noted that this midday ° 
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minimum occurs at the cours of the day when the surface 
of the land 1s most highly heated, the ascending current 
of heated air nsing from it therefore strongest, and the 
resulting breeze from the sea towards the land also strongest 
Now 1t does not admit of a doubt that the dimmmution in 
the amount of the aqueous vapour noted on board the 
“Challenger ’ ncar the shore pomts to an intermixture 
with the air formmg the sea breeze of descending thin 
wr filaments or currents to supply the place of the masses 
of air removed by the ascending currents which mse from 
the heated surface of the land At Batavia, on the north 
coast of Java, and at Bombay, the aqueous vapour 18 also 
subject to a secondary minimum durmg the warmest hours 
of the day 

During the summer months this secondary ninimum 1s 
best marked at inland places such as Peking, Nertchinsk, 
Barnaul, Tifls, and Ehaterinburg, but the time of its 
occurrence 1s about two hours later than it 1s over the 
North Atlantic Over all these places at this season the 
ascending current from the heated land in the interior of 
Asia 18 very strong On the other hand the lowemng of 
the amount of aqueous vapour scarcely if at all appears as 
a feature in the summer climate of St Petersburg, and 
not at all in that of Sitka, where the sea breeze 1s equally 
not a constant feature of the climate of the district 


In the eacessivcly dry 1ainless and hot climate of Allahabad, in 
April the diuinal minnnum of the aqucous vapour occurs from 
11 av to61 4, the time of absolute mmuimum being 2 and 
3p During all othe: hous of the day the amount of the 
vapour is above the mean a secondary mmimum occuring from 
1 to 44M At Allahabad, at this time, the absolut. mau 
mum vapour picssure occurs at 8 aM Quite similar to this 1s 
the diurnal distribution of the aqueous vapour im July at Lisbon 
and Commbra, the minunum oceuing fiom 104 toS8i1mM At 
this time of the ycar the climite of this part of the peninsula is 
hot and dry ind the rainfall insigmifcant im amount As this 
region lics betwecu the high atmosphere pressure so characteristic 
a Retire of the metcorolozy of the Atlantic in summer and the 
comparatively low pressur ove the contincnts southward and 
eastward, the winds ate alinost wholly north westerly In this 
connexion it 18 mstiutive to note that the time of miuimum 
vapour pressure 15 from 4 to7 4M when the velocity of the wind 
18 near the minunuin inl the chuf minimum vapour pressme 
from noon to 41M when the velocity of the wind and ascend 
ing currents reach the daily maximum ‘These results show that 
the diminution in the vapour pressure dwimyz the hours when 
temperature 15 lighest which charactuizes the climates of large 
tracts of the globe 15 duc to descending an filaments or cuiicnts 
which necessalily accompany the ascending currents that 11se from 
the heated land 

At Geneva dum the suminci months the vapour curve exhibits 
two daily minima vary stiongly marked, the one shortly before 
sunrisl and tle otha from 2 to41 and two maxima one 
from 8 to 11 aw and the other from 6 to 101‘ and with 
these the diuina] vanations cf cloul are m accordance The 
peculiarly marked features of the vapour curve at Guneva are 
probably due to the sive of the lake, which 1s laige cnouzh to 
give mse to a decided treeze durng the day fiom the lake ail 
round its shores 1nd duiing the night to a biceze from the land 
all round upon the lake 
mass of air composing it having been for some time icsting on 
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and air absolutely free of vapour by 0, the latter state of 
things never occurring mm the atmosphere, a humidity of 
10 being of rare occurrence even in such and regions as 
those of Arabia The great significance of this element of 
climate 1s in its relations to the diathermancy of the aur, 
and consequently to solar and terrestrial radiation It 1s 
supposed that perfectly dry air would allow rays of heat 
to pass through it with at most only a very slight 
increase to its temperature therefrom Let, however, a 
little aqueous vapour be added to it, a partial obstruction 
to the passage of radiant heat is offered, and the tempera- 
ture of the mixture, or common air, is sensibly raised. 
Hence, other things being equal, the less the amount of 
vapour the more are the effects of radiation felt, or the 
greater the heat of the days and the cold of the nights. 
The mere amount of vapour in the air does not determine 
the degree of radiation, but it is the amount of vapour 
together with a certaim teX:perature—in other words, the 
absolute and relative humidity of the air taken together— 
that determines the heating power of the sun and the 
degree of cold produced by terrestrial radiation 

The diurnal variation of the relative humidity 1s very 
different from that of the vapour pressure, and presents 
features of the simplest character The following are the 
diurnal variations from the mean humidity 80 over the 
North Atlantic, from the “Challenger” observations in 
1673 —~ 


2AM +2 lam -1 6pm -l 
4 +2 Noon -2 8, oO 
6 ,, +1 Qiu —-3 10 ,, +1 
8 ,, 0 4, -2 Midnight +2 


Thus the maximum humidity occurs from midnight to 
4 4M, or when the daily temperature 1s at the mmmumum, 
and the mimimum humidity at 2 pM, when the tempera- 
ture 1s at the maximum, the curve of humidity being thus 
mverse to that of the temperature With two slight 
modifications this 1s the diurnal humidity curve for all 
chmates and scasons In the calm which intervenes in 
the morning between the land and the sea breeze the 
humidity continues high, or even increases, though at the 
time the diurnal increase of temperature has already set 
in The other modification 1s seen in the humidity curves 
for Nertchinsk and Barnaul] during winter, these curves 
being not inverse but coincident with the daily curves of 
temperature In the climates of Central Asia in winter, 
the amount of vapour 1s very small, and the increase to 
the relative humidity durmg the day 1s probably occasioned 
by the more active evaporation from the snow during the 
day and the stillness of the air favouring the accumulation 
of aqueous vapour near the surface of the carth 

Next to the winds, the aqueous vapour of the atma 
sphere, in the diverse ways in which in different localities 
it 18 distributed through the hours of the day, plays the 
most important part in giving to the different parts of the 


the lake, 1s rather moist and thus one of the daily mavima 1s , globe it» infinitely diversified climates 


brought about from 8to 11 Am _ As the breeze continucs the air 
supplying 1t 1s necessarily drawn from the higher stiati of the 
atmosphere morc copiously than im difterent situations ni having 
thus acquired imercasc | diyness mm the descent and having blown 
over the lake for too short a distance to matcially influcuce its 
moistuie, the air be omcs constantly dic: tll the nimmum 
from 2to4¥M igsreachc! Lhe lake breeve thercaftc: bens to 
diminish in force, and the au consequently becomes monster tll thi 
maximum vapour pressure uf the day occurs when the lakc bieeze 
dies away and the land biccze has not yet sprung up In thi 
winter months, when these bieezes do not prevail the curve of 
diurnal vapour pressure shows only onc maximum and minimum 


The relatwe humidity of the atmosphere must not be 
confounded with its vapour pressure or absolute humidity 
The relative humidity, or, as 1t 1s more frequently called, 
the humidity, of the air is the degree of its approach to 

saturation, Complete saturation 1s represented by 100 
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Deu —Dew 1s deposited over the earth’s surtace on 
comparatively clear and calm nights As the cooling by 
tcrrestrial radiation continues, the temperature of objects 
on the surface is gradually lowered to the dew point, and 
when this point 1s reached the aqueous vapour begins to 
ke condensed into dew on their surfaces The quantity 
deposited 1s in proportion to the degree of cold produced 
and the quantity of vapour in the air Dew 1s not 
deposited in cloudy weather, because clouds obstruct the 
escape of heat by radiation, nor m windy weather, 
because wind continually renews the air in contact with 
the surface, thus preventing the temperature from falling 
sufficiently low When the temperature 1s below 32°, dew 
fieezes as it 18 deposited, and hoar frost 1s produced. The 
dew-point practically determines the mnumzm temperature 
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of the night,—because if the temperature falls a hittle 
below the dew point the hberation of heat as the vapour 
is condensed mto dew speedily raises it, and if it rises 
higher the loss of heat by radiation speedily lowers it 
This consideration suggests an important practical use of 
the hygrometer, 1t bemg evident that by ascertaining the 
dew point the approach of frost or low temperature likely 
to injure vegetation may be foreseen and provided against 

Dwurnal Oscilatons of the Barometer —The general 
uharacter of the daily oscillations of atmospheric pressure 
is shown by the two curves of fig 2 The sold 
hne gives the mean oscillation for Bombay and the 





I1a 2 —Daily Oscillatior s of Atmospl eric Pressure 


dotted line that for Vienna, these two curves being to 
@ large extent typical of diurnal barometric oscillations in 
tropical and temperate regions as regards the two maxima 
and minima and the time of their occurrence 

A series of twelve maps of the lobe were prepared for 
June, showing, for all stations whence observations have 
been obtained, the deviations at noon, 2 pM, 4 PM, 
&c , Greenwich mean time, from the mean daily pressure 
and four lines were drawn indicating the positions of the 
two daily maxima and mmima at these hours For fully 
30° north and south of the equator the lmes of maxima 
and minima run north and south, but in higher latitudes 
these directions are changed, and the changes are chiefly 
conspicuous as regards the AM maximum and the PM 
minum Thus, for example at 6 pm (G M T) the 
line of PM minimum 1s for the latitude of London near 
16° W long , mn 30 N lat itis im 39 W long, m which 
the line runs south as far as 30° lat its ¢ wise thence 
turns south westwards to near the Falkland Islands 69° 
W long Hence in June the PM mimmum _ curs about 
three hours earlier mn the Falkland Islands than to the 
south west of Ireland, thus showing in a striking manner 
the influence of season on this phenomenon In the middle 
and higher latitudes in summer, proximity to the sea 
delays the time of occurrence of the AM maaimum and 
the PM minimum whilst in continental situations the 
4M maximum occurs much earlier than m lower latitudes, 
and the PM minimum nearly as late as at places near the 
sea In cases where the hnes of maxima and minima 
cross & region such as southern and western Europe, whose 
surface 1s diversified by large tracts of land and sheets of 
water, the deflexions are of a remarkable character 

The retardation of the time of occurrence of the 4M 
maximum 1s greatest in situations which, while emmently 
insular in character, are at the same time not far from an 
extensive tract of land Of this Holland presents the best 
example in Europe, and there the aM maximum, which 
at Paris occurs at 8 am, does not occur at Utrecht till 
9 304 mw, at Amsterdam till 12 30 pm, and at Helder till 
2PM There 1s thus as regards the same diurnal pheno- 
menon in June a difference of six hours between Paris and 
Helder Sicily and the south of Italy on the one hand 
and Madrid on the other present also the most striking 
contrasts Aga at Sitka (56° 50 N lat, 135° W long), 
which has one of the most truly insular chmates in the 
world, the a.m smaxmum 1s delayed to 2 30 Pu , whereas 
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at Astona, ten degrees to southward, it occurs at 9 30 
AM, and at Fort Churchill, mm Nevada, as early as 
7 am. There is thus as regards the same phenomenon 
a difference of 75 30™ between Sitka and Fort Churchill 

From hourly obscrvations made mm this month at the 
base, the top, and two intermediate poits on Mount 
Washington (\ H_) it was found that the time of occur 
rcnce of the A maximum at the base of the mountain, 
which 1s 2898 feet above the sca, was 8 AM, at 4059 
feet, 10 am at 5533 feet 11 av, and at the top, 
6285 feet, noon Hence, as rcgards the time of occur- 
rence, the influence of an isolated mountain lke Mount 
Washington brings about a result similar to what 1s 
observed in insular situations But the analogy 1s even 
closer In insular climates the mmimum in the early 
morning 1s very greatly in excess of that in the afternoon, 
and the same relation is observed on the top of Mount 
Washington, where the former 1s —0020 inch and the 
latter —0004 inch Again in continental climates the 
minimum in the early morning 1s much the smaller of the 
two, and the same relation was observed at the base of the 
mountain where the observed minima were respectively 
0 006 inch and 0020 inch ‘The differences presented by 
the daily curve of pressure at the top as compared with 
that at the base of the mountain have their explanation m 
the effects which follow the diurnal range of temperature 
Ap» the temperature 1s at the mmimum at the time of least 
pressure in the morning the atmosphere 1s more condensed 
in the stratum between the base and the top, and conse- 
quently the barometer at the top reads relatively lower 
A» the temperature continues to mse during the day, the 
stratum of air above the base of the mountam expands, 
thus placing more air above the barometer at the top, so 
that, while at the base pressure begins to fall at 8 am, 
at the top it continues to rise till noon, simply from the 
mechanical upheaval of the air owing to the higher tempera- 
ture In the afternoon, when the minimum at the base 
falls to - 0 020 inch, itis only ~ 0 004 inch at the top, this 
relatively higher pressure at the top beng due to expansion 
from temperature The peculiar feature of the pressure 
curve at the top 1s essentially a temperature effect 

The diurnal oscillations of the barometer occur alike 
over the open sea and over the Jand surfaces of the 
globe The atmosphere over the open sea, as already 
shown, reste on a floor or surface subject to a diurnal 
range of temperature so small as to render that temperature 
practically a constant bothday and mght This considera- 
tion leads to the vital and all important conclusion that the 
diurnal oscillations of the barometer are not caused by the 
heating and cooling of the earths surface by solar and 
terrestrial radiation and by the effects which follow these 
diurnal changes in the temperature of the surface, but that 
they are primarily caused by the direct and ummediate 
heating by solar radiation, and cooling by nocturnal radia- 
tion to the cold resions of space, of the molecules of the 
air, and of its aqueous vapour These changes of tem- 
perature are instantly communicated through the whole 
atmosphere from its lowermost stratum resting on the 
earth’s surface to the eatreme limit of the atn osphere, 
which the fhght of meteors proves to be not leas than 500 
miles There are important modifications affectg the 
amplitude and times of occurrence of the four promment 
phases of the phenomena observed over land surfaces, the 
temperature of which 1s bemg superheated during the day 
and cooled dung the might, but it 18 particularly to be 
noted that the barometric oscillations themselves are unde- 
pendent of any changes of temperature of the floor on 
which the atmosphere rests. 

Let us first look at the phenomena in the smplest form 
as found in the Pacific, or ee ee i 
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surface of the globe The following are the mean vane- | 


thons of pressure from observations made on board the 
“Challenger,” September 1 to 12, 1875, n mean latitude 
1° 8 ® and long 150° 40 W, the mean being 29 928 
mches — 


Incl Ineh Inch 
2am -—0012 10am 0082 6P <u —0 028 
4 , ~-0022 Noon 0 006 8 0 004 
6 0 003 2pm ~—0 048 10 0 018 
8» 0 028 4 ,, -—0055 Midm ht 0 012 


The most striking feature in these oscillations is the 
amplitude of the range from the 4m maximum to the 
PM minimum, amounting to 0 087 inch and the rapidity 
of the fall from 10 am to 2 pm The same feature 
appears in all means deduced from observations made at 
Jeast 12° on each side of the equator 

From October 12 to 22, 1875, 1m mean lat 35°1 S$ long 
134° 35’ W, the mean atmospheric pressure was 30 298 
mches, and the difference between the 4™ maximum and 
the PM minimum was only 0036 inch $ and from July 12 
to 19, 1875, in mean lat 36° 16 N and long 156° 
11 W, the mean pressure was 30 325 inches, and the 
dofference between the aM maxunum and PM minimum 
was only 0025 inch Thus, with a mean pressure 1n the 
Pacific about lat 35°-36° N and S much greater than 
near the equator, the oscillation is much less, beng in the 
North Pacific less than a third of what occurs near the 
equator Sumularly, this oscillation 1s small (or even smaller) 
m the high pressure areas in the North and South Atlantic 
as compared with the same oscillation near the equator 

Tt 1s well known that aqueous vapour absorbs the heat 
rays of the sun considerably more than does the dry air of 
the atmosphere , how much more physicists have not yet 
securately determined Consequently air heavily charged 
with aqueous vapour will be heated directly by the suns 
rays as they pass through it mm a greater dezree than 
comparatively dry air 1+ Now it is shown further on that 
the prevailing surface winds outflow in every direction 
from the areas of high mean pressure in the Atlantic and 
Pacific about lat 36 N andS Since, notwithstanding, 
the pressure continues high, it necessarily follows that the 
high pressure 1s mamtained by an inflow of upper currents, 
and as the slow descending movement of the air connects 
the inflowing upper currents with the outflowing prevailing 
winds of the surface, it follows that the air over high 
pressure areis is very dry and that it 1s driest where 
pressure is highcst and the high pressure area best defined 
Hence over the bist defined anticyclonic regions the air will 
be least raised in temperature through all its heisht by 
the heat 1ays of tle sun 

On the other hand, between these high pressure areas of 
the great ocean» there isa belt cf comparatively low pressure 
towards which the north and south trades pour their 
vapour unceasinzl; ‘Lhe atmosphere of th belt of low 
pressure 1s thus highly saturated with aqueous vapour 
which rises in a vast ascending sticam of moist air to the 
higher regions of the itmosphere ‘These equatorial regions 
hus present to the yun a highly saturated atmosphere 
reachin,, to 1 very great height It 1s in these regions 
therefore that the atmosphere will be most highly heated 
by the sun» heat ray» as they pass through it One of 
the most stmkinz facts of meteorolozy ws the suddenness 
with which this barometric oscillation icreascy in amplitude 
on entering on these parts of intertropical re.ions and 
the rapidity with which its amplitude diminishes on 
advancing on the high pressure regions of the horse 
latitudes 1s equally striking The followimg are the mean 
oscillations in the middle regions of the four ,reat oceans 
about lat 36° from the 4 M maximum to the P M minimum 
about the time of the year m each case when the sun 
is iighest m the heavens —Sonth Pacific, 0036 inch, 
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North Pacific, 0025 inch, South Atlantic, 0024 mch; 
and North Atlant, 0014 mch These am 
diminish as the ocean becomes more land locked with 
continents, or as the anticyclonic region becomes better 
defined and currents of air are poured down more steadily 
from the higher remons of the atmosphere 

If the temperature of the whole of the earth’s a 
were raised, atmospheric pressure would be diminished, 
for the simple reason that the mass of the atmosphere 
would thereby be removed to a greater distance from the 
earths centre of gravity Quite different results, however, 
would follow if the temperature of only a section of the 
earth» atmosphere were simultaneously raised, such as the 
section comprised between long 20° and 60° W The 
immediate effect would be an increase of barometric 
pressure, owing to eapansion from the higher temperature , 
and a subsequent effect would be the setting im of an 
ascending current more or less powerful, according to the 
differences between the temperature of the heated section 
and that of the air on each side These are essentially 
the conditions under which the morning maximum and 
afternoon minimum of atmospheric pressure take place 

The earth makes a complete revolution round its axis 
in twenty four hours, and in the same bnmef interval the 
double-crested and double troughed atmospheric diurnal 
tide makes a complete circuit of the globe The whole of 
the diurnal phenomenon of the atmospheric tides 1s there 
fore rapidly propagated over the surface of the earth from 
east to west, the movement being most rapid in equatorial 
regions, and there the amplitude of the oscillations 1s 
greater than in higher latitudes under similar atmosphenc, 
astronomical, and geographical conditions Owing to the 
rapidity of the diurnal heating of the atmosphere by the 
sun through its whole height, some time elapses before the 
higher expansive force called into play by the increase of 
temperature can counteract the vertical and lateral resist- 
ance 1t meets from the mertia and viscosity of the air 
‘Lull this resistance 1s overcome, the barometer continues 
to rise not because the mass of atmosphere overhead 18 
increased, but because a higher temperature has increased 
the tension or pressure When the resistance has been 
overcome, an ascending current of the warm air sets in, the 
tension begins to be reduced, and the barometer falls and 
continues to fall till the afternoon mumimum 1s reached 
Thus the forenoon maximum and afternoon minimum are 
simply a temperature effect, the amplitude of the oscillation 
bemg determimed by latitude, the quantity of aqueous 
vapour overhead, and the suns place in the sky 

All observataons show that over the ocean, latitude for 
latitude, the amplitude of the oscillations 1s greater in an 
atmosphere Inghly charged with aqueous vapour and less 
inadry atmosphere It 1s also to be noted that in very 
elevated situations, particularly mm tropical regions, the 
amplitude 15 greater proportionally to the whole pressure 
than at lower levels This 1s what 1s to be expected from 
the law of rachant heat by which more of the heat rays of 
the sun 1s absorbed by the air, and particularly by its 
aqueous vapour, mass for mass, in the higher than m the 
lower strat 

When the daily maximum temperatu.y 1s past, anu the 
temperature has begun to fall, the aur becomes more 
condensed in the lower strata, and pressure consequently 
at great heights 1s lowered Owing to this lower pressure 
m the upper regions of the air, the ascending current 
which mses from the longitudes where at the tune the 
afternoon pressure is low flows back to eastward, thus 
increasing the pressure over those longitudes where the 
temperature 1s now fallng This a quast-tidal 
movement occasions the PM increase of preasure, which 
reaches the maxunum from 9PM to nugnight, according 
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to latatutle and geographical position This maximum is 
therefore caused by accessions to the mass of the atmosphere 
overhead, contributed by the ascending currents from the 
longitudes of the afternoon low pressure immediately to 
westward 

As midnight and the early hours of morning advance, 
these contributions become less and less and at length 
cease altogether, and pressure continues steadily to fall 
But between the tame when the mcrease of pressure from 
the overflow through the upper regions of the atmosphere 
peases and the time when pressure increases from the heat 
jays, direct or indirect, of the returning sun or dunng the 
hours of the night when the effects of nocturnal radia 
tion are the maximum, pressure 1s still further reduced 
from another cause Radiation towards the cold regions 
of space takes place, not only from the surface of the 
globe, but also directly from theymolecules of the air and 
its aqueous vapour ‘The effect of this simultaneous cool 
ing of the atmosphere through its whole height 1s neces 
genily a diminution of its tension Since thi takes place 
at @ more rapid rate than can be compensated for by any 
mechanical or tidal movement of the atmosphere from the 
regions adjoining, owing to the inertia and viscosity of the 
air, pressure continues to fall to the mornmz mmmum 
This minimum is thus due, not to the removal of any of 
the mass of air overhead as happens in the case of the 
afternoon mimmum, but to a reduction of the tension or 
pressure of the air consequent upon a reduction in the 
temperature through radiation from the aerial molecules 
towards the cold regions of sprce In the open ocean the 
morning minimum 1s largest in the equatorial regions, and 
it dimimshes with latitude but the rote of diminution 
with latitude through anticyclonic and other regions 18 
generally less and more uniform than in the case of the 
afternoon minimum 

The amplitude and times of occurrence ot the phases of 
the diurnal barometric tides are subject to srevt modifica 
tions over the land The amplitude of the oscillation 
from the mormng maximum to the afternoon mmimum 1s 
greatest where the atmosphere is driest and the sky 
clearest, and least where the atmos} here 1s h zhly saturated 
and the sky more frequently and densely «cvered with 
clouds, bemg thus generally the reverse of what 1s observed 
to take place over the open sea The meteorolo,y of India 
affords the most stmking illustiations of thisiemarh At 
Bombay in April durmg the dry atmosphere and clear 
skies of the north east monsoon the os illation is 0 116 
anch, but m July durmg the humid atmosphere and 
clouded shies of the south west men n it falls to 0 067 
mich In the Punjab where the an 1 dit it 1s much 
greater, rising in exceptional years suchas 1592 to 0 187 
weh The much greater amplitude ot this oscillation on 
land as compared with the open sea 1s entircly due to the 
heating of the earth By this hcatin, of the surface the 
lower strata of the air become also highly heatcd and the 
tension 18 increased , and, since the an does not capand 
freely, vertically and laterally, from its incrtia and viscosity 
the barometer rises When, however the resistance is 
overcome, the ascending current which sets in 1s stronger 
owing to its higher temperature Sime this higher 
temperature which has its orisin m the superheated 
surface 1s in addition to the direct heat. of the air by 
the heat rays of the sun as they pass thrugh it, the 
morning maximum and the afternoon minunum over land 
are both more extreme than over the ojen a It follows 
thét this oscillation 1s much larger over land, and largest 
1n chmates where insolation 18 strongust 

In places already referred to where the morning mau 
mum 1s greatly retarded, such as Helder, Sitka, Valentia, 
sod Falmonth. 4ife afternoon mmimum in the summer 
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months 18 smgularly small,—so small mdeed that 1t does 
not fall sq low as the mean pressure of the day This 
pecultanty mm the diurnal barometric tide 1s in all prob- 
abilhty due to thei insular position to the westward of 
a more or less extensive tract of land, oy which a tidal 
overflow 1s propagated through the upper regions from the 
contmental towards the insular situations This tidal 
overflow receives its impulse from the ascending current 
from the land, which rises sooner and stronger from inland 
than from insular situations On the other hand, on the 
open sea, and away from Jand in regions where the morn 
| ing maximum and afternoon minimum are both small, the 
minimum always falls below the mean of the day, and the 
time of occurrence of the maximum 1s not retarded as 1s 
the casein insular situations A map of deviations from 
the daily mean pressure of the morning mimmum m 
summer shows as regards the middle and higher latitudes 
that it 1» greatest near the sea, and least in inland con 
tinental situations Indeed in the mterior of the Old World 
continent the dip i the curve in the early morning 1s so 
| small that the mmimum does not fall below the dasly mean 
pressure, but at most places remains considerably above 1t 
The same relations are seen in north western Europe, where 
the morning minimum is-0020 mech at Valentia and 
Falmouth,-0018 mch at Helder, and-0012 mch at 
Amsterdam, whilst at Kew it 1s only-0002 mch From 
its compact form and relations to the surrounding ocean, 
the Spamsh Peninsula well illustrates the pecuhantaes of 
this phase of the pressure The deviations from the daily 
mean pressure of the mornmg mimimum are at Lisbon 
-0 022 inch and Coumbra-—0011 mech, but at Madnd 
in the intenor + 0 009 nch,—pressure m the last case, just 
as happens in the interior of Asia, not falling so low as the 
daily mean 
The larger mimmum near the sea arises from the higher 
temperature there durmg the mght as compared with 
more inland situetions from which results a tidal overflow 
through the upper regions from the sea towards the land, 
a» the temperature of the latter falls lower than the sea 
during the might The effect of this overflow 1s to reduce 
thc pressure over those regions whence 1t proceeds and to 
increase 1t m those regions over which it advances The 
shallowing of the morning minimum 1s greatest m the 
higher latitudes of continental climates and most complete 
at great elevations, where in some cases the mmimum 
vanishes,—in other words, where the amount of aqueous 
vapour 1s small and the time 1s short durmg which no part 
of the atmosphere overhead 1s touched by the suns rays 
Since the peculianty 1s observable m the curves over nearly 
the whole content, appcaring even in the low latitudes 
of Calcutta and Madras, it might be suggested whether we 
have not evidence here of a vast tidal movement propagated 
through the higher regions towards that trough like section 
of the atmosphere as 1t movc~ westwards over the continent 
_ where the temperature of the lower strata of the air 1s 
about the minimum of the day and pressure also about 
the minimum 
Reference has been made under ATMOSPHERE to the 
smallness of the range from the a“ maxnunum to the P 
minimum in the North Atlantic during summer This 
phase 1n the diurnal distribution of pressure 1s represented 
in fig 3, which shows for June the mean amount of 
the oscillation by hnes of 10, 20, 40, 60 0, and 100 
thousandths of an ich, or 0010 mch, 0020 meh de 
This abnormality begins in March, attains the maximum 
| June, and terminates in October It 15 thus confined 
to the warmer months of the year, and, unlike most 
| meteorological phenomena, 1s not cumulative, but follows 
the sun, so that its maximum occurs m June, and not nm 
July as that of the temperature of the air. or mn August as 
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the temperature of the sea The smallness of this range 
over the North Atlantic, which 1s less than occurs in any 
other ocean in the same latitudes, 1s to a large exfent 
caused by the small dip in the diurnal curve of the after 
noon mmimum 
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If the map of the distribution cf pressure over the globe 
for July be examined (fig 17) 1t 1s seen that this part of 
the Atlantic 13 occupied by a well defined area of high 
mean pressure,—hizher mdeed than occurs at any season 
over any occan, and it 15 shown below that out of this 


area the surface winds blow im all directions But, since 
air is constantly bemg draincd out of this region by 
the wind without diminishing the pressure, it follows of 
necessity that the high pressure must be maintamed by 
accessions of air recerved from above throush the upper 
currents Now the rcgions whence such accessions can 
come are the upper currents which have their omgin in the 
ascending currents th vt rise from the heated plains of Africa, 
Europe, the belt of calms, and the two Americas sur 
rounding the North Atlantic It 1s evident that the mayor 
portion of each days overflow of air from the continents 
through the upper regions of the air upon the Atlantic, 
whether this overflow tikes place by convection currents or 
from a tidal movement similar to what has been already 
described, will take place during mid afternoon In other 
words, the overflow will occur about the time of the after 
noon mummum of the Atlantic, thus diminishing the dip of 
this minimum, and so producing the abnormally small ranze 
now under examination It 1s in favour of tlus view that 
the abnormality follows the suns course and 1s not cumula 
tive, and 18 felt also on both sides of th Atlantic, even 
although the weather on the east side 1s dry and all but 
rainless, and on the west moderately moist and characterized 
by a rather copious ramfall It i» also full of significance 
that the pecuharity 1s most strikingly seen in that part 
of the ocean of the globe which is closely hemmed in by 
large masses of land 

Influence of the Moon on Atmospheric Pressure —Fifteen 
years’ hourly observations have been made at Batavia and 
discussed by the late Vr Bergsma in their relation to the 
lunar day, which was assumed in the calculations to com 
mence with the time of the upper transit of the moon The 
result of the inquiry 1s that atmospheric pressure at Batavia 
has a lunar tide quite as distinctly marked as the ordinary 
diurnal barometric tide, except that 1ts amplitude 1s much 
less The four phases are these — 


‘ 1st max +0 0022 inch at lunar hour 1 
istimn -00021 , 7 
2d max +00025 , 18 
2d min —0 0024 ; 19 


The lunar tide has the important difference that its phases 
tollow the moon’s apparent course much more closely than 
the ordinary diurnal fluctuations of the barometer follow 
that of the sun The two maxima occur about the Ist and 
13th, and the two minima about the 7th and 19th, whereas 
these four daily phases of the diurnal barometric fluctua 
taon occur with reepect to the sun’s apparent course from 
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one to six hours later It 1s teresting to note that m the 
Ingher latitudes in inland situations durmg winter, or at 
times and in situations where the disturbmg infinences of 
temperature and humidity tend towards a mimmum, the 
times of occurrence of the four phases of the daily oscilla, 
tion of the barometer approximate to those of the daily 
lunar atmosphric tide 

Since a distinct lunar tide 1s traced to the attractive 
influence of the moon, it follows that the attractive 
influence of the sun will enter as one of the several causes 
which determine the phases and amplitude of the diurnal 
barometric curve It also follows from the much less 
attractive influence of the sun than that of the moon on 
the earth’s atmosphere that the effects of the sun’s attrac 
tion on the pressure will be wholly concealed by the much 
larger effects of the other forces concerned in determming 
the diurnal oscillation, exsept im the case or cases where 
the variation in the fluctdation 13 small at land 7 am 
and land 7 Pr. Now at places north of lat 45° N the 
variation at 1 am is small durmg the winter, and it 18 a 
singular fact that some years ago Rykatchew of St 
Petersburg drew the attention of meteorologists to the 
existence at these northern stations of a faintly marked 
third maximum and it 1s further of importance to remark 
that, at many place» where on the mean of years the third 
maximum 1s scarcely or not at all marked, 1t appears m 
the mean of some of the separate years Thus, though it 
does not appear in the mean of the twenty years ending 
1873 at Greenwich for January, it appears in nine of the 
individual years It 1s ighly probable that this max 
mum, which maj be named Rykatchew» maximum from 
its discoverer, 1s due to the attractive influence of the sun, 
its amplitude and time of occurrence beinz m accordance 
with such a supposition 

Diurnal Varration of the Torce of the Wend —During 
the three and a half years cruise of the “Challenger,” 
ending with May 1876, observations of the force and 
direction of the wind were made on 1202 days, at least 
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twelve times each day,—650 of the days being on the oyfen 
sez and 552 near land The observations of force were 
made on Beaufort’s scale 0-12, bemg the scale of wind- 
force observed at sea The mean diurnal force of the 
wind on the open sea and near land resPuctively 18 shown 


WIND FOROE.} 


in fig 4, where the figures on the left are Beaufort’s scale, 
, and those on the mght the equivalents in mules per hour 

The solid le shows at the different hours of the day 
the mean force on the open sea, and the dotted line the 
mean force near land 

As regards the open sea it 18 seen that the diurnal 
variation 1s exceedingly small, there being two apparent 
shght maxima, about midday and midnight respectively 
On examining, however, the separate means for the North 
and South Atlantic, North and South Pacific, and the 
Southern Ocean, there 1s no uniform agreement observable 
among their curves, the slight vaiiations which are met 
with bemg different im each case It follows therefore 
that the force of the winds on the open sea is subject to 
no distinct and uniform diurnal variation The difference 
between the hour of least and greatest mean force 1s less 
than a mile per hour 

Quite different is it, howcver, Mth the winds encountered 
by the “Challenger” near land, the force of the wind 
dibere giving a curve as pionouncedly marked as the 
ordinary diurnal curve of temperature The mimmum 
occurs at 2to 4 aM and the maximum from noon to 4 
pm, the absolute highest being at 2 pm The curves 
constructed for each of the five oceans from the observa 
tions near land give one and the same result, or a curve 
closely accordant with the curve of diurnal temperature 
The differences between the hours of least and greatest 
force are as follows —-Southern Ocean 64 miles, South 
Pacific 4} mules, South Atlantic 34 mules, and North 
Atlantic and North Pacific 3 miles per hour 

In the case of each occan the velocity of the wind on 
the open sea 1s considerably in exces, of that near land, 
but m no case does the maximum velocity uear land, 
attamed about midday, reach the velocity of the wind on 
the open sea The 650 daily observations on the open sea 
give a mean hourly velocity of 175 mules, whereas the 552 
near land give a velocity of only 12? miles per hour The 
difference 1s greatest at 4 aw, when 1t amounts to upwards 
of 6 miles an hour, but 1s diminished by the msing tem 
perature till at 2 pm it 1s less than 3 miles an hour 

At Mauritius which 1s situate 1 within the south east trales the 
minimum velocity of the wind 15 9 7 mules ycr hou occuring from 
2to 3ay from which 1t mses to the maximum 18 v miles from 
1to2 Pu, the mflucnce of the sun bung thus to double the wind s 
velocity At Batavia situated in a region whee the mean baro 
metric gradient 1s much smaller the diffcrences aie still more de 
cided From 1 to6 aM 85 per cent of the whole of the obser 
vations are calms whieicas from noon to 21 M only 1 jer cent 
are calms In all months the muumum velocity occuis m the 
early morning when the temperature 1s lowest an{ the ma\imum 
from 1 to 3p“ when the temperature is highest the mean 
munimum and maximum velocities being to each other as 1 to 21 
At Commbra the mean maximum hourly velocity is five times 
greater than the mimmmum houily velocity in summer wheieas in 
winter it 1s only about a half more At Valentia m the south 
west of Ireland, one of the win licst situations in western kuope 
the three summer months of 1878 gave a mcan hourly velouty of 
18 3 miles per hour the mmmum osuillatm, from 10 to 11 mil: 
an hour fom9 PM to61™ and the maumum ceeding 16 
mules an hour from 11a toorM Lhe absolute lowcst hourly 
mean was 10 milesat ll pM and the high st 18 mils at 11 M 
the velocity about midday bemg thus neatly double that of the 
night Many observations mi,ht be aldel to the ¢ imclu ling 
those published by Hann Koppen Hambeig anlotl ts wh I go 
to establish the fact that the curves of tho dimmnal vauiti n f th 
velocity of the wind generally conform to the diurnal cuiycs of 
temperature e curves are most strongly mathed duim., the 
hottest months and the maximum velocity ovcuts it 11 WM ol 
shortl) thereafter being thus before the time of oceuncnce of the 
maximum ee of the day and the minimum in the early 
morning, or about the tame when the temperature falls to the 
lowest The rule also holds good wath all winds whatever be thur 
direction The exceptions to this rule aie so few and of such a 


kind that they are probably to be attributed to causes ~ ~~ 
Ieee dfs ioeal: chavace: aa ora een 


Hann has shown, for a nuinber of places 1n northern Europe, that 
ith a clear aky the*¥elocity 1s doubled fiom the mumumum to th® 


METEOROLOGY 


125 


maximum, with a sky half covered the vélocity 1s three fourths 
greater, and with a sky wholly covered the velocity 13 only a half 
more On the other hand at the stnctly mland situation of Vienna, 
with a clear sky the velocity 1s double and with a shy half covered 


an dee theedan anandan 1 a naenend aber tha danwmal wama 


of a velocity not excceding 30 kilometres an hour show a mean 
diurnal mcrease fiom 11 kilometres at 6 AM to168atlermM but 
that winds of velocity exceeding 30 kilometies an hour exhibit only 
a famtly marked aul urc,ulai increase of velocity during the day 

In offermg an explanation of this remarkable fact regard 
ing the diurnal! variation in the velocity of the wind in all 
chmates, 1t 1s to be remarked that the mmimum velocity 
occurs when terrestrial radiation and its cffects are greatest, 
but the increase of the velocity closely follows the sun, 
and the maximum 1s reached nearer the time the sun 
crosses the meridian than perhaps any of the other maxima 
or minima of meteorology which are dependent on the 
suns diurnal course _It 1s also to be noted that the winds 
over the open sea are practically uninfluenced by solar 
and terrestrial radiation, for there the diurnal curve of 
variation in the force of the wind 1s all but a straight hne 
On nearing land, howcver, the winds force exhibits a 
diurnal curve of variation as distinctly marked as, and 
bearmg a close resemblance to, the analogous curve of 
temperature, while on the land itself these features 
become still more decidedly pronounced Lastly, the 
amount of the diurnal variation of the temperature of the 
surface of the sei 1 less than a degree, whereas over all 
land surfaccs the diurnal variation of the temperature 1s 
large, even where the ground 1s covered by vegetation, and 
enormously large over sandy wastes 

From this it follows that, so far as concerns any direct 
influence on the air itself, solar and terrestmal radiation 
exercise no influence on the diurnal increase of the velocity 
of the air with the incrcase of it» temperature,—or, 1f any 
influence at all, such influence must be altogether insig 
nificant, a» 1s conclusively shown by the wind observations 
of the “Challenger ’ over each of the ‘ive great oceans of 
the globe The same observations show that on nearmg 
land the wind is everywhere greatly reduced m force 
The retardation 1s greatest during the hours when the daily 
temperature 1s at the minimum , and 1t 1s particularly to 
be noted that, though the temperature mse» considerably, 
no marked increase in the velocity sets in till about 9 a.m, 
when the temperature has begun to mse above the daily 
mean From this tame the increase 1s rapid (see fig 4), 
the maximum 1s reached shortly after the period of strongest 
insolation , and the velocity fall» a little (but only a little) 
during the next three to five hours, according to season, 
latitude, and position, and falls again to near the mmmum 
shortly after the hour when the temperature 1s at the 
mean Even at the maximum, the velocity near land 
falls considerably short of the velocity which 1s steadily 
maintained over the open sea by night as well as by day 

The period of the day when the wind» velocity i» m 
creased 1s practically hmited to the hours when the tempera- 
ture 18 above the daily mein, and the imfluence of this 
higher temperature 1s to countcract to some extent the re 
tardation of the wind» velocity resulting from friction and 
from tie viscosity of thu an The increase mm the diurnal 
velocity of the wind is in all probability due to the super 
heating of the surface of the ground and to the con quent 
asccnsional movement of the air, tending to counteract the 
effect of frction and of viscosity between the lowermost 
stratum of the air and the zround It 1» of importance 
in this connexion to heep in view the fact that in cloudy 
weather a temperature much higher than might have been 
supposed is often radiated from the clouds down upon the 


| earth’s surface,! which accounts for the phenomenon of the 
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diurnal variation m the wind’s velocity occurring frequently | 
also in cloudy weather On the other hand during the 
night, when terrestrial radiation 1s proceeding, the tempera 
ture of the surface falls greatly, and instead of an 
ascensional movement in the lower stratum of the air there 
1s rather a tendency towards a descensional movement (if 
the wind be light there 1» an actual movement) of the 
lowest air stratum down the slopes of the country, and 
since the friction between the wind and the surface of 
the earth 1s thereby increased the diurnal velocity of the 
wind falls to the mimimum dunng thvse hours (see also 
» 156 
te the most marked exceptions to the general rule 
of the diurnal distribution of wind force may be cited the 
bitterly cold furious blasts of wind cncountered in narrow 
valleys in such mountainous regions a» the Alps during 
clear and comparatively calm mghts These are simply 
the out rush of the cold air poured into the upper basins 
of the valleys by the drscensional currents froin the slopes 
which the chilling effucts of terrestial radiation set m 
motion On the other hand, the au of the valleys becomes 
heated and capands during the diy, thus giving rise to a 
warm wind blowmy up the valleys, which, on account of 
the vapow 1 carries with 1t from the lower levels, fre 
quently covers the highei slopes and top» of the mountains 
with cloud and drizzling ram 

Dvurnal Varvation wn the Durection of the Wind —In all 
climates near seas and other large sheets of water, where 
the distribution of atmospheric pressure 1s tolcrably cquable, 
or the barometric gradient small, and the sun heat 
moderately strong, land and sea breezes are vf daily 
occurrence. In such places a breeze fiom the sea gradually 
sets in in the morning, which gradually rises to a staff 
breeze during the heat of the day and again towards 
evening sinks toa calm Soon aftu this a breeze sets in 
from the land, blows strongly seaward during the might, 
and dies away 1n the morning, giving place to the sea 
breeze as before These breczes are occasioned by the 
surface of the land bemg hcated in a much higher degree 
than that of the ser durmg the day, the ur over the land 
being thereby made lighter ascends, and it» place 1 
supplied by the cooler air of the sca breeze drawn land 
ward, and partly also by descendins currents, as shown 
by the humidity observations of the ‘ Challenger,” which 
dicate incrcasing dryness when the sea breeze 15 strongest 
Again during the mght the tempcriture of the land and 
of the air over it falls below that of the sea, and the air cf 
the land thus becom heavier and denser flows over the 
seaasaland breve As the best maked and most fre 
quently occuring cases of the sca Ince7ve bem some 
distance out at ea and zridually approach the lund, it 1s 
very probible that, as suzzested by Blanford, the ascond 
mg heated an flows seaw ud as an upper current a | that 
the increatd baromctiic gradient this cused hiriuy 
accounts tor these breezts 


Sa and land breezes 1c thus determined by the relat € yt 
thons of the lund and its coasts subject ty a fu th 2. iat n 


arins 10m the rotation of the cath Jius uth cwictte 
Gulf of Lyons the sa br wv from thes uth v as t lv ¢ 
and dis awis asawostwudl while th Janilic fi u 1ih 
uallyvec tonith wtanlhsiawiyi a ativerd On 
ecoaxtof (lyiia ou le ther hinl the cab ov var fi a 


north to noth cast and dus away im the cit vhra the sit 

Jand breez, vec1> to sout! w st inl tics away tl wet Sen 
breezes also occur insu huns tt) io hmitsas that { S tlan] 

when the weather con tition are fivomalle = Lhe wlitia are 
presented when an antuyclone ovuspicads the ¢ unt vith its 
accompanying fine settle 1 wevthe smoll vauati n im the dist 

bution of atmospheric pressur charsl1» ind nu ju nth strony 
sunshine Under these conditions the tollowim, ale the vecmus of 
the wind off the coast of Berwi khshne In the morning the wind 3s 
north west til] about 10 4 w , when it vcers to north falling all the 
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froin north east or east, veera to south-east from 2to BPM, 
if continues till 7 P M , about which tame:t veers to south and then 
south west, dimunishing in force and finally toacalm, Abdut 
sunset 1t springs up trom west, veermg to north west duting ‘the 
night, where 1t continues tall the following mormng The this 
virtually makes the round of the compass, 1s strongest from north- 
west and south east and weakest at north east and south west, 
thus strongest when its course 18 pe ndicular to the line of coast. 

The observations made by the “C r’ in the iegion of the 
north east trades in 1873 show a small diurnal variation in the 
direction of the wind, the variation being from bh 47°56 N at ® 
to6am tok 56°N at 10 4m to 2 PM, the variation beng 
thus 8° 55 towards noith durmg the hottest hours of the day At 
Maurttius observatory, which is sevetal males from the sea, the 
daily period m the direction of the wmd 1s from E 22° 15'S 
at 44M, being the most southely pomt, to E 7°S8 at lem, 
and thence bach to E 22°15 S at 44m The diurnal varw- 
tion 1s 15° 15, and thus the influence of the sun impresses on the 
wind at this obstivato1y a mote tinly easterly character 

At the Austrian naval station at Pola, nea the head of the 
Aduati, the daily vauation in the anection of the wind 18 weil- 
mathed Starting fiom a pant east of south at 5 aM, 1¢ gradualty 
veers round to westwaid the most westeily point, almost due west, 
being reached at ito 61 0 afte: which 1t gradually shifts back to 
its staring point inthe morning Here we have evidently a diurnal 
wind system difttrent fiom thit of the land and the sea breeze 
Pola 1s situited near the soath western extiemty of the penmeula 
of Istria and the direction m the early mommy of east by south 18 
the duection the wind would take 1f a small anticy clone overspread 
the peninsula and the direction from the west m mid afternoon 
1s vhe direction thc wind would have at Pola if the pemnsula were 
occupied by a small cyclone with the lowest pressure in the centre 
Now the mfluence of solar 1adiation 1s to form, through the 
asucnding current from the heated land a diminution of pressure 
ove the land —m other words whitis esstntially acyclone On 
the othe: hand, duimg the night the mflucuce of terrestrial radia 
tion 1s to genciate thronzh the cooling of the land and the ar 
resting above it a ielatively higher atmospheric pressure 1n the 
interio: of the penmsula with its characturstic system of out 
blowing winds 

At Commbra in July 1878 the diunal \ anation of the wind 5 direc- 
tion Was from W 49 387 N at 2toobam to W 38°15 N, 
at4to6r~ theamount of the vanation bemg thus 16° 22 1m the 
ducction of west At Valentia mn the south west of Ireland, during 
the sumintr months of 1878 the diuinal variation of the wind’s 
duection was fiom W by bd at 7 to9 AM to SW by 
W at5to7 1M The vaniation was thus fiom a point nearly 
south to a pomt neatly southwest «2 though marly 45 
in the duection of west On the othta hand at Aberdeen 
dims the same moiths cf 1878 the diuinal vuation of the 
winds duection was fiom SW atot»7am toS by i at 12 
to4imM_ the variation being thus 56° from south west in the 
direction of cast through south Attention is hie drawn to the 
caactly opposite wavs nv hicl the diurnal veermgs on shifting of 
the wind takes places it Valentia and Alcrdcen but particularly to 
the umpoitant cucumstance that im cach cwe the diuiunal cha 
iu the winds direction which actually oceut ate precisely tile hat 
would take place on the supposition that duiiig the hottest hours 
of the day an ascensional movement of the ai sets in fiom the 
hated lands of the British Islands and that an im dtaught takes 
place all 1ounl which with the descending current» makes good 
th los» cause Ly theup draught hus then both thc diurnal 
mmcreise 1n th wads velouty and the change mm 1t duection 
which obscis ation shows to take place durin the hoticst hours of 
th div an trac d to the sume cause vie the heiting of the 
suac Ly the sun the heating of th low st stratum of au isting 
onile surta ¢ an the asccusional movcments Which arc the neces 
suy result 

It is instru tive to ucte that at Nukuss at some distance to the 
5 uth of the Scact Ayal where the sume direct on of the wind w 
northerly the north comycnent 1s at the daly maxrmum at 41M, 
havin, shift 1 mto this dae trom fiom north east, where at is at 
94m Mu hor nearly everything remains to be done 1m workmg 
cut this pr bl mu ats pia f1 al details us one of the umportant 
cleinents o clisuit Icy wath the view of ainving at some dehnite 
knowl Ige of the influcnce of | hystcal conhguration and different 
vex table co rings of the surfue on radiation and on the velocity 
and dnectir:of th wind 


Duirnal Variation in the Amount of Cloud —Mists and 
fogs arc visible vapours floating in the ait near the surface 
of the carth, and clouds are visible vapours at a conmder- 
able haght These forms of visible vapour are all produced 
by whatever lowers the temperature of the air below the 
dew point,—such as radiation from the molecules of the 


time tll finally r}sinkstosvalm A little before noon it swans up | atmosphere towards the cold regions omspace, the sunple 


cLonp.] 


expanmon of the air of ascending currents, the ming of 
¢ cold ar ‘with air that 1s warm and mot, and the cooling 
* of the air m contact with the surface of the earth when its 
tare has been lowered by nocturnal radiation 

The forms of clouds are endless Since clouds are 
subject to certain distinct modifications from the same 
causes which produce other atmospheric phenomena, the 
face of the sky may be regarded as indicating the operation 
of these causes, just as the face of man mndicates his mental 
‘nd physical states Hence the importance of the study 
# clouds, and hence the necessity of a nomenclature of 
clouds as the basis of accurate and comparable observations 
An adequate nomenclature of clouds 1s still a desideratum 
Luke Howards classification which contimues to hold its 

und as a provisional nomenclature, was propcsed by 
him m 1803, and by it clouds art considercd 1s divided 
into seven kinds Of these, three are simple forms the 
currus, the cumulus, and the st: a@us , and four intermediate 


or compound, the crrro cumulus, the cerro-stratus, the 


qcuinulo-stratus, and the cumulo cirro-str atus, numbus, or rain 
cloud 

The cirrus cloud consists of wavy, parallel, or divergent 

filaments, which may increase 1n any or all directions §=It 


1s the cloud of the least density, the greatest elevation, and - 


the greatest vanety of figure It 1s probable that the 
particles composing 1t are minute crystals of ice or snow 
flakes The cirrus 1s intimately connected vith the great 
movements of the atmospherc and it 1 solely from the 
movements of the cirrus that we have any direct know 
ledge of the upper currents of the atmosphere In recent 
years much has becn done, particulaily by Professor 
Hildebrandsson of Upsala and Clement Le} m imvesti 
gating the relations of tlus cloud to storms and other 
changes of weather 

The cumulus 1s the name applied to those convex or 
conical heaps of clouds which mcreise upwards from a 
horizontal base They are generally of a very dense 
structure, are formed in the lower regions of the atmo 
sphere, and are carried along by the acral current next 
the carth They form the tops of the ascending curients 
which rise from th heated ground and have a diurnal 
period 69 well marked that they are often named the 
“cloud of thu day The form of stratus comprehends 
those mists and fogs which in the calm evening of a warm 
summer day make their uppcarance in the bottom of + alleys 
and over low lying grounds, and somctumes spreid upwards 
over the surrounding countiy lke .n iundation they 
have an equally well matked duly pemod and are 
frequently called the ‘cloud of mht The curro 
cumulus 13m de up of smul rowndish masses lyinz near 
each other, ind quite separated by intervals of shy = It 
may be considetcd as formed trom the cinus by the fibres 
of that cloud breakmz as it were and collipsmz into 
roundish masses, thus dustioying the turturc Lut rctummy 
the arrangcment of that cloud This s nouluily Lcautiful 
cloud 1s commonly known as a mackciel shy, ind Js of 
most frequent occurrence during dry warm summa we ithe 
The carro stratus consists of horizontu mass thmned 
towaid, the circumference, bent downwards o: undulat 
ing, and either scyaratc or m groups Since this cloud 
has great eatent and contmuity of substance but little 
perpendicular depth o1 thickness, it 6 the chud which 
most frequently fulfil, the conditions for the } hunomena 
of corone, solar and lunar hos, parhelia or mock suns 
and paraselene or mock moons ‘Lhe cumulo stritus 
1# formed by the curro-stratus blending with the cumulus, 
or spreading underneath it as a horizontal lay of vapow 
The cumulo-curo-stratus, or nmbus, 1» thu well known 
rain cloud, which consists of a cloud or system of cloads 


fzom whioh raigyis falling, At a considerable height a | 
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gheet of cirio-stratus cloud 1s extemaed, under which 
cumulus clouds drift from windward , these rapidly m 
ereasing unite and appear to form one contmuous grey 
mass from which the ram falls The breaking up of the 
lower grey mass indicates that the rain wil soon cease 
When a rain cloud 1s scen at a distance, curr: appear to 
shoot out from its top m all directions, and it 1s observed 
that the more copious the ramfall the greater 1s the dis- 
play of cirri The crus, cirio cumulus, curo stratus, 
cumulo stratus, and mimbus are connected more or less 
closely with the gicat atmospheric movements of the 
cyclone and anticyclone In what follows here only the 
amount of sky covered will be taken into account, and not 
the specics of cloud covering 

The diurnal variation in the amount of cloud im the sky 
on the open sea is very small The following arc the means 
of two hundred and seventy seven days’ observations on 
board the “Challenger, stated m percentages of sky 


covered — 


2am 59 104m 68 6px 57 

, 59 Noon 56 8 ,, 57 
0 , 62 21M 58 10 ,, 87 
8 62 4 , 69 Midnight 57 


Two maxima are here mdicated, the one about or shortly 
after sunrise and the other im the early part of the 
aftcrnoon and two minima, the one at noon and the other 
from sunset to midnight The difference between the 
extremes 1s only 6 per cent of the sky 

At Latavia the tail) m-\uium 5s ficm 6 to 11 1M and the 
minirum from § tc 11 1 the extremes bang v2 per cent at 
Gam and 69 perc nt it 71 W —a difference of 17 percent Of 
‘our daily obse\ations at Mauntius the maximum 1s 50 per cent. 
at13M and the mmimum 3d yer cent at6am At Coimbra, 
ols 1vations of clouds | we been made five times daily and six 
veals results pve the maximum 63 per cent at 9 PM and the 
minimum *2 yer cent at9aw At this place, durmg July and 
August tlc grcatest amount of cloud occur at 6} M and in these 
months the rainfall at Coimbra is very small The mimumom 1s 
mmore piouounce! at $ Aw than at any other pernod in winter 
this phase occurs about tour hours late: At the continental 
situ tion of Vienna during the warm months of the year the max 
mum is at 21M. wit] a sccondary maximum about 6 4M, and 
the miuimum fiom 101 Mu te 24M but dwing the cold months 
the maxunum is at 6 4 0 an] the 1:m1mum durmg the evemng 
ailmght Inthe h hy Mcuntams the chief maximum 57 per 
ent watdi uw withas ccnlary one 00 per cent atu a W, and 
the chief minimum = ats A Wand a secondary one 29 at ll PM 
At Helsing! is th maximu 2 ofc! ud occms from 104 ot to2 Pw, 
and the mummun fiom 10! wo tu24 4 

Much yet remain. to be done with regad to the 
determination of the diuinal vanation of cloud, but from 
the above one o1 two dc tuctions of a gencral character 
may be drawn 1 miaumum occurs im the mornug and 
continucs till shortly ifter the sun has risen and this 
maximum Is more decididly pronounced over the open sea 
than over land Its yprarancs 1s without a doubt due to 
the general corlmz cf the atmo phe thicugh its whole 
ha,ht by terrestrial rubition and it di apy carance to 
the heatmye ot the an who h cau co ces about sunrise 
Then follows onc ot the diurnal momni which contmues 
till midday, or a ht le liter im other words, it continues 
till, owme to the diwinal heating of the ar by the sun, 
the aeendmg ament his fuly sct m = The panned of 
this ascendinz current mitks the second maxyuum which 
during the wirmer months ws luc: than the mormmg 
maxmum over lind The cumulus 1 the characteristic 
cloud of this maumum There clouds ar merely the 
summits of the ascending currents which mse trom the 
heated land, whue the aquecus vapow is condynsed im 
uloud by the eapansion which takes plice with mcrcase of 
height 

These cumulus clouds throw a not ummportant light on 
the behaviour of the astonding currents which nse from 
the surface when heated by the sun,—imasmuch as they 


128 


point to the fact that the current ascending from the 
surface 1s broken up and thereafter grouped into separate 
well-defined ascending currents, which are marked out and 
overtopped by these cumuli, and further it 1s probable, 
from their well defined position, that the air composing 
the ascending currents 1s not only warmer but also more 
humid than the air m the clear interspaces at the same 
heights It may also be regarded as nghly probable that 
it 18 down through these clear mterspaccs that the descend 
ing air filaments shape their course mn their way to take 
the place of the air molecules that ascend from the heated 
surface of the earth 

The secondary minimum occurs from about sunset 
onwards durmg the time of the PM maximum of atmo 
spheric pressure In a highly saturated atmosphere, which 
1s so characteristic a feature of many tropical climates at 
certain seasons, this tame of the day 1s remarkable for the 
amount of cloud, and it 1s during those seasons and hours 
that heat-hghtning, or hghtning without thunder, attains 
its annual and diurnal maximum period, which is from six 
to eight hours later than that of thunderstorms The 
morning maximum, shortly before and after sunrise, has 
two quite distinct and characteristic clouds accompanying 
it One of these 1s the cumulo stratus, which 1s a con 
sequence of the cooling of the atmosphere through all its 
height by nocturnal radiation As the colouring of the 
cloudlets is often singularly fine, 1t has been a favourite 
theme with poets of all ages and climes The other, which 
results from the cooling of the surface of the earth by 
terrestrial radiation and thence of the lower stratum of 
the atmosphere, 1s quite different, bemg a low creeping 
mist, appearing first m low lying situations, and gradually 
extending upwards as the temperature falls Fog 1s a 
well known form of this cloud, having its diurnal maximum 
in the morning and early part of the day 

Diurnal Varvation wm the Amount of the Ranfall — 
Fro the sixteen years duimg which hourly observations 
of the rainfall were made at Batavia Dr Bergsma has given 
a table showing the diurnal variation, of which the follow 
ing shows how much per cent of the total daily amount 
fell every two hours — 


Midt to2am 87 8amMtolOam 55 }] 410 to61 M185 


2am ,4,, 64 10 ,, ,,Noon 68/6 , 8 ,, 105 
4, 5,6, 61 Noon, 21m 9518, , 10 74 
» 98 » 52 2PM,4 , 122 °10 ,, ,, Midt 87 


The diurnal curve of ramfall 1» thus very distinctly 
marked at Batavia The mmimum 1s from 6 to 10 am 
and the maximum from 2 to 6 pP,—107 per cent falling 
during the four hours ending 10 asr, but 257 per cent 
in the four hours ending 6 P 1 

The observations wei arranged ani averaged by D1 Bergsma 
with the view of seeing how fu the phases of the moon influence 
the ramfall ‘he results for the a ht phases of the moon, 
beginning with new moon showing the mean amount of rain in 
twenty fom hours dunnys the s yintccn y ais endinz 1880, are 
these —0 243 0 236 0 193,018] 0 212 018) 0189 and 0 203, 
and daily mean 0 205 inch ‘The influence of the » oon s phases 
on the rainfall at Batavia 1s thus quite decided fiom these seventeen 
years for while the mean daily rainfali 1s 0 .05 mch it 11scs at 
full moon to 0 243 inch trom which time it gradually falls to 
0 181 inch at the thud octant, mses to 0 212 ich at the fourth 
octant, falls again to 0183 imch at the fifth octant, and fhually 
rises to the maximum at the time of new moon 

At Coumbra where the ramfall has been obserycd every two 
hours for the six \cats cn ling 1881 the means shew a minimutn 
of 3 08 inches from popes ee to2aM a maximum of 4 3 inches 
fiom 2t044M a second minimum of 3 20 inches from 10 4M 
to noon, and a second maximum from 2 to 4PM These four 
phases of the rainfall are pretty nearly accordant with the four 
phases of the barometnc pressure the maximum periods bemg 
near the times of mmimum pressure, and the mmimum periods 
near the times of maximun pressure The rainfall at Pluladelplna 
shows a deqjded maxmum at6 PM and mmnumumat3 aM At 
Vienna during the summer half of the year there are three maxima 
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maximum, which 1s nearly double of each of the other two, 
orcurring from 2to 4PM, and the chief minimum from 8 to 6 
AM At this place the number of hours of ram has been recorded, 
showing two maximum periods, the first from 2t0 8 aw and the 
second from 4 to 7 pM Since the time of maximum amount 
indicates a number of hours for the fall under the mean of the day, 
it follows that the showers from 2 to 4PM are often very heavy 
At Prague the chief maximum 1s fiom 2 to 6 Pp M and the mmymum 
fromlto64™M At Zechcn the maximum us from2to7 PM, 
with a secondary maximum from 5 to§8 AM, and the minmam 
from mdmghtto4aM At Bern the maximum fall 1s from 7 P M 
to midnight Twenty one years observations at Calcutta show 
the maximum occurrence of rainfall during the rainy season from 
Jui e to October to be from 114M to6P mM, the absolute maxmmum 
ear from 2 to3 3M and the mmmom from9PM tol AM, 
and during the hot diy season fiom March to May the maximum 1 
from 5 to9 PM, and the minimum from midnight to 9 A M 

The data already collected show the general ogcurrence 
of a diurnal maximum from about 11 am to6 PM, and 
this feature of the curve is particularly well seen in the 
rainfall of continental clutates durmg the summer half of 
the year A marked dimmution of the ramfall us very 
geneially observed from about sunset to midnight, when_ 
the diurnal amount of cloud m many climates falls to the 
minimum, and the evening maximum of atmospheric 
pressure takes place The time of the mornmg mmimum 
pressure from about 2 to 6 aM 1s, curiously, strongly 
marked in some places with an increase, while in others ¥ 
is ab strongly marked with a diminution, in the rainfall 
The ‘ Challenger” observations show that the occurrence 
of rain on the open sea 1s inversely as the temperature 
684 days’ observations giving 96 cases from 9 to 4 PM, 
and 135 from midnight to 2 4m, these beg the mmunum 
and maximum periods 

Drurnal Varration of Thunderstorms —It has just been 
remarked that a promiment feature of the diurnal rainfall 
m continental chmates during the summer months is the 
increased rainfall from about 11 am to 6 PM, and the 
Vienna observations pomt to unusually heavy falls occur- 
ring at these hours This 1s caused by the rams which 
accompany the thunderstorms of these regions The 
following table gives for the hours of the day the times of 
occurrence of thunderstorms at Ekatermburg in the Ural 
Mountains during the fourteen years ending 1872 — 
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Hence the thunderstorms at this place have a diurial 
period as strongly marked as any other meteorological 
phenomena, and in this respect Ekatermburg 1s fairly 
representative of extratropical continental climates during 
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during the six months from October to March The mean 
of the six hottest months shows the maximum to take 


’ place from 3 to 4 PM and the mmimum from 4 to5 aM, 


these bemg the times of occurrence of the two mimima of 
pressure At this season, however, the mornmg mmmum 
pressure 1s but faimtly marked in such climates as those of 
Siberia During the twelve hours from 94M to9 PM, 
when the temperature 1s above the daily mean, 717 of the 
whole number occurred, thus leaving only 139 for the 
twelve hours when the temperature is below the daily 
mean The great majority of the thunderstorms occur 
during the part of the day when the ascensional movement 
of the air from the heated ground takes place, and they 
attam the maximum when the temperature and this 
upward movement are also at the maximum Owing to 
the westerly winds from the Atlantic which prevail over 
Europe and western Siberia during summer the maximum 
rainfall of the year occurs over tis extensive region in this 
season , and the importance and significance of the inquiry 
into this element of climate lie in the fact that the greater 
portion of the summer rains 1s discharged over these regions 
by the thunderstorm The “Challenger observations on 
the open sea show the maximum occurrence of thunder 
storms to be from 10 pm to8 4M, 22 being observed 
during these ten hours and 10 durmg the other fourteen 
hours of the day,—a result which suggests that over the 
ocean terrestrial radiation 1s more powerful than solar 
radiation in causing vertical disturbances in the equilibrium 
of the atmosphere 

Atmospheric vapour and ascending currents thus play 
an important part in the history of these thundeistorms 
Where the climate is dry and rainless, like that of Jerusalem 
in summer, thunder 1s altogether unknown On the other 
hand, where during a particular season an anticyclone with 
its vast descending current in the centre remains over a 
region, as happens over the centre of the old contment 
during the winter, over that region thunder 1s equally 
unknown during that season Further, in such places as 
Lisbon and Coimbra, where the summer rainfall is small 
and its occurrence infrequent, thunderstorms become less 


* frequent, and the hours of their occurrence are later in the 


day than they are before and after the dry season 
The thunderstorms at Mauritius call for special notice There 
are two maxima 1n the diurnal curve the larger fiom noon to 4 


PM and the smaller from 3 to 6 AM which are near the times of : 
‘ example, mn the same great aerial current of the south west 


the barometric mimmma and two mimima from 9 PM tol AM 
and from 8 to 10 4M ~ these being near the times of the baton etric 
maxima But the important point as regaids the thunderstorms 
of Mauritius is that for twelve years none were recorded in June 
and July one only m August one in Seytember ani three mm 
October The annual period of the thunderstorms of this island 
extends from near the end of October to the middle of May or 
during the time of the greatest rainfall practically none occurring 
during the rest of the year But rain contimues to fall dung 
the four months of no thunder the mean monthly rainfall being 
then about 2 inches falling however in Sey tember to 1 37 
mches Dunng these four months therefore there is in the air 
the aqueous vapour and these being dry months there is the 
condition of ascending currents There appears however to 
be thon wantimg another element which seems essential to 
the electrical manzfestations of the thunderstorm viz the con 
ditions which give masses of descending cold ar along with 
“the ascending current of warm moist air Durmg the months 
Leah een an -£ 


- ane 


a 


ee oa, Sore oe eee wg ae J ay 6410 UU UGOU UG UO UVHDIUULS LLL! 
belt of calms between the two trade winds to stretch in a slantin, 
direction from Ma to Ceylon As long as this state of 
things occurs with more or less frequency the conditions of a 
descending cold current of large volume aro } rovided and thunder 
storms occur But during June July, August and September 
When atmosphere pressure 1s low m Central Asia and there 1s an 
unbroken increase of pressure from Asia southwards to Mauritius 
and while Mauritius remains in the heart of the south cast trades 
the conditions of ne cold currents of any considerable 


wlme are not present. and thunder is there unknown at that 
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Nov im situations which afford the three conditions of aqueous 
vapow, ascending currents and descending cold currents, whilst 
the diurnal and annual periods are quite ctly marked the 

henomena are more uniformly distributed through the hours of the 

y and months of the year than elsewhere Pola and Fiume at 
the head of the Admatic being shut m and encompassed by lofty 
Alps, are illustrations At Fiume the ter maximum occurs 
from 114M to4P™M and the smaller from 2to4a™m and the 
minima from 10 PM tolam and5to9aM While during the 
twelve hours the temperature 1s above the mean of the day from 
May to September the number of the thunderstorms here was 245 
for the nine years ending 1879 the number d the twelve 
hours the temperature 1s under the mean was 185 e com 
tively large number during the colder hours of the night 18 no doubt 
due to the warm moist atmosphere of this confined sea and the 
close proximity of the Alps 

There 1s still another set of conditions favouring the develop 
ment of thunderstorms 1n certain climates which the observations 
made at Stykkisholm in the north west of Iceland illustrate 
During the fourteen years ending 1879 there occurred here twenty 
three thunderstorms but there was only one im the six warm 
months fiom Apnl to September in other words the thunder 
storms of this stats are essentially winter phenomena Further, 
of the twenty three hours in which they occurred only three were 
at a time of the day when the sun was above the horizon viz, 
twice in March and oncein September 1n other words the thunder 
storms of Stykkisholm are nocturnal ;henomena _It 1s structive 
to observe that in the north and north west of Scotland thunder 
occurs most frequently during the night and in winter whereas in 
central southern and eastern districts it occurs most frequently 
during the day and in summer —the thunderstorms in the former 
case approximating in type to those of Iceland and in the latter 
to those of Ekatermburg A hittle reflexion shows that m north 
western Europe it 1s during winter and during might that warm 
moist ascending and cold descending currents are most fre 
quently brought into close proximity during the great Atlantic 
storms of the season and itis at the changes of wind humidity, 
and temperature accompanying the oan of the centres of the 
cyclones that the thunder yeals are On the other hand 
m the east and south of Scotland it 1s dunng the hot months 
of the year that these ascending columns of warm moist air and 
descending columns of cold dry air are most frequently brought 
together and there accordingly thunder with the heavy rains 
which accompany 1 18 of most frequent occurrence from 11 a M 
to5pm fom MaytoSeptember hese essentially different types 
of thunderstorms have been classed by Mohn as heat thunderstorms 
and cyclonic thunderstorms 


Given an initial difference of electric potential, 1t 18 easy 
to understand from the effects which follow the sudden 
extraordinary condensations of the aqueous vapour that 
take place how the most violent thunderstorms are pro- 
duced The difficulty 1s to account for the production of 
the iutial difference of electric potential,—how, for 


monsoon, this difference of potential 1s produced in the 
molecules of aqueous vapour at Calcutta but not in the 
aqueous vapour at Mauritius It 1s to the physicist that 
meteorologists still look for the explanation 

Dwurnal Perwod wn the Occurrence of the Wharluind, 
Waterspout, Dust Storm, and Tornado —Whirlwinds, 
waterspouts, dust storms, and tornadoes are essentially the 
same, differmg from each other only in their dimensions, 
their intensity, or the degree in which the moisture 1s con 
densed into visible vapour, while the hailstorm and the 
rainstorm are simply the manner and degree of the pre- 
cipitation accompanying them In _ several important 
respects they differ widely and radically from cyclones (see 
ATMOSPHERE, vol m p 33) The largest tornadoes are 
of so decidedly smaller dimensions when compared with 
the smallest cyclones as to admit of no shading of the one 
into the other Cyclones occur at all hours of the day 
and night, whereas whirlwinds and tornadoes show a 
diurnal period as distinctly marked as any m meteorology 
Finally, cyclones take place under conditions which involve 
unequal atmospheric pressures or densities at the same 
heights of the atmosphere, due to iequalties in the 
geographical distribution of temperatureand humidity but 
whirlwinds occur where for the time the air is unusually 
warm or moist, and where sco age temperature and 
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humidity dimmmish with height at an abnormally rapid rate 
Cyclones are thus phenomena resulting from a disturbance 
of the equilibrium of the atmosphere considered horizon 
tally, but whirlwinds and tornadoes have their origin in a 
vertical disturbance of atmospheric equilibrium 

Among the most remark»ble of the tornado ARs oe of the 
globe are ccitain portions of the United States and to the examina 
tion of these the meteorological service of the States has given 
special attention by a systematic, careful and minute observation 
of the attendant phenomena and the destructive effects The 
tornadoes of the last eighty seven yeais numbenng about six 
hundred have been classed under the different States where they 
ire reported to have occurred and fig 5 shows this relative distnbu 


DS ST Cen, 
? 


Zz 


Th 
atl 
rit 


for temperature wind velocity, and thunderstorms The atmo 
spheiic conditions which appear invariably to precede the formation 
of the tornalo are violent contrasts of temperature and humidity 
immediately to the north and south of the yath to be traveised by 
the storm It 1s highly interesting to observe fiom fig 5 that the 
region of most fieynent occurrence of tornadoes 1s the region 
where a large number of the cyclones of the United States ay pear 
to originate (and the same region Loomis has shown to be remarh 
able for violent contrasts of temperature occurring within limited 
spaces and times) and that as appears in the 1egions of the 
Alleghames they decrease in frequency with height 

Fig 6 shows the waterspout in different aspects A 
black cloud covers the sky, from which a projection 1s let 
down in the form of an inverted cone, as at A, which 
continues to increase and extend downwards The sea 
ummediately beneath 1s soon thrown into violent agitation, 
showing that the whirling movement which began in the 
clouds has extended to the sea, and 1s doubtless continuous 
throughout, though the portion of the column from A 
downwards 1s not yet made apparent by the condensation 
of its contamed vapour into cloud As the whirling move 
ment of the column becomes more intensely developed, the 
increased rapidity of the zyrations brings about increased 
rarefaction of the an within, with the mevitable result of 
increased condensation of the vapour into cloud downward 
The protrusion of the cloud and its extension downwards 
are thus not due to the descent of vapour from the clouds, 
but to the visible condensation of the vapour of the spirally 
ascending air-currents arismg from an increasing rarefac 
t.on due solely to the aceelerated rate of the gyrations, the 
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tion over the States The areas of greatest frequency are at long 
distances from each other That part of the t basin lying 
west of the Mississippi, including the States of Iowa, Missouri, 
Kansas, and Nebraska, 1s the region n which tornadoes are most 
frequent Tornadoes occur at all seasons, bemg moet frequent, 
however, from Apmil to September, and least frecuent in December 
and January 

The hour of occurrence of one hundred and sixty two of the 
tornadoes 1s given 1n the official report as follows — 


Midt to2am —~ 8axutol0am 1 4puto 6pm 52 
2AM ,, 4 10 ,, » Noon 7 © 45: 45.8 35-17 
Noon,, 2PM 18 8,, ,, ie fo 
2pm, 4, 47 #10 ,, ,, Midt 4 


Thus the diurnal period of tornadoes 13 analogous to the period 


Fie 5 —Distmbu 
tion of Tornadoes 
mn the United 
States 





condensation being analogous to that of the cloud seen in 
eahausting an air pump 

Under each of the columns of fig 6 the surface of the 
sea is seen to be more or less heaped up, as well as in 
violent agitation, showing that atmospheric pressure 
immediately under the gyrating columns 1s less than 1t 18 
all round On land, when the tornado passes directly 
over a dwelling house or other closed building, 1t often 
happens that the whole building, walls and roof, 1s thrown 
outward with great violence, the wreckage presenting the 
appearance of a sudden explosion, proving that atmospheric 
pressure outside the building was instantaneously and 
largely reduced, and the building shattered to fragments 
by the expansion of the air within It 1s in this way that 
the tornado does some of its most dreadful work 

The wind of the tornado reaches a velocity probably 
never equalled in cyclones During the Ohio tornado of 
February 4, 1842, large buildings were lifted entire from 
their foundations, carried several rods through the air, and 
then dashed to pieces, some of the fragments being carned 
distances of 7 and 8 mules, and large oaks nearly 7 feet m 
girth were snapped across hke reeds This tornado swept 
on its course at the rate of 34 miles an hour, and at one 
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place did its fearful work m the brief space of a mimute 
The tornado which passed over Mount Carmel (Illinois), 
June 4, 1877, swept off the spire, vane, and gilded ball of 
the Methodist church, and carned 1t bodily 15 mules to 
north eastward The velocity of the ascending currents 
which kept this heavy object suspended in the air for 15 
or 20 miles must have been very great 

Of the tornadoes the progressive courses of which were 
recorded, 310 advanced towards N E, 38 towards SE, 16 
towards E N E, 14 towards E,, 7 towards N N E, 5 towards 
ESE, and 3 towards SSE The course 1s thus always 
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towards some easterly direction, the great majority being 
towards the northeast The velocity of their onward 
movement varied from 12 to 60 miles an hour, the average 
being 30 miles an hour The time occupied in passing a 
particular spot vamed from 10 seconds to half an hour 
the mean time being nearly six minutes and a half The 
width of the path of destruction marked with debris and 
other relics of the violence of the tornado varied from 40 
to 10,000 feet, the average being 362 yards The direction 
of the whirling movement of the tornado was invanably from 
right to left, or the opposite of the movement of the hands 
of a watch, resembling in this respect the vorticose move 
ment of cyclones in the northern hemisphere The passage 
of the tornado cloud 1s often described as accompamied 
with remarkable noises, which observers variously charac 
terize as termble, deafening, a terrific crash, the roar of a 
thousand trains of cars, or the uproarious Jin of innumer 
able pieces of machinery 

The usual position of the gyrating columns of cloud 1s 
vertical , but occasionally a curving form or slanting 
direction 1s assumed [tis probable that to these latter 
forms many stationary or slowly moving dangerous squalls 
are to be referred, which sprmg up with unexpected 
suddenness in lakes and arms of the sea in mountamous 
regions 

The dust storm of India, Arabia, and Africa 1s a well 
marked type of the whirlwind Previous to the outbreak 
of a dust storm the air 1s unusually calm and sultry, just 
as happens in the case of the tornado The simplest form 
of the dust storm 1s that of a tall aerial column of sand 
moving onwards, and drawing into itself, as it whirls round 
in its course, dust and other hght bodies within the sweep 
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of the strong air-currents which blow along the surface of 
the ground and converge vorticosely round the base of the 
column A form commonly seen 1s shown in fig 7, which 
represents several dust columns grouped Wogether, each 
whirling independently round 1ts own axis with incurving 
air currents at the base, while the whole group of columns 
18 borne bodily forward, and presents striking aspects as 
the forms and relative positions of the columns are changed 
The importance of the observations made on dust storms 
as leading to a correct understanding of the whirlwind 
consists in this that it affords conclusive evidence that 
there 1s a strong inflow of the 
air along the surface of the 
ground all round vorticosely 
towards the base of the whirl 
wind, and that these same in 
flowing air currents afterwards 
ascend through the air alorg 
the central aus of the whnl 
wind, carrying with them the 
evidence of their ascent in the 
visible solid particles of dust, 
sand, and other hght objects 
they whirl up with them m 
their ascending course 

Owing to the extreme dryness 
, of the aircurrents mvolved in 
® the dust storm, the rarefaction 
generated by the rapidity of the 
f gyrations 18 insufficient to pro 
duce condensation of the aqueous 
vapour in the interior of the 
column Quite different, how 
ever, 18 1t with waterspouts and 
tornadoes, where, in the great 
majority of cases, the air near 
the surface before being drawn 
mto the ascending vortex 1s of 
a high temperature and near the poimt of saturation 
Krom the extreme rarefaction to which these air currents 
are subjected, owing to their sudden ascent in a rapidly 
gyrating column excessive condensation follows, with an 
aqueous precipitation at times so astonishing that it can 
only be fittingly 
described 
aerial torrent of 
solid water, or an 
aerial avalanche 
of hail and ice 

Certain tracts 
of the ocean in 
cluded within 
what may be 
called permanent 
anticyclones, or } 
where atmo 
spheric pressure 
is higher than all 
round, are char 
acterized by an 
absence or com \\ Sad 
parative absence 
of rain These 
regions are also 
remarkable for 
clear skies and 
strong sun heat Sumularly small anticyclonic areas occur 
ring between or 1n the vicinity of cyclones are charactenzed 
by dry air and clear skies, and 1¢ 1s under these conditions 
that the strongest sun heat 1s felt When, as repeatedly 
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happens in the warmer months of the year, anticyclones 
remain practically stationary for some time, the lowermost 
strata of the air become abnormally heated,—thus bringing 
about a vertical disturbance of the equilibrium of the atmo 
sphere out of which whirlwinds originate _It 1s under these 
conditions that white squalls or fair weather whirlwinds 
pecur, the originating cause of this special form being the 
great dryness of the air due to its place in the anticyclone, 
and the abnormally rapid dimmution of temperature and 
humidity with height owing to the strong insolation through 
the clear dry atmosphere The clouds accompanying the 
white squalls are at a great height, but the commotion and 
bolng of the sea under them and following them as they 
dnft onwards show that the squalls are true whirlwinds, 
the vapour column of the waterspout not being formed 
solely on account of the extreme dryness of the air which 
ascends the columns The white squall accompanies fine 
weather, and its appearance is sudden, its duration brief, 
and its destructive power at times so dreadful that 1t has 
been known to strip a ship of every sail and mast in a few 
seconds, and leave it rolling a helpless log amidst the 
tremendous sea which follows it In sailing through such 
regions a close lookout should be made, particularly when 
the weather looks singularly fine, the skies beautifully 
clear, the air calm or nearly so, and the temperature and 
moisture of the air on board the vessel noticeably high 

Diurnal Perwod of Hai —The hail here referred to 18 
round, hard, and compact, and in the form of clear or 
granular ice, the hailstones sometimes being found when 
broken across to be composed of alternate layers of these 
two states of 1ce The following figures show the number 
of times it has occurred during the different hours of the 
day at Coumbra during the last six years — 


Vadt to 24M 8amtol0am 8 4pm to6PmM 8 
24M 4,4 ,, » » Noon 20 6 » 8, 1 
Noon, 21M lo 8 , 10 0 


Qiu, 4,, 13 0, , Midt 0 


A diurnal period 1s thus well marked at Coimbra, where 
forty-eight out of the fifty nine cases have occurred from 
10am to4 Pm _ This period 1s essentially the same as 
those calculated for a large number of places in representa 
tive climates, care having been taken to limit the inquiry 
to the particular hail described above The important 
point to be noticed m the diurnal period of haul 1s that the 
time of maximum is about two hours earher than the 
maximum period of thunderstorms The maximum period 
for the thunderstorm 1s when the ascending current from 
the heated land 1s at its greatest force for the day, but 
the maximum period for hail 1s some time before the 
ascending current has fully established itself, or at that 
time of the day when the vertical disturbance of the 
atmosphere 1s greatest,—1n other words, when atmosphenc 
temperature and vapour fall with height at a much greater 
rate than the normal In the higher latitudes hail falls 
almost exclusively during the warmer months of the year 
In regions where the summer climate 1s practically raimless 
no hail falls, and where the rainfall 1s small and at distant 
intervals few cases of hail occur Thus at Coimbra, where 
httle rain falls in summer, hail was recorded as having 
fallen only once mm the six years during the four dry hot 
months from June to September 

All hail is probably connected immediately with whirl 
winds, more or less developed, and it 1s when the hail 
storm 1s one of the phenomena attendant on the tornado or 
on a great thunderstorm that it assumes its most destruc 
tive form The theory of the formation of hail has been 
stated by Ferrel xn his Meteorologucal Researches for the Use 
of the Coast Prlot, part u p 85 The vapour carned aloft 
by the gyrations of the tornado is below a certain height 
condensed into cloud and rain, but above that height into 
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snow Let the raindrops formed below be carned up into 
the snow region by the powerful ascending currents of the . 
tornado and be kept suspended there a little while, and they 
become ftozen into hail Tf now these be thrown quite 
outside the gyrations of the tornado, they fall to the earth 
as a shower of compact homogeneous hailstones of clear 
ice of ordinary size If, however, they are caught in the 
descent and carried in toward the vortex by the inflowing 
currents on all sides, they are again rapidly carried aloft 
into the freezmg region A number of such revolutions 
of ascent and descent may be made before they fall to the 
earth While gh up in the snow region, the hailstones 
receive a coating of snow , but, while traversing the region 
lower down where rai yet unfrozen 1s carried up, they 
receive a coating of sold ice Thus alternate coatings of 
snow and ice are recerved, and the number of each sort 
indicates the number of revolutions described before the 
hailstones fell to the grovfad When the nucleus is com 

posed of compact snow, as is generally the case, the 
hailstone had its origin high up in the snow region as a 
small ball of snow, or soft hail (Graupel n German and 
gresvl mm French), but when it 1s composed of clear ice 
throughout 1t was formed im the rain region, carned up 
into the snow region and there frozen, and immediately 
afterwards fell to the ground 


MontTHLy, ANNUAL, AND IRREGULARLY RECURRING 
PHENOMENA 


The Temperature of the Sea —Figs 8 and 9, represent 
ing the distribution of the temperature of the surface 
water of the ocean for the two extreme months February 
and August, are reproduced chiefly from The Wind and 
Current Charts for Pacific, Atlantu, and Indian Oceans, 
published by the British Admuralty in 1872 


In February (fig 8) the temperature of the surface of the sea falls 
to the annual minimum over the northern hemisphere, and mses 
to the maximum 1n the southern hemisphere The coure of the 
isothermals more closely follows the latitudes in the Pacific, Indian, 
and South Atlantic Oceans, but the divergence from the latitudes 
1s great and stuiking over the North Atlantic The wider and more 
open the ocean the more does the distribution of the temperature 
approach the normal, and the more confined the ocean the greater 
is the divergence fiom the normal ‘The key to the anomalous 
distribution of the temperature of the ocean 1s furmshed by the 
charts of the distiibution of atmospheric pressure and the prevailing 
winds of the globe So far as observation has gone 1t would appear 
that the surface currents are practically altogether caused by the 
prevailing winds over the respective oceans subject to such deflexions 
in their courses as are occasioned by the land 

In the southern hemisphere the currents on the west side of the 
Indian Ocean flow southwards along the east coast of Africa and, 
since the currents here piss from lower to higher latitudes, the 
temperature along the whole extent of this coast 1s raised consider 
ably above the vormal On the other hand, since the currents on 
the west coast of Afnca flow from south to north—in other words, 
from higher to lower latitudes—the ocean currents which 1mpin 
on this coast have a temperature much under the normal The 
winds and currents on the coasts of South America are precisely 
analogous to those of Africa, and the distribution of the temperature 
of the sea 1s also similar The temperature of the ocean on the east 
coast of that continent 1s for the same latitudes everywhere higher 
than on the west coast _ Even in the smaller continent of Australia 
the same Jaw holds good 

In the northern hemisphere a different distnbution of the tem 
perature of the sea 1s seen at this season In the Atlantic the tem 
perature 1s very much higher on the west of pte than on the 
east of America On the east of America from Wilmington to 
Boston occur the most rapid transitions in the mean temperature of 
the ocean anywhere on the globe the temperature falling in that 
short distance fiom 70° to 30°, whereas on the eastern side of the 
Atlantic these isothermals pass Cape Verd Islands and Spitzbergen 
respectively In the winter months the prevailing winds of the 
east side of North America ate north westerly, whilst in the central 
and eastern portion of the Atlantic they are south westerly, thus 
pouring along the east coast of America the icy c srrents of the 
Arctic regions, but over the central Atlantic and along the western 
shores of Europe the warm waters of southern climates The 
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easterly and south easterly winds of Scandinavia in winter lower 
the wsothermals along these coasts A striking feature of the winter 
wothermals of the Atlantic 1s the singularly yhigh temperature alon 
the centre epee! from Spitzbergen to the south west an 
extending ins modified degree as far south as the West Indies In 
the P ais feature of the mid ocean temperature 1s much less 


en | SA : amd aa MES 
ct Sacre ER ace 
: CCRC 


-}| 


Za a oe 


= Ag L 
PSs tek 


METEOROLOGY 


ease i271 

TO eRe ee 
cn nei e ee a 
PERE SS re ET 


133 


pronounced, and the excess of temperature on the west of America 
over what occurs 1n the same latitudes of easteru Asis 1s not so 
great as the difference observable between the two sides of the 
Atlantic 

The highest mean temperature 1n February (85°) occurs in the 
Indian Ocean to the south west of Sumatra, and there 1s 8 patch the 
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Fic 8 —Isothermals of the Surface of the Sea for February 


temperature of vhich 1s 84° to the north of Madagascar The 
highest means in the Atlantic are 82° in the north east angle of the 
Gulf of Guinea and 81° off the north east coast of Brazil In the 
Pacific the highest are 88° to the north of the Fy Islands and 81° 
near the Marshall Islands 
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In August (fig 9) the southern half of the Red Sea shows a mean 
temperature of 90° being the highest mean recorded for the ocean 
anywhere at any season Patches showin : summer mean of 85° 
occur in the Chinese Sea to the east of in im the Bay of 

Bengal to the east of southern India, about it Hosta and to the 
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Fia 9 Ree of the Surface of the Sea for a 


West of Central Ameiica But the most extensive regions of high 
temperature are in the west of the Pacific between long 165° 
E and the Phihppmes northward nearly to Japan and south 
ward to New Guineas, and the Gulf of Mexico and the adjoin 
part of the Atlantic as far east as long 57° W tch o 

remarkably low imperature ocenrs mm the Pacific a inthe to the 


west of Galapagos where the mean 18 only 70° bemg 10° lower than 
what occurs any where else near the equator at this season 

The influence of currents 13 strongly expressed 1n the temperature 
of all the oceans Inthe south of Ava the monsoons are § W, 
S and SE Under the impulse of these monsoonal an r’ 
extensive surface drift of the waters of the equatonal regions 
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carried northwards towards southern Asta, and ponseguenty very 
high temperatures characterize these seas in summer It 13 instruc 
tive to note the effect on the temperature of the sea resulting from 
the region of high atmospheric pressure in the North Atlantic at 
this season Out of this anticyclonic region the win Is blow in all 
directions, giving rise to surface currents flowing in the same direc 
tions Thus to the west of Afmea the winds and currents are from 
vorth to south and hence the temper tture of this part of the ocean 
1s abnormally 1educed On the other hand, on the west side of this 
high pressure area the prevailing winds and curients are from south 
to north and it will be secn that the temperature of the whole of 
the region swept by the southerly winds 15 abnoimally 1awed On 
the north side of the area the winds and cunents aie westerly as 
far as about long 35° W, and ovcr that 5) ace the isothermals 
follow the parallels of latitude Tarther to castwaid and noithward 
the prevailing winds become south westuly thus propelling noth 
wards along the western shores of Europe by oceanic surface diifts, 
the warmer waters of southern latitudes Meanwlule the cunents of 
cold water and 1ce drifts from the Arctic 1e,1ons hecp the tempera 
ture off America to the noith of Newfnudland at a figure con 
siderably lowir thai 1s observed in any othc: region in the same 
latitudes In August similar 1elations exist as in Januaiy between 
the east and wist coasts respectively cf South Afmca Sonth 
America and Austiaha all of which are 1¢a lily fame by the 
charts of mean atmos; hime pressure and the resulting yevalent 
winds 

One of the most striking facts of orean temperature 1s that the 
temperature of the Southern Ocein from about 50° to 60° S lat 
1s practically the same in Jinuary and August a cucumstance due 
chiefly to the magnificent icebergs of that occan 


The Temperature of the Land—In regions where the 
rainfall is distributed through all the months of the year, 
and where snow covers the ground for only a small part 
of the year, the mean temperature of the soil nearly equals 
that of the arr But when the year 1s divided into wet 
and dry seasons, and when snow hes during a considerable 
portion of the year, the mean annual temperature of the 
soul may be ebove or below that of the air The greatest 
difference between the temperature of the soil and that of 
the air occurs where the surface of the ground 1s covered 
during several months with snow Snow 1s a bad con 
ductor of heat, and thus obstructs the free propagation of 
the cold produced by radiation downwards into the soul, 
and the escape of heat from the soil into the ar In this 
way, over a considerable portion of the Russian empire, 
the temperature of the soil is considerably in excess of that 
of the ar Thus at a place 120 miles south of Archangel 
the temperature of the soil 1s 10° higher than that of the 
air, and at Semipalatinsk it 1» 9° higher 

The daily changes of temperature only affect the soil to 
depths of about 4 feet The precise depth varies with 
the degree of the sun heat and with the nature of the soil 
Similarly the heat of summer and the cold of winter give 
rise toa larger annual wave of heat propagated downwards, 
the amphtude of which diminishes with the depth till at 
ceases to be perceptible Principal Forbes showed from 
observations on the Calton Hill, Edmburgh, that the annual 
variation 1s not appreciable lower than 40 feet below the 
surface, and that under 25 feet the change of temperature 
through the year 1s small The depth at which the annual 
variation ceases, or where the temperature remains constant, 
is a variable depending on the conductivity and specific 
heat of the soil or rock, but particularly on the difference 
between the summer and winter temperatures ‘Lhe rate 
at which the annual wave of temperature is propagated 
downwards 15 so slow that at Edinburgh, at a depth of 24 
feet, the highest annual temperature does not occur till 
January 4, and the lowest till about July 13, thus revcrs 
ing the seasons at this depth At Greenwich, at a depth 
of 254 feet, these phases of the annual tempcraturc occur 
on November 30 and June 1 

Professor Everett in the Report of the British Association for 1879 
has summarized the results of the observati ns of undergionnd tem 
perature The temperature of th« surface of the ground 1s not 


sensibly influenced by the flow of heat from below upwaids but 1s 
determined by atmospheric and astronomical conditions The tem 
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ent 1s defined as the rate of increase of the temperature 
ownwards, and 1t may be taken as averaging one degree Fahrenheit 

for every 50 01 60 feet, the exact rate mn particular cases beng very 
variable Thus the temperature gradient of the soil 1s about five 
times steeper than the temperature gradient of the air The 
temperature gradient 1s steepest beneath gorges and least steep 
beneath mdges , and hence the underground annual isothermals are 
flatter than the uneven surfaces above them This 18 the case even 
with the uppermost isothermal of the sol, and the flattening 
Increases as we pass downwarda until at a considerable depth they 
become honzontal Where thc surface of the ground and the 1s0- 
thermal surfaces beneath 1t are honzontal, the flow of heat 1s verti 
cal, and the same quantity of heat flows across all sections which 
he in the same vertical In this case the flow across a honzontal 
area of unit size 1s equal to the product of the tempeiature gradient 
by the conductivity, if the latter term be uscd in an extended sense, 
so that 1t includes convcetion by the percolation of water, as well 
a3 conduction pioper, and heme, in comparing different stiata in 
the same vertical, the gradient varies in the inveise 1at10 @f the 
conductiy ity 

Since the effects of the sale generated by nocturnal radiation 
mostly accumulate on the surMce of the earth, but the effects of 
solar 1adiation are spread to some height by ascending currents from 
the heated ground 1t might be expected that the annual tem eza 
ture of the surface layer of the soil would be lower than that of the 
an resting over them Observations prove thit such is the case 
otEne which have their sources 1t greater depths than that to 
Wiuich the annual vazition ] enctiates have a constant temperature 
throughout thc year, and if they do con e from a depth considerably 
gieatul than this thcy may be regaided as giving a very close 
apploximation to the mein annual temperature of the place The 
temperature of cellars 1s also very near the mean annual temperature 
of the locality, at any rate this temperature may be secured for 
cellars anywhere 

Distribution of Temperature wn the Atmosphere —Of the 
larger problems of meteorology, the distribution of tempera 
ture in the atmosphere over the land surfaces of the globe 
was the first that received an approximate solution (by 
Humboldt) But as regards the ocean, which comprises 
three fourths of the earth’s surface, the question of the 
monthly and annual distribution of temperature im the 
atmosphere over 1t can scarcely yet be said to have been 
seriously looked at The isothermals of the temperature 
of the atmosphere which cross the oceans continue still to 
be drawn essentially from observations made on the islands 
and along the coasts of these oceans The first step 
towards the solution of this vital problem in climatology 
and other branches of meteorology 1s the construction of 
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_ charts of mean monthly temperature of the surface water 


of the sea over all parts of the ocean from which observa- 
tions for the purpose are available In prosecuting this 
line of inquiry, excellent work has been done by the 
Meteorological Office as regards parts of the Atlantic 
between the tropics and the ocean to the south of Africa, 
and also by the Dutch, French, and German meteorologists 
With such charts 1t would not be difficult, by a careful 
comparison durmg the same intervals of time between the 
temperature of the surface of the sea and that of the air 
resting over it, to construct monthly charts of the tempera 
ture of the atmosphere over the oceans of the globe 

In this connexion the whole of the observations of the tempera 
tures of the air and sea made on board the ‘‘ Challenger’ have been 
examined, and soited into one hundred and seventy four groups 
according to geographical position, and the differences entered on a 
chart of the route of the expedition In the Southern Ocean between 
latitudes 45° and 60° the temperature of the sea ws lower than 
that of the air, the mean difference beg 1° 4 The temperature 
of the air 1s here peer owing to the jrevaihng WN W winds, 
and that of the sca lower owing to the numcrous icebergs To 
south of lat 60° S the sea was ncarly 2°0 waimer than the arr, 
the result 1m this case being due to the open sca, which keeps up a 
higher surface temperatuie and to an increased prevalence in these 
higher latitudes of southerly winds, thus lowering the temperature 
of the air ‘ 

‘The period during which the temperature of the sea exceeded 
that of the air was from June 1874 to March 1875, or during that 
a of the cruise from Sydney to New Zealand, and through the 

st India Islands to Hong Kong and thence to the Admiralty 
Islands ota ae whole of this time, except when passing the 
north of Australia, the sea was much warmerethan the aur, the 
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general excess being from 2° to 3°, msing even near Tongatabu to 
upwards of 4° The climate of the southern part of this extensive 
region at the seasons visited has a large rainfall, much cloud, and 
co sequently a comparatively small evaporation and sunshine In 
June, when the “Challenger homed the north of Austraha, the 
chinate was very dry, the sunshine strong, and the evaporation 
large, and there the sea was slightly colder than the air Jn the 
Atlantic between lat 20° N and 20°S the sea was everywhere 
warmer, the mean excess being about a degree, and 1n the Pacific 
between lat 80° N and 80°S the sea was also warmer, the mean 
excess being a degiee and a half 

On the other hand, in the Atlantic from lat 40° to 20° N the 
sea was, on the mean, half a degree colder than the air This region 
1s remarkable for the high pressure which overspreads 1t for the 
winds and currents which flow out im all directions for its clear 
skies, strong sunshine, and consequently large evaporation, by which 
the temperature of the surface of the sea 1s lowered and that of 
the air resting on 1t, being open to the heating influence of the sun, 
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The distribution of temperature over the surface of the 
globe 1s shown by figs 10 and 11, which represent the 
temperature of the two extreme months January and July 
for the eleven years 1870 to 1880 The region of highest 
temperature, which may be regarded as comprised between 
the north and south isothermals of 80°, forms an irregularly 
shaped zone, lying in tropical and partly im subtropical 
countries On each side of this warm zone the tempera 
ture diminishes towards the poles, and the lines showing 
successively the gradual lowering of the temperature are, 
roughly speaking, arranged parallel to the equator, thus 
showing in an unmistakable manner the predominating 
influence of the sun as the source of terrestrial heat While 
this decrease of temperature corresponds in a general way 
to what may be called the solar climate, there are great 
deviations brought about by disturbing causes 

Among these disturbing causes the unequal distribution 
of land and water holds a promment place In January 
the earth presents to the perpendicular rays of the sun the 
most uniform surface, or the largest water surface, and 
m July the most diversified surface, or the greatest extent 
of land Hence the zone of the earth’s surface comprised 
between the 1sothermals of 80° is less irregular, and also 
as over an area more restricted, in January than in 

uly In July the areas enolosed by tho isothermals of 
G0" and 90° are much larger in the Old World than 
in the New, 1t bemg the former which presents the larger 
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18 raised Similarly in the North Pacific from lat 40° to 80° the 
temperature of the surface of the sea was half a degree lower than 
that of the air 

‘These remarks apyl} only to the observations made strictly on 
the open sea Near land very great differences were observed 
which varied with season Thus at Hong Kong during the latter 
half of November 1874 the sea was 3°7 warmer than the air the 
low temperature of the air at this season being caused by the lower 
temperature of the lan i and the northerly winds which then prevail, 
on the other hand, at Valparaiso in November and December of the 
following year the sea was 6° 8 colder than the air during the three 
weeks the “‘Challenger was there, the difference being due to the 
cold occamic current which sweeps northwards past that coast, and 
the rapid increase m the temperature of the air at that time of the 
year These results will zie ug in gaining some knowledge of the 
temperature of the air ovcr the oceans of the globe in February and 


August, taken 1n connexion with a careful exammation of the sea 
temperature of these months represented in figs 8 and 9 
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land surface to the perpendicular rays of the sun, and in 
January, the summer of the southern hemisphere, the most 
extensive area of high temperature occurs in Africa and 
the least in Australia, the high temperature area of South 
America being intermediate in contrast to this the belt 
of temperature exceeding 80° 13 of least breadth where 1t 
crosses the Pacific and Atlantic Oceans, the absolute 
minimum breadth bemg in July in the Pacific, the largest 
ocean, where the disturbing influence of the land 1s least 
Durmg the cold months of the year, when the suns heat 
18 least and the effects of terrestrial radiation attain the 
maximum, the greatest cold 1s over the largest land 
surfaces which slant mo, to the sun Thus the lowest 
mean temperature that occurs anywhere or at any Season 
on the globe 1s —55°8 at Werchoyansh (lat 67° 34 N, 
long 133° 51’ E) in northeastern Sibena In Arctic 
America the lowest isothermal 1s -40°0 Durmg the 
winter the ocean everywhere maintams a ngher tem 
perature in all regions open to its fluence, as is seen, not 
only mm the hngher latitudes to which the 1sothermals push 
their way as they cross the Atlantic and Pacitn, but also 
im their regular courses over and new the Mediterranean, 
Black, Caspian, and Baltic Seas, Hudsons Biv the mouth 
of the St Lawrence, the American lakes, and all other large 
sheets of salt and fiesh water The disturbing influence 
of sheets of water on the temperature in all seasons 1s very 
strikingly shown when the isothermals are drawn for every 
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degree, these marking out the prominent features of local 12 and 13 represent charts of temperature of this descrip 
climates, a knowledge of which 1s of so great importance to tion for the Bnitish Islands for 1870-1880 from the 
the agricultunst, the horticulturist, and the invalid Figs Jour of Scot Meteor. Soc, vol, vi In the winter of the 
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Fie 11 —July Isothermals of the Surface of the Globe 
southern hemisphere the depressing influence of the land east of Australia and in the basin of the La Plata, a lower 


on the temperature 1s but slightly felt, owing to the small temperature prevails in the interior 
Another prominent disturbing cause operating on the 
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Fic 13 —Mean Temperature of the British Islands in July « 





mean temperature 1s to be found in the seasonal areas of 
extent of the land surfaces and the comparatively low lowand high mean pressure in their connexion with the pre- 
* latitudes to which they extend southwards In the south vailing winds Of these the most markgd 1 the system of 
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low pressure « bot Ic-1and during the winter months (see 
ug 14) Sunce this region ot low pressure gives to western 
Europe its prevailing south west and south winds, and to 
North America its noith west winds in winter, 1t 19 plain 
that the tempuature of westuin Turope 1s therely 
abnormally raised by the simple fit of its prevailing 
winds coming from the ocean and from lower I-titudes, 
and that the temperate of North Americ 1s abnormally 
lowered by tt» prevailing winds coming from the Arctic 
r zions and from land The opposite wtion of these two 
winds, which are part and parcel of the sime atmospheric 
dsturbance about Ieclind, 1s shown from the fact that 
whilc the man temperature or the south cor t of Hud ons 
Bay m January 1s —20, in the same latitude m the 
Atluntic to the west of Scotlird itis a high a £4 on 
64 highs: <A similar thougl loss striking result accom 
pames thc low pressure area in the noth ct the b wife in 
Winter ‘ 

(nother a2 a of low mci yressme which yewutully 
affucts the tempuatue is the low Luomcetar which ova 

*sprcads the intuso of Avia dumig the sum m uths 
t (sce fiz 17) Since from this dispositicn of theyre ore Te 

prove ling vainds of Tim pe and we tan (sia ued 1th 
we t and west and ova cistern Lia south cast nd cit 
It tullows that the tunpcratwe 1s abnormally 1u cd cn the 
carstern Siac tnd depresscd on the western side cf the cn 
tin nt by the direction from which they ova tly re cive 
then yicvaling winds [his s well hewn by the c uc 
of the summer isothaumals cf 80, 70, 60, ml 00 wos 
the Old Continent 

Since the stionzest msolition occtus where the mis 
dist the hottest summa climites ue met with im the « 
tropic and subtropical regions vheren run fils Lue 
mcst extensive of the ramless rcgicns dwn, the srammu 
months 15 perhaps that which extuads fiam the Pung ib 
westwirds through Pasa, Ariba, anl North Afticy to 
Spun ‘This is the region where the hotte t climitcs of 
the globe ac to be encountercd = Similarly no1ain fills at 
this time of thu yeu m lower Crliforniy and the Stites 
adjoining, and this feature of the climitc, tikcn in con 
nexlon with the relatively low temperrtt re of the cc ast due 
to the winds and occan currents from the north which 
sweep pst it, results im sharp contrast: of temperature 
within short distances such as have no parallel in any other 
climate 

Of the areas of scasoual high mean pressure, the high 
barometer of Central Asia in wintcr stands out in character 
istic prommence (see fiz 14) Now, since the prevuling 
winds which necessuily form a pait of this feature are sot th 
and south west over Russia and western Siberia, the temper i 
ture of these inland icvgions 1s coniderably higher thin 
would otherwise bethe case On the other hand, since the 
prevailing winds are north west im eastern Asia, the tempera 
ture of these regions 15 thereby abnormally deprussed — It 
15 this consideration chiefly which explains how 1t 1s that, 
while the mean January temperature in latitude 60° and 
longitude 120° E is —30°, m the same latitude but in 
longitude 43° E the mean temperatuic is 10°, or 40° 
higher, even though both regions are equally continental in 
their character 

The Ingh mean pressure in the summer in the Atlantic 
between Afmca and the Umted States has with its system 
of winds the most decided influence in brmging about the 
abnormal distribution of the temperature of that and 
adjoining regions Since on its west side the prevailing 
Winds are necessanly southerly, the temperature of that 
region 18 abnormally raised, and, on the othe: hand, since 
on its east side the winds are northerly, the temperature 
of the region 1s abnormally depressed The result of these 
two opposite winds 1s seen in the slanting direction of the 
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isothermal of 80° across the Atlantic, which slanting 
direction 1s continued far into the interior of North America 
for the reasons already stated 

These rmportant beinngs of cyclonic and anticyclonic 
areas on tompcratuie and climate may be thus summarized 
Ihe temperature 15 abnormally raised on the east sides of 
cyclonic areas, and abnormally d pressed on the west sidcs, 
Lut, on the other hand, temy ciature 1s abnormally rained 
on the west sides of anticyclome areas and depressed on 
then cast sides In the southern hemisphere chese direc 
tics are reversed 

\nvther vet of influences, }owerfull) .tictig the tem 
perat ue come into plry where the surface of the land 


‘11.5 ibove the sei into elevited | lateaus, lofty peaks, or 


mountun 1injcs ‘Lhus it has been obscrved on Ben 
Nevis ind thc: mountains that the wind dnr n, the day 
in summer crxhilits an asccnsonil tendency due to the 
circumstance that the tcmycrature of the surfice ct the 
mountan is hotel m vmuch -rcater degree than the an 
strity vt the same levels all uound it An ascensional 
cu nt ¢ ns quently aises fiom the mountun, which 1s 
wamtuncd vt sterlly strencr rite than at lower levels, 
Jucate the diun from the wp diinght i ewily supr hed 
liom the fice sunroundins atme phere It is the streng 
12 Jition it hich clevitions m the summer mcnths which 
exypluns th exce ely hich dyy temperatures encountered 
inthe £ Ly Mcutim and trom the sam conditions, 
vié ther uty rl yuity ct the atmesphere by which 
ture t abiid vi nit Tut littl checked, come the low 
tem aittucs cf th on Shits ct the ¢ climates mm the same 
ser ou Liom this cause it f Uews that the elev ited lands 
m the interior cf continents tend to reduce nein atmo 
s} here pres ure In summer ty 4 greater extent than woul l 
othawie L the co & Inwonta on the otha hand the 
tum 1iture cf elevated icy ons in the inten ct continents 
Isvery much colder than that of the s uroundine atnicy} here 
at the same hu ht Lecause im such ieyicns the air ls 
exceedingly diy and rare, and consequently ridiation to 
the cold regions of sy ace but littl checked Hence down 
the slopes of these Ingh lands there ae youred m all 
directions descending cuuents of very cold an, which 
intensify the msours of the winters ex ericnced on the low 
lands round then bise, where accordmyly the lowest mean 
winter temperatuics occu These elevated lands thus 


‘materially add to the nh atmospheric pressure of the 


interior of continents dum. the cold months of the year 
But it 1» ocean streams and occan currents which produce 
the ,reatest abnormalitics in the distri] uticn of the tempera 
ture of the air, anda Jlance at fz 10 and 11 will show 
that 1t » in the North \tlintic where this cause Is most 
strihinsly seen = The increase thus acciumg to the winter 
temperature Is greatest vbeut the ncrth of Norway = It ws 
also very great m the British ind. thus, if no more 
heat were received thin 1 duc to thei ; ouition on the globe 
mn respect of latitude, the mcan winter temperature ol 
Shetland would be 3 and thit of London 17° But 
mainly owing to the heat sven out by the Gulf Stream 
and other warm curicnts ot the Atlantic their mean winter 
temperatures are respectively about 39° 5 and 39°, Shetland 
being thus benefited 36 » and London 22° The chart of 
the winter temperature of the British Islands well lust: ites 
the influence of the smrounding ocean m mamtaimmy a 
higher temperature It will be seen that the south west 
of Ireland 1s 7° warmer than the east coast ot Enzland in 
the same latitudes The strong drift current fiom near 
Behring s Strait southward along the coast of \metica has 
a powerful influence, particularly m lowering the summer 
temperature of that coast,—thus bringinz about, in con 
Junction with the dry raimless climate of the terior, what 
are perhaps the most violently contrasted climates, within + 
AVI — 


138 


narrow limits, as regards their temperature 
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The deflexions | sphere, are much needed 1m the further development of this 


[AQUEOUS VAPOUR 


of the 1sothermals near the Balti, Mediterranean, Black, | branch of meteorology In carrying out the imquiry, 


and Caspian Seas and the freshwater lakes of America 
all pomt to the disturbmyg influence of these sheets of 
watcr on the temperature 

The huyht and direction of mountam ranges 1s an 
unportant clement m determining chmate If the ranges 
are perpendicula: to the prevailing winds and of a con 
sidcrable height, they dram the winds of much of their 
moisturc, thus causmg to places to lLeward colder winters 
and hotter summers, by pattially removing their protecting 
screen of vapour, and cxposing thim more completely 
to solar and terrestrial radiation Of this Norway and 
Sweden and the British Islands form ecient illustrations 
It 1 this that makes the most mnjortant distinctions 
among climates in regions near cach otha, 1s respects both 
animal and vegetable hfe With icsud to the decrease of 
temper iture with heisht, very much jet remains to be done 
before an approximation to the law of decrease can be 
stated During the five months observations were made 
on Ben Nevis in the summer of 1551 the difference 
between the mcan temperature at sea lcvel adjoiming and 
t the top of the Ben, 4406 feet above the sea, was 15° 7, 
which shows a mean decrease of 1° Fahr for escry 280 
feet of elevation The actual differences from dij to day 
valed from 1 + to 23°2 As Bun Nevis forms a peak, 
and is in the very middle of the strong winds from the 
Atlantic it 19 highly probable that this rate of decrease 1s 
a Close approumation to the tiue decrease of the tempera 
ture of the air duumg the summcr months in that part of 
the British Islands When observations are made on 
elevated platcaus of some extent, the rate of decrease 
deduced fiom the observations will be les» than the true 
rate mm the free atmosphere in summer and greater in 
winter T’he rate 1s thus a variable quantity, varying with 
latitude, situation, dampncss or dryness of the arr, calm o1 
windy weather, and particularly with the scason of the 
Year 
decrease sencrally assumed 

Am unt of A yueous Vapour —It 1 scarcely possible to 
oveltstinate the importince of a hnowledge of the hori 
zontil and vertical distiibution in the atmosphere of its 
aqucous vapour, for it ma} be truly said that 1t forms one 


of the prime factors m all the larger problems of atmo | 


spneric physics =A first rough approximation to the geo 
graphical dostirbution of the vapour of the atmosphere was 
published by Mohn in 1575 m his Grund uge der Metcoro 
Ligee, p d4, in which vapour j rcssure curves are drawn ful 
the globe for Januaay and July These leave much still 
to be done, not only in a further discussion of observations 
already made, but also in improvement of the mcuthods of 
observation and in the tables for ther reduction The 
chief point of mterest in Muhns vapour curvy then 
striking resemblance tu the isothcrmals or the samc months, 
and they also suggest that this linc of inquiry 1s yet des 
tined to make large contributions to our knowledge of the 


unceasing changes which occur in the pressure temperature, | 


cloud, rain, and movements of the atmosphere 
Still Iess 19 known of the vertical distribution of aqueous 


Onc degree Fahrenheit for evcry 300 i the rate of | 


invaluable assistance will be obtained trom observations of 
the diurnal range of the barometer and from well devined 
methods of observing the effects of solar radiation at the 
earth s surface 

Amount of Cloud —In Scotland, which hes completely 
within the region swept by the south westerly winds from 
the Atlantic, and presents a well defined mountain range 
lymg across the track of these winds, the clouds have a 
distinct annual period In the west, at places quite open 
to these westeily bieezes, the amounts of cloud m spring, 
summer, autumn, and winter are respectively 67, 69, 71, 
and 74, and the annual mean 70! In the east, m such 
districts as East and Mid Lothian, which have extensive 
ranges of hills between them and the Atlantic, the propor 
tions are 59, 63, 62, and 60, and the annual mean 61 
‘Lhus about a tenth more df the sky 1s covered with cloud 
at the western as compared with the eastein situations, and 
the distribution of cloud differs materially in western and 
eastern climates In the west winter 1s the cloudiest* 
season, but in the east 1t 1s summer, and these are respec 
tively the months when most ram falls m the several 
chmates Everywhere spring 1s the scason when the shy 
is clearest In England, owimg to the protection afforded 
by Ircland and Wales to the west and the comparative 
absence of 1anzes of hills, the amount of cloud 1s less than 
m Scotland, and 1t is more equally distributed ove: the 
country The mmimum amount occurs m spring, and the 
maiimum in winter and autumn 

Some of the best illustrations of the seasonal vanation im the 
distuibution of cloud ate afforded by the Old Continent These 
vailations atc the simple onsesucnce of the syst ms of wind 
causcd by the Ingh winter and low summer pressurcs of that contr 
nent In eastern Siberia the prevailing winds mm winter are NW 
0: contimental and in summer SF on oceimte and accordingly 
at Ayan Nertchinsh and Bligoweshtchensk the mcan amounts 
of cloud in these two sea ons alc 18 wd 44 =n the other hand 
mi wester.. Siberia and eastern Lumope the prevailing winds m 
winti ae SW on fiom lowcr to Ingher latitudes and in 
summer N Wor fiom highei to lowe: latitudes Kazan may be 
taken 1 fanly icpresenting this catensive region an] there the 
amounts of cloud for the four seasons biginning with winter 
ail 71 48 44 and 62 As the NW_ wands of summer 2180 over 
the Lral mountains in then course condensation of the aqucous 
vq onl 1s ncreascd and hence over this region the cloud in winter 
and summer 1s nearly the same thi mean amounts at Bogosloveh 
lkat mnbuig and Zlatoust bein 1espe tively 68 and 52 At Tifhs 
aud hutais situited on the gh ground which lcs between th 
Blach Sca and the south of the Caspian Sea the means for winte 
and summei ar 53 and 55 On the castcrn coast of the Black Sea 
the westerly winds of summer aie accompanied with the aunuil 
maxunum cloud, the wintcr and summer amounts at Redut hale 
bung 59 and 63 In Central Sibena to which the S W winds of 
winter do not cxtcnd, and to the north of lititude 55°, the amount 
of cloud 1s much diminished aud the clouduicss of summit ts nearly 
the same as that of winter 

In India 1 all regions which le open to the sume: monsvun 
the miuntmum amount of cloul occurs dung the winter und 
the maximum in summe1,—the nixan amounts being 19 and 74 
at Calcutta, 16 and 86 at Bombay, 48 and 71 at Colombo and 
25 and 90 at Rangoon At Tiincomalec on the east coast of 
Ceylon, and thus sel aa to the 1aims of the N} monsoon 
of winter, and largely piotecte1 from the rains of the & W 


| monsoon of summc nf amounts of cloul in these seasons are 52 


and 59 At Dirpling (6912 fert) and Chakrata (7022 feet high) 


vapour It decreases like temperature, with the height,  bothon the Himalayas, whitha the swnnx1 monsoon penetrates, 


only about a tenth of what 1s at the carths surface the rate 
of decrease with heizht proceeds at a greatly more rapid rate 
than 1s consistent with the supposition that 1t forms an 
independent vapour atmosphere c istins under its own 
pressure The establishment of an imcreased number of 
hign level stations, and u more systematic inquiry than has 
yeu veen attempted into the upper currents of the atmo 
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cloud in wintcr 18 everywhere greatcr than in summer Thus the 
amounts arc 24 and 18 at Mooltan, 38 and 25 at Peshawai, 27 and 
19 at Jacobabad, and at Quetta im Baluchistan 5500 fect high, 42 
and 14 Sinmular relations as to cloud obtaim in Australia and the 
other continents where high pressures rule in the interior during 


1 Tn this section the amount of cloud 1s stated in percentages of ta. 
sky covered with cloud 


a 
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the cold mont} s aid low ;1essurcs luring the warm months of the 
year The maximum cloud occurs with winds from the sea and 
winds advanung into the cold r regions of gher latitudes and 
the minimuin with winds which have traversed an extensive track of 
land and winds advancing into the wain ci regions of lower lita 
tudes As the subject however 18 essentially one with rainfall it 
1s not necessary to prosecute it furthe: 

The other atmospheric movements on which the amount 
of cloud depends are the ascending and desccnding cunents 
of the atmosphere,—the ascending currents with clouded 
skies occurring 1n the belt of calms and over cyclonic areas 
and regions, and the descending currents with compara 
tively clear skies over anticyclonic re,ions The re,jon 
of maximum vapour and densest cloud screen on the globe 
1s the equatorial belt of calms between the trades, which 
has an annual movement northward and southward with 
the sun as already explained To ascensionil movements 
1s to be ascribed part of the clegidiness of the southern and 
eastern sidcs of the winter cyclonic regions of the North 
Atlantic and North Pacific, and of the cyclonic re,1ons of 
ow summer jressure in the mteror of Asi and other 
continents On the other hand the comparatively small 


logical mqury At the time of the first } ublcation of 
isobaric maps of the globe in 1568, 16 was impossible to 
do more than present the subject in its broad geneial 
features, owimg to the scantiness and quality of the 
materials then exsting But since then meteorological 
stations have been largely multiphed im all yarts of the 
civilized world, and the general adoption of the issue of 
storm warnings has necessitated the use of more accurate 
barometers and uniform methods of observing Since 
there 1s thus now the means of a more exact representation 
of this tundamental ditum of meteorology, we have 
prepared a new set of isobaric maps, showimg the dutribu 
tion of the earths atmosphere and the yicvailng winds 
for January (fig 14), July (fig 17) and the yew They 
have been constructed from mean values calculated for the 
same eleven years (1870 $0 inclusive) as the 1»othermal 
maps figs 10 to 13, pressure of 30 0 inches and upwards 
bemg represented by solid lines, and of 299 inches and 
under by dotted lines, while the arrows show the duections 
of the prevailing winds at the localities dicated by the 
Tespuctlve arrow points 
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ainount of cloud in the anticyclonic regions of the Atlantic 
and Pacific Oceans, and in the high pressure regions of the 
interior of Asi1 and other continents during the cold months 
of the year, 1» due to the vast down currents which occupy 
the centres of the anticvclones, and which become 
relatively drier as they descend owing to the mereasing 
pressure to which the air 15 sul jected 

Distributeon of Atmos; her Pressure —The importance 
of a knowledge of the distribution of atmospheric pres 
sure, or of the mass of the atmosphere, over the globe 
in its varying amounts from month to month 1s self 
evident Observations teach us that winds are simply 
the movements of the atmosphere that set in from where 
there 1s a surplus towards where there 1s a deficiency of 
air, and observations also teach that isobaric maps (ve, 
14,98 showing the relative distribution of mean pressure) 
and maps show ing the prevailing winds are in accordance 
with each other Since prevailing winds to a large extent 
determine the temperature and rainfall of the regions 
they traverse, isobaric maps may be considered as furnish 
ing the key to the more important questions of meteoro- 
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Fic 14 —Januury Js tars of the Glote and Prevailing Winds 


Wean At ospheric Pressur in Ja vuary (tg 14) —In this month, 
when the influence of the sun on the northern hemusy here falls to 
the minimum the greatest } ressures are massed ove1 the continents 
of that hemisphere and the least j ressures over the northern parts 
of the Atlantic and Pacific Oceans ove: the Antarctic Ocean and 
southcrn hemisphese generally In the southern hemisphere there 
are three patches wlere prissure mses to 30 inches viz im the 
Atlantic between South im mca and Afrua scuth of the Indi n 
Ocean and in the facitc Lctween Australia and South America 

In the noithern hemisphere n the other hand pressure mses 1 
Central Asia to upwards of 30 * inches tle mean pressure fcr 
January being at feast 30 4 inthes at Peking Semipalatinsh and 
‘Lenser and fully 305 inches at Irkutsk and Nettetinsk in 
the upyer basin of the Amur Ihis » the ngicn where the 
normal atmosphcrice pressure attams to a maximum whith 1s 
much higher than 1» reached mn any other 1em n or at anv other 
time of the year It will be observed t this renon of 
highest pressure occupies a josition near the centre of the large t 
continent The area of high barometer is continued w stwa d 
through Europe through the horse latitudes of the Atlantic to 
Carolma and thence though the Umted States to Califorma 
whence it crosses the Pacrfic to Asia ‘This belt of high pressure 
thas ccmpletely encircles the globe broadening as it passes the 
land and contracting as it crosses the ocean Its greatest breadth 
1s over Asia an! its least over the Pacrhe or where land and 
ocean attain respectively their maxumum dimensions 
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Pressures greatly under the average cover the northern poitions 
of the Pacific and Atlantic and also the giiater part of the Arctic 
regions In the north of the Pacific the normal pressure falls to 
about 296 inches between Aumchatka and Alasha In the 
north of the Atliutic, however, a still lowit mean pressure obtains 
ovcr a nirrow lilt stictching fiom Iceland to the south of Gicen 
Jand, the normal at Styhkisholm im the north west of Iccland being 
29 385 inches, and at Ivigtut in Grecnland 29 361 inches ‘Tas 
low averac for Ivigtut 1 the lowest normal known to occur any 
where and it any scason m the northan hemsphei, md it 1s 
samificant that the place is immediately to the north of that part 
of the Atlint« whac a considerible number of the storms which 
sw cpova Luope have tha ongin, ut whore mot a few of the 
storms wluch aoss the Atlantic from Amcica develop intensity 

It his becn scen that the highest ncan pres ur occurs near the 
contic of the ligest eatent of land, Lut 1 (uds the two oceans 
the lowest pressure 1s met with in the noitlan draision cf the 
Atlantic, Which as the lossct ceca Anaist ti not fiz T4shows, 
howeva, that the low yp csstic a aor the Athimtic 1s boanded to 
southward by systems of mach } Sia yr sums than ue to le 
found in the Paafic The rcsult of this u1imgcment is that much 
stronga winds blow northwud cya the Athintic and reund upon 
Kedlanl, und, as these mote quichdy advance ute ccldar Jatitudes 
tha is thas a greatar and mom fi yaonte nm cntiati n of yapou 
and lowe maz cf the barometer im th noathctthe Atlentu The 
heavy qamfall cf north westuin Pa pe may be refared to as con 
fumanes this vw 

of]: rk : : cqu 

qmiter untthe dole  Thasmuaksthe wl knowns 

town! wlioh on eatha hint the trade winds blow In the 
Atturi ith s quite north of the ¢yuator oven am Januay when 
the stuns course ds farthest to soutaw al and at dies newly y ual 
With the ¢jyuator On the cthar bond ai the Indian Ocean the 
position of th Tine of low st pressed t the outhct the ejuat 2 
anlu tyr iwithat, luttausas) uns comse fi m nea the 
uotthof Mililas a towudsSim tit tien ¢ townds the low pres 
sure Which pres uls at tas scisonim AListrilie its coutse 1s thea 
httl to northwards anlaossesthe Pa vic to the cuntral 1¢qmions of 
South Amen Its path ws thus idcvious on , bung north of the 
equitnorly in thee stam putcf the Pia and im the Atlinti , 
but dsewh re te the sorth of 2 Teme duawn futhest southwad 
When undu the anflucn cf the rons cf] w yressine which now 
occupy cul tral Australia ccatral ail sonth im Afiia, and ccntral 
Suth Amer In this trash of Parometuc depression nearly 
al] the troyi 2) st vins of the In lim O can have the orn 

Th re are several important modifications cf the asobaic Innes 
wsonsimilly published = In 1808 the reston of lowest pressure mn 
the n itherm hemiy here m winter was mploscnted is cxtending 
fram Iccland to north costwiarl now the area of lowest p cssure 
15 seen to catend frum Iceland south westw id to Gicenland In 
connexion with this point Ciptam Hoflmever discussed the 
weather of the North Atlantic durme scvtrul winter months and 
putlshed the results in 1878 which conclusively showed that the 
mcteorology cf Gicenland and Icelan 1 exerts on the distribution of 
atmospheric prissure a powerful mfluence not before propaly recog 
nized, resulting in the mean minum of pressure beng localized 
distinctly to the south west of Icclaud an) that in addition to this 
minimum there are tuo subordinate munmmuia one im Davis Straits 
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American storms 1n the earlic: part uf theu course 15 from Texas to 
the lakes Since, on the gti ad the centies of comparatiscly 
fuw storms, with then low barometer 1cadings, cross the southern 
and south castemn States, the normal winter pressure is highcr there 
than it 1s along the Mississippi 

Another mportant modification occurs in India, where the wobar 
of 30 inches 1s diflucted to the south cast toward Madias and 
thence towards the noth cast to new Akyib in Arahan = = This 
romathable dcflcsion well shews the important mflucnce cxcrted on 
the course of the rsobar by Taye well detimed shects of water and 
eatcnst\: tiactsof land = ‘Lhe distribution of pressure here indi ated, 
by which south of lat 22° the normal picesure 1s considcably 
higha i the east thanin the west of India, has, through the rgency 
of the winds resultin,, from it, the most 1 timate and vital beuings 
on the distribution of the winter 1ums and tanpelature over con- 
sida1able portions of Indit, and the 62 ne iclations hold, but im a 
deee still more stuking im the m teorology of Cevlon 

Ihe aemukvble eflect m mtaiuy ting or changing the course of 
the obus is puthulady wall allustratel by the lmcsin the m gion 
of the Aral Causpiim ani Dlid Sci, As the pomt is of no sinall 
Impoltance in mnctcolology, mdéss best ulu tiated by the Mediter 





Fig 1° —J obirs of Lun 


ranean and the countrr tothe nerth ou: cc we sanju aap or ois 


put of LKuop tit lu, showins the noimal pressure with greater 
distinc tiess and fulucss than could Lc sl own on fig 14, the asobais 
bang diawn for every half tenth of an inch 

Hire we see two distinct ateas of high picssuic, the one in 
Hun,za1y and the othe m the Penmeula, where the normal picssure 
exceeds 80 20 mchcs ‘Lhe lattar 1s the lager of the two, and may 
be 1czaided as the prolongation of the region of high poate which 
charutenzcs the Atlantic immediately to the south west at this 
scison The high pressure arca included wathin the wobar 30 15 
mches is of peculiar interest In the Peninsula it covers a pictty 


and the other in the Arctic Occ n milway b tween Jan Mayen and bivad area, bu. to the north east it contruts to a nalrow ne kh 


the Lofoten Isles The imvestigiti n further established the fact 
that when --- > arte lar eof hiss (Atta eee ~ plays 7 
miportant part the other tw» ether do not appear at all or occupy 
quite a subor inate place ani that according as one or othcr of 
these minima of pressure predominates so 1s the character of the 
Ww ther, as 1¢gaurds muildness or scvciity of the wintcr of north 
western Europe and regions sutrounlins the North Atlantic As 
? fats the British Islinds, the displacement of the minina to west 
wal 1 of the position shown 1 fiz 14 mens milder winter weather, 
whuitas a position more in the direction of the north of Norway 
Weis scverer Winter weather 

Anotha change unyp lying impcrtant consequences 15 sc nin the 
United States, where aimstead of onc, two distinct contres of 
m iwimun y cssure oC ut, or rather the high pressure of the 
wisttrn and cential Stitcs 15 scpuated from that of the south 
eastern States by a tczion of lower pressure occupving the rezion 
of the Mississippi States Professor Loomis first drew atteution to 


ths peculiarity in 1879 in an inquiry into the distribution of , Pemmsula, France, and Switzerland 15 also deadedly imland 


pressure over the United Stites, ar d cstablished the fact that thae 
aic two distinct areas of Ingh pressure, the larger havin, its centre 
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butwocn the Bay of Biscay and the Gulf of Lyons, and asain expands 
to noth eastward covering the distance from Cailsiuhe to Mo lena, 
its prolongation caistward bung there somewhat suddenly inta 
rupted At some distance to the castward the second rezion of hash 
piessur = met with, which 1s moperly a part of the high yrcssuic 
that overspreads the imtezor of the Old Contincnt in the winter 
months, 1t8 Wows aaatt berms the wobar of 8015 inches, which 
passes round by Pinsh, Cracow, Vienna Laibach and the upp. 
southern slopes of the basin of the Danub:, Scbastopol, and thence 
southward m the dnection of Cyprus 

The position of the lattcr of these mgions of high pressuie 1 
ay provimately midway between the south coasts of Asia Minor anc 
ite Baltic In other words, 1ts fe occupics the intenor of thit 
part of the Old Continent, and it iy instructive to note that the 
position of the Blach Sea and thc Gicch archipelago in the south 
portion of this region pushes the isobar of 80 15 inches a good deal 
tonorthward The position of the region of hugh pressure in the 
It 
docs not, howeve1, exactly occupy the middle space of the Jand 
lying betwecn the Medituiancan and the North Sea, owing no 


un Utah, and the less ovcrspreading the greater portion of the south | doubt to the circumstance that the very stecp baromctric gradient 


eastern and southern Stites, and that thes two areas of hith pres 
sure are clearly separated from cach ether by a broad catensive 


from France to Iceland greatly lowe1s the pressure oval the whole 
of the northern half of France It follows that the abnormally 


region of lower pressure stretching in a south western duction from ; high pressure which so remathably characterizes the intcnor of the 


the region of the great lakes to western Texas The reaso 
assigned by Professor Loomis 1s undoubtedly correct, that th 
relatively low nermal pressure of the Mussissippi States 1s duc t. 


the fact that the path usualls taken by the barometric minima of | 


Old Continent during the cold months of winter 1s represented, 
though in a greatly reduced form, westwards through tue Central 
districts of that (ontinent 

These two regions of high pressure are scpuratéd from each other 
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by a large area of comparatively low pressure overspreading the of Great Britun from the Isle of Wight to Cape Wiath This 
greater portion of the Moditerrairean Sca —marhed off in hg 15 by hows on a comparatively small scale the influence of the land m 
the isobar of 80 10 inches within which pressure 1s everywhere less 
than 3010 inches This region includes an area of still lower 
yee within the isobu of 3005 inches bounded Ly Sicily 
orfa Athens andCrete Hence tl e sin,ul uly low pessme which 
charactrives the nothein prt of the Atlinticeat this scaso bas its 
analogue im the south of } moye win h 15 unquestionally due to 
the higher temperature and Jaga humility of the climates of 
southern Curope which they owe to the Me htenanean 

It is deserving of special notice that while the im tease of the 
normal pressure of Januay from Genoa to Cencva 1s 0 081 inch 
it 13 auily 0 021 inch fiom Trieste to Riva ani thit to the noth 
of the Aduatie 19 far as latitu le 50° y ressmre 1s considarally lowa 
than obtans to the west and east cf that region =. An exainimition 
of the daily weather maps of Fmope shows that not unfrequently 
the storms of north western Emojc on lvancing as far to east 
ward as Denmark seem to connect themselves in some degiec with 
Mediterranean storms picvaling at the tim through anoth anl 
south proloncation of a system of low y1e smes = he com arative 
frequency with which this ocem@is x1 bally o¢ asioncel ty the 
general diift to eastwat | of the atmos} here of Kurope ¢ nsilerel as 
a whole talen im connevon with the high mountamous mle 
which hounds the Adziatic on its eastern sile from which it foll ws 

@thit the au ovcisp ea ling the deey Lasin of the A notice 1s oft n 
highly saturatel with vapour ant this IuJhly saturated an 2 
diawn noithwards thiough central Twoje when neith west in 
storms of L mope with low buometiic Iepression ¢ ntre J ass ac 
Denmath and the Balti  lhus the cw normal 71 ssure tc the 
north of the A luatic sey aatug tlhe twore.ions cf high yressm 
to the erst antl west of 1t 1s mm some icsyects anale 16 to tle 
low noimal yressure of the Mis 1ssipyi Vall vo wii h 5 yaates tlc 
high 1 noimal pressures of the Rocl y Mcunt ins wl ¢ tle outh 
eastern of the Un ted Statcs 

Th influence of lint an] water iesy¢ tively im the coll sea 1 of 
the ver aswell shown {5 16 whihryrsnt fieveny 000 
mh the no mal yressuic over th FPutih Tlanl om Jaruuy 
diawn fiom meins calculate 1 for two hun iret ant rnmety tre 
stations } 

It 15 in the winter months that the isol us of the ] 110 h Ishin] 
cowl most closely together anlin i 1 lance ther with sti 1, 
winls ate then most prevalent The ciow ling ct the 1s} u 
ret hes th maimim in Ji uy fiming what is pr latl tl 
steoj est mein monthly Lu meti cavbhent that oecms at ay 
geison anywlere on the clobe Tle yomt howey r to wl | 
attention 1s here hawnis the 1emal vt) 1 flicnec of St Ceo, 
Channel ant the ih Sea in hmm hin, the presses as thy Fiz 16 —Iolu 
cross these seas anlof the lantimuo1asmytl poo: wil 
1s seen in the curves o cuy yin, ayy 1ovmately the c ntial histi ts | 1asingthe mij ou a lof the seau lowerngit, during the 
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Fia 17 —July Isobus of the Gl Le ani Prevailing Winls 
told months of the yeu just as 1s seen on the grand scale in ccntial U an Atmospheric Piessurein July (ig 17 —In this month the 


Siberia and the north of the Atlantic physical conditions are the reverse of what ol tam» in January, the 


effects of the influence of the sun on the te mprrature and humidit 
1 See Journal af Scot Meteorological Society, vol vi pp 4-21. of the atmosphere msing to the maximum m the northern and falle 
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ing to the minimum in the southemn hemisphere | With the solar 
conditions revuised, a comparison of figs 14 and 17 shows that the 
distribution of atmospheri pressure in July 1s, considered in a broad 
sense, the revc1oe of what tal ¢s place in January 
In the southan hemisphue itmosphir pressure during the 
winter season 15 ibove the acneral avcraze of 30 imches between 
lat 10°an140 5 [his belt of high pressure encircle the slobe 
and embraces f ur rezions where picssure rises considaably above 
this zenail bihh average Lhese segions arc in South Afnca shout 
Jat 20, wher it 1ses to 4 little above 30 201n hes in Australia, 
where if uses cu the Munay river very neu) to 3) 20 inches 
m South America Where in the basinoftheTal] lata a ut lat 30, 
wanes t) 30.13 inches and m theoc m tow stwals where it 
ria hes 8002 mechs The point tolc mactel w th wsyect to the 
position of these centics of nen pressur it this asonas that they 
o cw over surfices between latitides 20 in 36 Ase ey ane 
with January, pressure m July over n uly tle whole of this bre 1 
bdt of the southemn hemisphere ws al ut two tenths of an im 1] 
higher, which 15 the simple result cf say n 4 compunson cf 
January inl July shows that this Ju ze ace ion to he yiessure cf 
the southein hemis, hac as uw ompam | by an extracr hn any dim 
nution of yrcessm¢ over the contme: ts cf the northern heisy here 
Now, Just is the gieatest ex cs of zressure during the wintcr 
of the northern hems; hae o curs in the contina ¢ of Asi so th 
greatest dimu ution of yrcssure im the wmmer months tales yzla ec 
inthesime ontucnt Lhe position however, of the ¢ two cvtrem 
139 fu from bem, mm the same re10n or even neat each otha = In 
the OL] Centin nt the maximum occurs in the valley of the ip) ei 
Amu whe it Net hinst the normal 7 cssme m Januny 
about 30 OOu te wheict the iow st nor nal picssme in July is 
29 412an he oa Le cus so far acts ivati nen les us to locat 
oat Ji olalal nthe west ale of the Lisnof the Inlus The 
difflaicn of th sc twonormalsas 1 188in hb an lover ne inconsidct 
alle portion of central Asie the normel pres me of Jul ay a inch 
less thin that of Jannay = Tnotha wil the mfluence of the sun 
mn summ 1% cxverte lon the temy craiture in] a] ous vapom of the 
atmusphe an) atmosphene movements sult ng therefrom 3s so 
powerful a5 t> remove a thutieth put of th shele mass of tle 
au from this (vtensive legion 
Lhe lange cvtcnsion mre ent yearsofg Lin torole,acal stations 
over the Russian ant Indiad empires ena] sus to lay lewn with 
much grevter pie ision than form aly the lin scfyressm Of he 
changes indi itel b th ncwais bus the mo timjortant perhays 
18 the posit: n ¢f the :¢41 1 of mmmunum prossuem {sia whi has 
now secu t) aaAe the bain cf the Intus an? thence st ¢tchics 
ovcr a somewhat Moad region to westwar in aly as fir as the head 
of the Per in Gulf = ‘The point is of no small ampcitance in atmo 
sphere physi 3 masmuch as it places the rezton of Icast normal 
pressure in July as close geographically ta the 1¢s10n where at the 
time terrestrial tempur ature 18 In_hest as the 1¢,10n of Inghest normal 
pressure in January is situate] with 1espe t to the region where im 
that month tarcstial temperature is lowest in Asia 
The July ws bu of Inha we of singulu interest and imyly con 
sc jticn co Of the utmost practical advantage to the empne Tiom 
Cut jr southward the nomuail pressure ws cyenywhere hisher, and 
consi ii bly s» along the whole of the west than 1t 15 m the east in 
the sane latitudes the difference berg appicxmately half a tenth 
of ininch =‘ This 18 re presente 1 on the map by the slanting of the 
isobals fiom north west to south east as they cross this part of 
India , and 1t 15 to be noted that the erst ind west coasts of Ceylon 
show the same inner of distiibution of the prossuie The cons 
uence of this} ceulaity in th distil uticn of the pressure is that 
the summe: monsoon blows more ‘ine tly from the occan ov 1 
westain and 6 uthein In lit than woul l have Lecn the case if tne 
1sobus hal lain due eastand west an] thus prot al ly pre ipitates in 
Its sourse a more abundant rainfall ove this put cf the empne 
But 1 moie important conscquence fillews ficm the seogiephi al 
distril ution of the y ressure over the valley of the Gan.es If the 
noni pressure theic had dimuushed i the manner 1t dors over 
India to the south of the Gingetic valley, the winds would have 
becn south westerly and the summer climate jnactically ramnicss 
This however isnot the ase but the normal yiessurc amin) cs 
westwal ls along the valle of the Ganzes as the t lowing mean 
Tuly pressures will show —Calcutta 29 376 inches Patna 29 535 
mehes, Luchnow 24 221n hes Roothec, 29 505 anehes and 11 
crossing westwarl into the Punjab pressure falls still lower—to 
29 £39 inches at Mooltan ant —) 412 inches at Jacotabal = Indecl 
pressurein July 130 220m te J] wer at Jaeobabad than at Stbsagai 
on the Brahmaputia, neatly on th seme lautule It necessarily 
follows fiom this distribution of the yessuic that the summer mon 
soon, which blows noithwud cy the J ay cf Pe ngal 15 1 flected 
unto an ES E wind whic’ fills tne whole villey of the Gan,cs, 
distributing on its way ~ >> * generous 1unfall over that mim 
cent region 
The influence of the land in lowering the pressure im summer 15 
well ulustratcd by the course of the isolars ov r western Sabena 
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the middle lime of the Old Continent In this connexion 1t ys 
interesting tq note the course of the wobar of 29 90 inches over 
that part of Europe where the breadth of the land 1s considerably 
mcreased—between the Baltic and Constantinople In contiadis- 
tinction to this the influence of the Aral, Caspian, and Blach Seas 
in maintaunng a higher pressure appcus in the remarkable pro- 
lonzation eastward of the isobais of ees ressmre ove th regicn 
of these seas being in stihing contrist to the lower pressures which 
p cvail to the north and south 

Lhe lowe1ny of the normal pressure 1s ¥c14 decided in the wland 
1egnons of Spain, North Italy, and Semdinavia = Lhe elect 15 most 
‘trongly sccn in Spun the largest and compactest of these regions 
Thus, while the nowmal pressure dimimishes between Lisbon and 
Barcelona fiom 30096 to 30 048 ches the sea level pressive at 
Madniid falls nc url) to 80 000, aud the pressme at Saragossa and 
Valladohd 15 nculyas low Thus lowermg of the picssure over the 
mnténor influences inaterially its summen climate As 1cmarhable 
an ilustiation «f the principle as can be pointcd to any where 1s seen 
inthe noith of Italy for, while the noimal pressure at Moncalicra 
15 29 941 incl cs, at Genoa on the cost the relatively high normal 
of 29 992 inches is mainiaincd, ¢he distance of the two places being 
atout 40 mile = To tle east pressute rises to 29 970 inches rt 
Vence and t> westward to 30 023 inchesat Geneva Over Scandi 
navit Alone th west coast fiom the Arcti cucle southwaid, the 
norinal } 1 ssure equals or exceeds 29 80 inches, the variation being « 
com) 14 1¥¢1ly small and along the corst fiom the head of the Gulf 
of Lothmia te the scuth cast of Sweden pressurc also cxeeeds 29 80 
mches an! i}¢1 crease fiom noith to south} 10ceed at. slow 1ate 
In, however he stuctly mlani distints to the north east of 
Caistiania v Juich hie immcdiitely to the cist of the Scandinavian 
mountains an! sheltered by that lofty 1mge ftom tne winds of the 
Atlantic y.cssu1_ 15 considcrably lowe: than it » along the east and 
west cost of the peninsula Owing to thr peerliu dastubution 
of th pic sure the winds whi h necessarily result from it give a 
much finer sun mer climite to the south erst of Norway and to the 
stir t] inlanl pat of Sweden than woull oth 1wise be tne ci e 

Th 1 mukile caving nathward of the isobar of 29 80 mches 

as t) mcude Lapland within it pomts y10b bly to the influence 


[cf th White Sa aml the wonderful Lik sys cm ct Lapland m 


maint? nin, 2 higher summer: pressure over that country, by which 
th noithe ly winds that blow towa ds the ] w preseurce region of 
(intial Asia to ine serious deterioration of the summe: climate of 
noithan Sibcna do not extend so far to westward a» Lapland 

Lhe distribution of the nor nal pressure over North America 18 
quite inalosous to whet prevails over Asti but, the continent being 
lss the diminution of jnessule im the intciiol 1s also conespond 
my less Lh highest nomi pressure 30 077 inches, 1s found in 
th south east in Tloida and thelowest 29 780 inchs, in Utah, the 
diffacnce bomys thus 0 297 mch — Another rezion ofielatively high 
Jlessure Js n the north western States and Buitish Columbia to the 
neith the n vwimum, neat the mouth of the Columbia river, 
reaches 80 002 inches, being thus nearly as ligh as what occul» im 
Tionla =Lhese two 1esons are merely extensions of important 
high pressure areas which it this season ue highly characteristic 
fuatuies of the meteorology of the North Pacific and North Atlantic 
1espectivelv 

Of these two regions of high pressure the one overspreadin, the 
Atlantic between the Umited States and Africa 1s the more stil in,, 
bem not only the region where pressure 1s highest anywhcie on 
the slobe during the months of June, July, ni Ausust but where 
the normal ynessure reaches the highest pomt attaincd at any scason 
ove: the ocean The highest poimt 1eached by the noumal y1 sme 
ovcr the lind at any season occurs, as has becn pointed out, ncai the 
centie of Asia or approximately in the madd] 1¢s1¢n of the Jacest 
continuous Jand surface on the globe during the coldest months of 
the year On the othe: hand, the hishest piessuie over the ocean 
occuis dung the warmest months of the year and not over the 
lai gest water surface, but in the middle regions of thc North Atlantic, 
whore the breadth 1s only about half tl at of the wate: surface of the 
Noith Pacific 

From the essential differences between these two sets of pheno 
mena it may be mmferied that the extraoidimuily high pressure 
which 1s so marked a fratwie of the meteorology of Cential Asia 
durm, the cold months of the year 15 a dnect consequence of the 
lowenng of the temperature of the land of Asia and of the atmo 
sphere resting on 1t during the time of the yea when the cffccts of 
solar radiition are at the annual minimum, and of teriestiial 11d1a 
tion at the anuwil maarmum = But the dete:umnation of the place 
and time of highest p cssure over the occan must be regarded as 
indirectly biouglit about The physical conditions undau which it 
oceurs ate these —it happens (1 at the time of the ye% when the 
earth picscnts the largest surface of Jand to the sun, and (2) ovef 
that ; ait of the ocean which 1s most completely surrounded by these 
highly heated land surfaces [lis Ingh sumincr piessure of the 
Atlantic has its origin in the uy per curients of the atmosphere 

Mean Atmosphere Pressure jor the Year —The distiubution of 


and Russia, where pressure 1s seen to fall rclativesy lowest along | the annual atmospheme pressure may he considered as reprosenting 
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the sums of the influences directly and ndirectly at work throughout 
the ) eal 1 ncresing or dinumshing the pressure of the atmosphere 
There are two regions of high pressure, the one north and the 
other south of the equator which bl completely round the globe 
as broad belts of high pressure Ihe belt of high j1¢essure in the 
southern hemisphere hes nearly prrallel to the equitor and is of 
nearly uniform brevlth thioughcut but the belt noith of the 
equator has a very irregulai outline and shows great differences in 
its brea lth and 1ts inclination to the equator "hese mregulaiities 
wholly depend on the peculiar distribution of land and water which 
obtains in the northern hemisphcre 

These two zones of high pressure enclose between them the com 
priatively low pressure of the tropl » through the untie of which 
runs a narlower belt of still lower pressuie, towar ls whuch the tra le 
winds on either hand Llow Considered in a broad sense there 
are only three regions of low pressure the eqnatoual one just 
referie] to, and one round cach pole boun lcd 15 01 contamed 
within the zones of Ingh pressme just Isulel The most 
remarkable of these, so far as it 15 known 1s the region of low 
pressure vbout the south pole which 1 nains low throughout the 
year playing the principal role im gie win 1 systems of the Antarctic 
gone 1n 1ts heavy snowfill an] 1unfill ani m the enormous xe 
bergs which form so sti] ing a feature cf the water of the Southan 
Oe an 


the low pressure area rcunl Ic Janta the leeyer anlis probally 
occasione 1 Ly the stceprr ] nomet 1¢ givlicnts and stronger winds 
whi h prcvail over the North Atlant: = Lhe broad e ynatonial zone 
of low pressure also cont uns two dy ict regions chata terized by 
stall lower yressmes Ile lar «i of the two stret hes acioss 
southern Asta fiom Assam to the heal of the Persian Gulf and 1s 
entuely due to the very low pressures whi h fo mm so markcd a feature 
in the summer metvorologv of that partot Asia Lhe 1es10ns of 
the midile Indus and upj et Ganges o cuz the centre of this low 
plessuze trea whicie normal yressute falls short of 29 80 inches 
Lhe second arer of lowest equato1al yressure 1s in the centre of 
Africa 

It my be here pointed out that the whcle of these veas of low 
mean annual piessure yossess the common chara tcrstic of an 
excessive amount of moistuic m the atmosphere ‘The Arctic an 
Antarctic zones of low yo ssure an] the ol tes low pee zone 
geneially may be regardc { as all | ut wholly occasione | by the com 
paratively larze amount £44 wointhuratmosplem  Asievar!s 
the region of low jressuie cf southern Asia in summer it 1s 
remarkable that while the eastern half which o e139} reads the valley 
of the Gangc> i» chaactiel by am ist atmcsphere and lar_e 
rainfall the we tern hilf of it 1s singularly Iry and 4212 tielly ram 
less and that the eentiil pcrtion of this remaz] alle dc ression 
occuples a 1-gion Where at the time the clunatc 1s one of the lest 
and hottest an) where to be foun! cn the globe Hence, while the 
vapour 1s the mole unportint of the disturl ing influences at work 
in the atmosphere the tempcrature also ie 6 10 cons} 1cuous put 
directly in destroying atmcsyjhene eymhtium fiom which result 
winds st rms and many other atmosphen chan,es 

The Prevarleng Wands of the Globe —If atmosphenc 
pressure were equal in all parts of the earth we should 
have the physical conditions of a stagnant atmosphere 
Such, however, 1s not the cise Let there be produced a 
concentration of aqueous vapow %ver a particular iegion, 
or let one region show a hisher temperature than what 
prevails around it, then from the different denpities, 
and consequently different pressures thercby produced, 
the equilibrium of the atmosphere 15 destroyed, and, as 
might be expected from the laws of aerial fluids, move 
ments of the air, or winds set in to restore the equi 
brium Now every one of the 1sobamc maps we have 
given, as well as every isobaric map which has becn made 
from recorded observations, indicatts very considerable 
disturbance of the equhbrium at the suiface of the earth 
All observation shows that the prevailinz winds of any 
region at any season of the year aie simply the expression 
of the atmospheric movements which 1esult from the dis 
turbance of the equilibirum of the atmosphere mdicated by 
the isobaric maps for that seasou and region 

All winds may be regardedas causcd directly by differences 
of atmosphenc pressure, just as the flow of rivers 15 caused 
by differences of level, the motion of the air and the motion 
of the water being both referable to gravitation The wind 


blows from a region of higher towards a region of lower 
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pressure,—in other words from where there 13 a surplus to 
where there 1s a deficiency of air, and this takes place 
whether the differences of pressure be measurable by the 
barometer, as 13 generally the case, or not readily measur 
able, as m. the case of sea breezes, squalls, and sudden gusts 
of wind wluch are of short duration 

So far as 1s known, differences of atmospheric pressure, 
and consequently all winds, origmate in changes occurring 
either in the temperature or the humidity of the air over 
restricted regions Thus, if two regions contiguous to each 
other come to be of uncqual temperature, the air of the 
warmer region, being specrfivally lizhter, will ascend, and 
the heavier air of the colder region will flow in below to 
take it» place Of this class of winds the sea and land 
breezes are the best examples Again, if the air of one 
region comes to be more highly charged with aqueous 
vapour than the air of surrounding regions, the air of the 
moire humd region being lighter will ascend, while the 
heavier air of the drier regions will flow in below and 
take its place Since part of the vapour will be condensed 
ito cloud on rain as 14 ascends, heat 1s thereby disengaged, 
and the equilibrium still further disturbed In this way 
orzinate gales, storms, tempests, hurricanes, and all th 
more violent commotions of the atmosphere, except some 
of the forms of the whulwind, such as dust storms, mm the 
production of which very great diffcrences of temperature 
are more immediately and exclusively concerned 

The Tiade Winds —Yrom fig 14, giving the 1sobarics 
fo. January, 1t 15 seen that atmospheric } ressure in the 
Atlantic 15 lower near the equator than it 1 to north 
and south of it, and the arrows indicate that to the north 
of the tract of lowest jressure NE winds mevail and 
to the south of 1t SE wimds These are the well 
known NE and SE trade winds, which thus } low from 
regions of high pres-ure towards the tract of lowei pre~sure 
situated midway betveen them The trade winds do nct 
blow directly to where the lowest pressure 1s, but in a slant 
ing direction at an angle of about halfa degree The devia 
tion from the direct course 1» due to the imfluence of the 
rotation of the carth on it» axis from west to east,—an 
influence to which all winds and all currents of the ocean 
are subject 

In virtue of this rotation, objects on the earth» surface 
at the equator are carried round towards the east at the 
rate of about 17 miles a minute On receding from the 
equator, however, thi» rate of velocity 1s being contmually 
diminished, so that at 60° N lat 1t 1s only about 54 miles 
& minute, and at the poles nothing From this it tollows 
that a wind blowing along the earths surface in the direc 
tion of the equator 1s constantly arriving at places which 
have a greater eastward velocity than itself A» the wind 
thus lag» behind, these places come up as it were against 
it, the result bemz an cist wind “ince, therefore, the 
wind north of the equator 1s under the influence of two 
forces—one, the low pressure near the equator, drawing 
1t southwards, and the other, the rotation of the earth, 
deflecting 1t eastwards—it will, by the law of the composi- 
tion of forces, take an inturmediate direction, and blow from 
north-east For the same reason, south of the equator the 
south 1s deflected into a south east wind 

In the Atlantic the north trades prevail between 
latitudes 7° and 30° N,, and the south tra les Letween lati- 
tudes 3° N and 25°S These limits are not stationary, 
but follow the sun, being farthest to the south in February 
and to the north m August The tract of low pressure 
between these wind systems 1s named the region ot calmg 
owing to the calm weather which often prevails there, and 
it 15 also characterized by the frequent occurrence of heavy 
rains This region of calms vaites its position with that 
ot the sun, reaching its most northern limit lat 11° N.. 
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im August, and its mus southern lat 1° N, in February 
It» breadth varius from 3° to 8, and 1t lies generally 
parallel to the equator It 1% to be noted that, in the 
Atlantic, the region * culms is at all seasons north of the 
equitor 

North ina south tides also prevail in the Pacific Ocean 
separated Ly aiczion of calms, which would appear, how 
ever, to lx of less brevdth and to be less clearly defined 
than 15 thc region of calms in the Atlantic Ir the eastern 
portion of the Pacific the region of culms hes at all seasons 
to the north of the equator, but in the western division 1t 
1s considerably south of the equato. duinz the summer 
months of the southern hemisphere, this southuly position 
bem m all hkehhood occasioned by the eat: ordinary high 
pressure in Asia in its relations to the low pressure im the 
mtcnor of Australia at this season = Jwins the summa 
months of the northcin hemisphere the region of calms 
wholly disappears from the Indi Occan and fiom the 
western pat of the Pacific Ove, thee beins then an 
unbrokin dimmshing pressure fiom the latitude of 
Mauritius ind Cuntral Australia northwards as fu as the 
low pressure of Central Asia 

Reions cf hoht and vanable winds and calms occ at 
the higher lmuts of the north ind south trades Except im 
the P cif, where owing to the preatur bierdth o: thit 
ocea they spread over 1 considerable extent, these 1cgions 
appear but m cucumscibed patches, such as chu acterize 
the meteorology of the North and South Atlantic vbout 
latitudes 26 to 36 Of these renons of calms the most 
ny ortant 1s that marked off by the igh pressuic in the 
North Atlantic betwecn the United States und Africa 
This 1s the resion of tlie Sargass> Sea where the weather 
ischuactcriz d by calins and variable winds ind the ocein 
by its comy uatively till waters Ihese are known to 
seumcn is the ‘ borse latitudes, and are cssentilly 
different fiom the equatorial region of calins = The hitter 
as hw ben stit -, 1» the region of low pressure at the 
meeting of the north and south trides where the climate 
g distingm hed te 1s general sunlessness and heavy 
ranful On the other hind the calm regions m the 
Atlanuc ind Pacifie Oceans about the tropics hue an 
atmosphere prossmic abnormally dish clear shies and 
the werthar cencrall unny ind bucht with ccces onal 
squall 

Numerous ol scrvitign made im uly uts of the oIche 
establish the fict that while th smfice win ls within the 
tropics re duuctud tow u Ts the cquitortal rezior cf celins 
in such y manna thit the Sener al mteruoy ical movem 1 ts 
of the itmosphac or yievuling wind are citerly the 
prevailing winds of the unth ml s uth tempai ne 
are westerly IJhe westme of these cieat vail coc ts 
15 due to the same cause that cives casting tthe tradc 
winds, viz, the rotation of the euth1 undits wis 101, 
as an atrial curent advancus into nha latitudes it 1s 
constantly arriving at regions having 4 Iess 1c tat ory veloc ty 
than itself it thus outstrips them and Jewes th m bchind 
in otha words it blows over these places as 1 westerly 
wind 

While however the sreneral prevalence of westerly winds 
has been cstablishul over the ¢atratioy ical 1c.ions of 
Europe, Asti, Afi: Ameica and Australia, th direc 
tions which in diffcicut suasons and at diffrent plices are 
actually found to privul oft n diffur vury widely from 
west An exammation of the winds it one hundred and 
fifteen places pretty well disturbuted over the uerthern 
hemisphere reveals the mstruct ve fut that almost cvuy 
place shows two maximum duections from whi h winds 
blow more frequently than from the other directions, and 
that one of these two directions shows a consider ible excess 
over the other Thus, for example, the following are, on a 
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twenty jears’ average, the number of days at Greenwich 
each wind prevails during the year —N , 41, NE, 49, E, 
238, SE, 21, 8, 34, SW, 103, W, 38, NW, 24, and 
calms, 32. Hence SW and NE winds aie there more 
prevalent than winds from any other direction, and of these 
two winds the greater maximum direction is SW _ If the 
two maaimum directions be sorted unto grcups, then the 
gicater maximum direction occurs as follows — 


fom SSW to W it 47 places 
WNW , N , 33 ,, 
NNI E319 4, 
PRE a> Bt 7 206" .145 


and the othe: maximum direction 1s 
from SSW to W at 20 qlaces 


WNW ON 
NNI L 38 
LSE , S82 


This result of observation, g» different from what was long 
accepted 15 beinz 1n accordance with the generally recerved 
theory of the movements of the atmosphere, teaches the 
mmportant lesson thit the 1cg1on towards which the extra-¢ 
tropical winds of the northern hemisphere are directed 18 
not the region of the north j ole 

Preaching Wind an January —On examining fig 14, 
which shows the distribution of atmospheiic pressure mm 
Tinuary it 1s seen that pres we is ibnormally low over 
the noithurn portion of the Atlantic—the lowest occurring 
between Iceland and South Greenland—from which 1t 
1ises aS We proceed na15W dnection towaids America, 
m 2S duection over the \tlantic, and n 18 E and E 
direction over Curope and {sia Now what influence has 
this remaukable atmospheic de ression on the prevailing 
winds over this large and important jut of the carths 
suiface? The amows in the fare which indicite the 
prevailing winds ind which have becn laid down from 
observations answer this question 

\t stations on the cast side of North America the 
arrows show decided predommance of north west winds, 
at the more northern places the general direction 15 more 
northerly, whereos farther scuth 1 15 more westerly In 
the Atlant betwecn America and Gicit Britain, nm the 
south of Lnghnd 11 J. ance and Beloum, the duection 13 
nealy SW {[n Irland and Scotland it 1 WSW, 
m Denmark and the north we t of Russia SSW , fiom 
St Peters} wm. to Tobolsk SW on the west of Norway 
gencrally SS] ant im Grecnl nd, the north of Iceland, 
and about Spitzber.en NJ Hence all the prevailing 
winls in January over this exten ive portion of the lobe 
mav be resirded as the simple expression of the diffcrence 
cf atmospheric pressure which pres uls over the dificrent 
puts cf the region = In tiuth the whole appears to flow 
voiticcsely, or mm an inmoving spiral coursc towads the 
1.1¢n of low jressure lyinz to the south west of Iceland, 
and extending castward over the Arctic Sea north of Russia 
The only mirked changes in these dirceticns of the wind 
thus broadly sketched out arc the dcflexions caused 
by the various mountain systems which hie, so to speak, 
embedded in these vast acrial currents, of these the 
winds in the south of ““orway afford excellent illustra, 
tions 

the influence wluch chis pecuhar distribution of the 
pressure over the north of the Atlantic exercises in 
absolutely determining the wintcr climates of the respective 
countries 1s most instructive It 1s to this low pressure, 


| which draws over the British Islands WS W _ winds 


from the warm waters of the Atlantic, that the open, muld, 
and, 1t must be added, rainy winters of these islands are 
due The same region of low pressure gives Russia and 
Western Siberia their severe winters, and it 1s the same 
consideration that fully explams the enormous deflexion of 
the isothermal lines from Norway eastwards and south- 
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eastwards over the Old Continenc Finally, the same low 
pressure draws over British America and the United States, 
by the NW winds which it induces, the intensely dry 
cold air current of the Arctic regions At Portland, Maine, 
which 1s swept by these cold north westcrly winds, the 
normal temperature in January 1° 23°6, wheres at 
Corunna, on the coast of Spain, in nearly the same latitude, 
where south westerly winds fiom the Atlantic prevail the 
mean temperature of the month 1s 49° 1, or 25° » ngher 

The region of low atmospheric pressure in the north of 
the Pacific 18 accompanied by prevailins winds over the 
region embraced by 1t and by climatic effects in all respects 
similar to the above In Vancouver Island the prevailing 
winds in January are SW, at Sitka FSH on Great 
Bear Lake E N E, in Alaska NE, im Kamchatka VN NE, 
and in Japan NW_ In accoidance with these winds 
the winter climate of Vancayver and adjoinm,z regions 
is mild and humid, and that of the north east of Asia dry 
and intensely cold 

On the other hand, abnormally i.h pressure rules over 
the continent of Asia at this season, and as rezards this 
region of high pressure the arrows represent the winds as 
blowmg outwards from it in all directions Over the 
interior of Asia, where the hizhest normal pressures are 
observations show a marked prevalence of calms and hght 
winds but around this ccntral rezion the } revailing winds 
in Janwiy are—at Calcutta N, at Hong hong LNE, 
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north of the Amazon, and in the Pacific to the north of 


‘lat 8° N, probably as far to westward as long 150° W 


| 


The low pressure systems which prevail during the 
summer months in South America and South Africa have 
each its corresponding syetem of winds all round — It 1s 
however, in Australia, as bemy the most compact and 
1solated continent that the influcnec of the summer sun in 
lowering the pressure 1s best illustrated In that cr ntanent 
the lowest pressure occurs in the iegion situated about 
midwiy between the north cost and the tropic of 
Capricorn, over which the normal } res ure docs not exceed 
2980 inches Lurthei, everywhere in Australia j ressure 
diminishes from the coast on advancing uy cn the inland 
districts It follows from this disposition of the pressure 
that all round the wland the prevailimg winds in summer 
blow from the sea towards the interiot and accordin, ly it 
1s in these months that the greater part of the rain falls 
l1om the low pressure of the interior southwards to Bass s 
Straits pressure 11sec3 contmuously the increase in the 
noimal over this space being about 0 200 inch_~=— To north 
ward 1t also rises continuou lv to beyond the north of 
China, the increase on this side being about 2 of an inch 
In this case the greater part of the increase occurs ove 
the continent, the rate of incrcase from the north of 
Austraha to the Philippme Island» being only about the 
1ate of incicase which obtains southwaid towards Bass» 
Straits 1t will be shown when the sulyect of the rainfall 


at Peking NW, on the Amur WNW SE at Nym | 2s examined that it 1s the relative excess of these high 


kolynisk and SS W_ at Ustjansk (in the north of Sibeia), 
and at Ro,oslovsk SW Hence fiom this eatensive 
rezion where pressure 1s abnormally hich, or where at 
this season there 1s a large surplus of air the prevailins 
winds flow outwards in all directions towards the lower 
pres wie which suriounds it Owang to the excessive dry 
ness of the ur of Central Asi terrestrial radiation 1s less 
obstructed there than anywhere else on the lobe, and 
consequently the temycrature full, very low the mean of 
January vt Werch2jinsk bein, -—59°S which 1s the lowest 
mean monthly temperature kncwn to occu on the earth s 
surfacu And, since the winls blow outwards fiom the 
dry cold chmates of the mtcnor tem) eriturcs are ] w 
evenonthecoasts Of this hinvafford co lillustiations 
Thus the mean Januiry temy erature of Peking 1s 22 7 and 
of /iha Wei near Shan hu 3) £ wh icas at Corfu and 
Alcxand ia the normal tenjpertues for Jinuay ue 
respectively 50°9 and oo 0 «2 28 2 and 22 6 ln he 
than in coriesj ondins Jatitudes on the cot of China 

[he winds of the United States in winter taken in 
connexicn with the peculiar distribution cf] ressure alrer ly 
described, aie ver} interesting = Lhere are two regons cf 
In h y1essure onein the south ea tunS ic a ltl ctha 
and Jue one in the iegion ucunt Utih i d between 
these theie 1s mterposed a tiouch of lower j 1essure catend 
ing from (hicago to the scuth west of Icxas On the 
western side of this deyre sion the winds are noth 
westerly, but to the eat of it thy become W, WSW 
and in some places § W , and 4,21n on neaznz the {Atlantic 
seaboard they become north westerly In conncxion with 
the region of highcr pressure in the west, the )1cvaling 
winds ue seen to flow cuwaid trom it Lhe nomial 
pressure diminishes everywhere to southward of a line 
drawn from the Canares to Bermuda, thence westward im 
nearly the same latitude to Texis and then to west north 
west to San Francisco ‘The tiact of lowest pressure 
stretches from the basin of the Amwon in the duection of 
the isthmus of Panama im about latitude 8 \, and thence 
1s continued westward for a considerable distanccu into the 
Pacific mm nearly the same latitude It follows from this 
distribution of the pressure that the north trades nm a moe 
or less modified form prevail over South America to the 


| 


pressuies the one in the south cf \ustralia anl the other 
in the souther t of Asi thit determines the ] osition 
of the irea of low pressuic nn Austria m j articular years, 
and with that position the decree and extent to waich the 
whole of the northun yortion of Austiaha is w itercd by 
the runfil ‘Thus when jie ure is m re than usually 
hngb in the south eist of Asin ani either low cr not ex 
ce sive in the south of (ustrala then the low ] revue 
reion 1s yushed farthe: southward mto the mtcrior, and 
with it the rainfall spreads inland over a wid 1 area and to 
1 s1citer depth 

Preeuling Want am July—In the winter of the 
outhern hemisjhere the ceo yhicil distrit ution of 
pressure 1s exactly the rever im iu tralia ot what ¢) tans 
durin, the summcr month = Fverywhere all rour 1 it 
mnereases Cn advanunes fror2 the coast into mlind district 
The Jowest pies ure alout 3000 inch = occurs son the 
north cor t and the h Lhe t over the 12 1n of the Vunay 
river and its uPuents where it uses cenerally t 01S 
inches On the south ceca t it is cenerally al nt 0012 
inches fillmz however at Galo L lind m le extiene 
south cast to 30000 m he anilte ~ Sooimth suth 
New Zealand = Fiom the VWui1as ise. the dimmut n f 
pie wciscoitinuou tothe noth cventoth TL wyime ure 
cf Central \uiv)s Fi m this ananzement of th pre sue 
the prevulin, winds t] w 4 m the intaz 1 t wud the 
suiroundim., ocein all rcund Au tril wih the simile 
exception of the extieme south we cf the ccntin at where 
the prevaling winds arc south we taly beim here essenti 
aly an outflow of the hinh yicssure which over yreads the 
Indian Ocean to the westwud As the oS W wink ue 
fiom the ocean, the runtil at Peith in Juhl is tully © 
incheg and it 3s hu_h over south western distints of We t 
Austialha ‘The prevalins winds round Austrailia ue ST 
on the north coast 5 Wat Brsbanc, WN Wat Sydney 
N at Melbowne, \F at Adelaide These all rey re ent 
an outflow fiom the hizh pressure reaions of the mtcuor 
modified by the influence of the earths rotitiun ind in 
correspondence with the reversal ot the distribution of the 
pressure, are directions the reverse of the prevaling winds 
of January 

In July the central and southern parts of Asia are 
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highly heated by the sumer sun and, besides, the rainfall 
over southern parts 1s cxcessive Consequently atmospheric 
pressure 18 very low bem fully 0 40 inch lower in the 
Punjab than it 1 m the south of Ceylon liom the 
interior pressure rises contmuously on advancing to the 
eastward, southward westward and northwaid, and from 
all these directions the prevailmgs winds of summer flow 
mwards upon the mterior and these bring 1ain or parching 
dron ht iccoding to the vapour they bring from the 
occin they heve traversed and according as they advance 
into warmer or colder rezions ‘he prevailing summer 
winds of Asia bemg an inflow iw irds upon the interror, 
hive zenerally spexkin, csactly the reverse direction of 
that prevailing in winter 

Ihe winds of Fmope ae manly determined by the 
extraordinarily hich pres ure cf the Atlantic im 1ts relations 
to the low pressme systems cf Central Asia and Central 
After at this time = The winds in the Spanish Peninsula 
aie nithwet mthe noth cf (fica they are northerly, 
and asain nor hwestuly in Syma = The winds of the 
British [sland and western J urope have less southing and 
more northin, than the } revailing winds of winter and to 
the cast of ln. 40 I they become decidedly north west 
It 1» to the Atlantic o11,1n of these winas that the summer 
climates of these lag, ind important 1e_10ns owe the com 
paratively Jaroe raimfall of this season it hem, at this time 
that th samfall rcaches the annual maximum ‘Lhe bear 
in, * the low pressure areas ind mountaim systems of the 
north cf Ttaly and Scandinavia on the climates of these 
countrics will be afteiw uds referred to 


the centre of lowest p essme in Noith Amenica 1s ovG | 


di 11 t abort U teh from which it rises all round lei t 
to northward ind most mm south easterly and north westerly 
dice 1¢n 
wardsupen thiscentral low pressure area and 1s these winds 
pass successively over regions the temperature of which con 
stantl, merea cs the summer climate is rainless 1 the 
otha hand southerly and south easterly winas from the Gulf 

f Mexico blow wy the western side cf the nisin of the \Lissis 
slp}1 inwaids uy on the low , resstre uca of the centre de 
y ositing in their course ina1unfall more or less vbundant 
the mosturc they have liou,ht fiom the Gulf To the noith 
of lat 00 and to westwai | «f Hndsons Bay the prevail 
ing winds become easterly aid north easterly di trbutmg 
over Manitoba Saskatchewan and neghbourinys re.101 
as they continue ther westerly course towards the low 
pressure area the iinfill the have trans ortc] thither 
from the wide expanse of Hudsons Bay An attentive 
examination of the ariows of fig 17 shows that the prevail 
in, winds over all thc States to the east of the Vississipp1 
iver are rather to be regarded as an cutflow from the 
regicn of very high pressure ove: the Atlantic to south 
eastward Thus in Tlorida the wml arc S$] m the 
southern States S, and in the Jake re ion in the New Tn, 
lind States and on the Atlantic sevhourd SW Sinec the 
c1igin cf these winds 1s thus essentially oceanic and since 
m their course northwards no mountain rane crosses their 
path the whcle of this extensive region enjoys a larec but 
by no means eacessive rainfall, which taken in connexion | 
with the temperature render, the summer climate of these 
States one of the best to be met with anywhere on 
the globe for the successful prosceution of 4,1icultural 
industries 

The remarkable protrusion ¢f high }ressures from the | 
soithern hemisphere where thcy are massed at this time 
of the vear northwards mito thc Atlantic 15 as has already 
been refcrred to, one of th outstanding features of the 
meteorology of the summer months of the northern hemi 
there In the central area of thi large reson the climate | 
s remarkable for its prevailing calms light winds, oreasional 
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squalls, and cleai skies From this comparatively calm 
space the wind blows outwards in all directions towards and 
in upon the surrounding regions of low pressure These 
winds, owing to the high temperature, clear skies, and strong 
sunshine of the region from which they issue, carry with 
them a great amount of vapour near the surface, by which 
to a large extent the north of South America, the east of 
North Ameiica, the greater part of Europe, and a large por 
tion of Africa are watered The prevailing winds over this 
region are furthe1 interesting, not merely from the stnking 
illustration they give of the intimate relation of the winds 
to the distribution of the pressure but as being of no small 
importance in dete: mining the best routes to be tahen over 
this great hghway of commerce and the more so masmuch 
as the currents of the ocean are coincident with these pre 
vailing winds 

In the Antarctic regiong or rather to the south of lat 
45° S, the normal atmospheric pressure i» low at all 
seisons there lemz4% giadual diminution of picssure to 
29 20 inches a] out lat 60°S = Picssure 1s probably ever 
still lower nearer to the south jolt, as seem» to be indi 
cated by the obscivations mide by Su James ( Ross, and 
m the “Challenger and othe: expedition, Over this 
zone the prevailing winds are WNW and NW This 1s 
the regionof the base westwinds the roaing forties ’ 
of sailors which } lay such an important part in navigation, 
and which determine that the outward voyage t> Australia 
be round the Cape 0° Good Hope and thence eastward, and 
the homewirl vovaze castward iound Cape Hoin the 
globe bems thus circumnavigated by the double voyage 
That the cenual drift of these winds 1» mwaids upon the 
south jole 1s strongly attested by the existence of the 
cnormously thick wall of we which cngirdles the ¢ 1ezi0ns, 
from which are constantly | rcaking away the mnumerable 
icebergs that co er the Southern Occan none of which 1s 
ever seen of © calculated thichne less than 1400 feet 
The snow anliuntall which mu t tthe place in the south 
polar regions for the tormation of xwebergs of such a 
thickness must he j ecuhaily heavy Tut not heavier than 
mizht be exp ctel fron the strength ond degree of satura 
tion of the ‘ioarm_ futics which uncrasingly precn itate 
their moisture over these rezions 

To sum uj — 0 far as the prevuling wn ls are con 
ceined it has been shown that where jressuie ls lnh that 
1s to say whore there exists a surplus of an cnt of such 
a region winds blow in all directions and cn the other 
han] where pressure 15 low or where there is 4 deficiency 
of air towards such a region winds blow from ill directions 
m an m moving spiral course = This outflow cf 1 currents 
from a region ot gh pressure upon 2 i¢szion cf low pres 
sure 13 reducible to a single principle viz the principle of 
gravitation Given as observed facts the liffercnces of 
pressure it 15 etsy to state with a cle ¢ ay] roxmation to 
aecuracy what are the prevailing winds befcre calculating 
the averages fio1: the wind observation — Indce 1 so pre 
dominatin, 15 the influer ce of 21avitation whee diffcrences 
of pressure however} 1oduced cxist that it may practically 
be regarded as the sole force immcdiitcly con emed in 
causing the movements of the atmosphcre [1 there be 
any other force or forces that set the winds in motion 
independently of the forcc called into plav by differences of 
mass or pressure the 1ifluence must} to .cther nag 
nificant as compared with gravitation 

It has been abundantly proved thit the wind does not 
blow directly from the resion of high towards that of low 
pressure Lut that in the northern hemisphere the rezion df 
lowest pressure 15 to thi left of the direction towards which 
the w.nd blows, and in the southern henusphere to the 
right of 1t This direction of the prevailing wind with 
reference to the pressure 15 in strict accordance with Buys 
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Ballot s Law of the Winds, which my be thus expressed — 
the wind neither blows round the centre of lowest pressure 
°1n circles, or as tangents to the concentric isobaric curves 
,of storms or cyclones, nor does 1t blow directly towards the 
centre but 1t takes a direction termediate, approaching, 
‘however, more nearly to the direction and course of the 
farcular curves than of the radu to the centre The angle 
; bormed by a line drawn to the centre of lowest pressure 
rom the observers position and a line drawn in the direc 
ion of the wind 1s not a right angle, but an angle of from 

00 to 80 

From its importance in practical meteorology Buys 
Ballots law may be stated in these two convenient forms 
(1) Stand with your back to the wind and the centre of 
the depression or the place where the barometer 1s lowest 
will be to your left in the northern hemisj here and to 
your right in the southern hen& phere Thus 1s the 1ule 
for sailors by which they are guided to steer with refer 
ence to storms (2) Stand with the high Larometer to 
your rizht and the low barometer to jour left aid the 
wind will blow on your back these positions in the southern 
hemisphere bemg reversed It 15 mn this form chat the 
prevailing winds of any part of the globe may be worked 
out from the isobaric charts (figs 14 and 17) 

Yrom the all important consequences which flow from the 
geographical distrib ition of the pressuie 1t 1s e 1dcnt that 
the regions of low and of In.h normal ;1essme must be 
regarded as the urue poles of the prevailirg win ts on the 
earth s surface towards which and from which the reat 
movements of the atmosphere proceed rom the unequal 
distribation of land and water and their differcnt 1elations 
to solar and terrestrial radiation, 1 follows that the poles 
of pressure and of atmospheric movements are just as 
happens with respect to the poles of temperature very far 
from being coincident with the north yole Thus dung 
the winter months the regions to which the origin of the 
great prevailing winds of the northern hemisphere are to 
be referred are Central Asia the region of the Rocky 
Mountains ana the horse latitudes of the Atlantic and 
the regions towards and in upon wluch they flow are the 
low pressure systems in the north of the Atlantic and 
Pacific Oceans and the tract of low pressure within the 
tropics towards which the tradewinds blow In the 
summer munths the reversed conditions of piressure-distni 
bution then observed are attended with correspondm,, 
changes in the prevailing winds and generally speakin. 
tf the south polar region be excepted the poles of highest 
and lowest pressure and atmospheric movements are at no 
time coincident with the north pole It 1s this considera 
tion which affords the true eaplanation why prevailing 
winds at so large a proportion of stations in the noithern 
hemisphere do not blow m the directions in which true 
equatorial and polar wid» should blow 

The causes which bring about an unequal distribution of 
the mass of the earths atmosphere we mainly these two— 
the temperature and the moisture of the atmosphere con 
sidered with respect to the geographical distiibution of 
land and water Owing to the very different relations of 
land and water to temperature as already stated the 
summer temperature of continents greatly exceeds that of 
the ocean in the same latitudes Hence the al normally 
high temperature which prevails m the imtenor of Asia, 
Africa, America, and Austraha during then respective 
summers, 1n consequence of which the air becoming speci 
fically lighter ascends m enormous columns thousands of 
miles in diameter On arriving at the higher regions of 
the atmosphere 1t flows over neighbourng regions where 
the surface temperature 1s lower, and thus the atmospheric 
pressure of the highly heated regions 1» diminished 

Surface winds set in all round to take the place of the 
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air removed from the continents by these ascending 
currents, and since thesc necessarily are chiefly winds from 
the ocean they are highly charged with aqueou, +4] our, 
by the presence of which, and by the condensation cf the 
vapour into cloud and rain, the pressure over continent at 
this season is still further and very largely ¢iminisned 
Air charged with vapour 1s specifically lghtcr than when 
without the vapour in other words the micre vaj our 
any given quantity of atmospheric wr lay in it the less 
1s its specific gravity and further the con Icnsation 
of vapour in ascending air 1s the chit cat et the cooling 
effect bemg so much Icss than that whi h would be 
experienced by dry air From the +  -y rinciy les, 
which were established by Dalton Jcoue 1 S1 Wilham 
Thomson 1t follows that the j ressure of u, ur u tac alr, 
and its condensation exercise a , werfil iflucree in 
dimmishing the pressure The great ai tui] 1 g influences 
at work im the atmosphere are the forces ¢ Il d int } lay 
Ly its aqueous vapour and itis to these co oj eritin,, with 
the forces called into} lay by the diffcrences of tem} crature 
duectly that the low normal pressure m the conunents 
dur n,, the summer 15 tobe ascrtbed Thed _c t wluch 
the lowering of the pressure takes place » a wa to have 
been exy ected  reatest im Asia the laxcst ¢ n+ ient and 
least in \ustralia the smallest continent wh! in America 
It 1s mterme liate 
The influence ot the aqueous vajom n tn nshin, the 
pressure 15 wall seen in he elt of caln nthe tropics 
betwee 1 the north aid the wuth tradesinil Since these 
winl ir ort into the }clt of calms the +1; u they have 
taken uj fiom the sea on their way tlithe: ce climate 15 
chuacterized by 1 highly saturated atmoyy! ce ni heary 
ruis {gain the ai im 1e,ions near the (vantc onteims 
much more vapou and ts of a bigher tei ye at r curing 
winter than 1s observed at places in the 1 cir ct ern 
tincnts in the same latitud s It follcw thu th t the air 
ver the north of the Atlantic anil +l 1emion a ljcimin, 1s 
specifically ijhte: than in the re,ions whi h smround 
then We have heie therefore the physca conditions of 
an ascending cument and iti plain that th  tiength of 
thi curicnt will not meiely Le ke} t up tut incre ed by 
the condensations of the vapour int cl ud and rain which 
take place within it by which a bi_hei tem ciatuic and a 
greater specific hghtness are maintamed at the urfice of 
the earth and at various heizhts m the atmosphere than 
exist ovel surrounding 1egions at the ame hehts 
Accordingly 1t 1s seen fiom the winte obar that an 
enormous liminution of pressure occts ovei the Lrg Ds, 
and also over the north of the Pacific ani the \ntirctic, 
as compared with the continent~ 


Since on the other hand, drv aid erallan ss cerfrally 
heavy the winter isobais show that whee my erature 18 
low and the air very drv pres ures dn bh Ot this Asia 


and North America aic stuiking example tui — December, 
January and February and Austrila south Atiica and 
South Ameziea durmg June July ml Aucrt 

Since v4 ¢ volumes of an are thus prwcd it the region 
where pressme 1s low without icrewin, that }1essme and 
vast volumes flow out of the region where ye sure 1s neh 
without diminishinz that pressure it necessarily follos 
that the volumes of an jouied into the rejon ct Icw 
normal pressure do not accumulate ove that rezion Tut 
must somehow evcape away ito other ie .10n and thit 
the volumes of an which flow out from the icgion ot li.h 
normal pres ure must have thun place suzy lied 1 tresh 
accessions of air poured im from above Tat the same 
law of relation observed Letwren sealivel pie wits and 
surface winds obtains between pressures it different heights 
and vinds at the same hehts 1» sim!) a necessary 
{| mference We are therefore justified in expecting that 
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ascending currents will continue their ascent till a height 
1s attumed at which the picssure of the air composing the 
currents cquals or just falls short of the pressure over the 
surrounding re_ons at that high level On reaching this 
heizht the ur, no longer bnoved up by 2 greater specific 
levity thin thit of the smiounding air, will cease to 
ascend, and expanding honzontally will thenceforth flow 
over 18 9n upper current towards those rezions which offer 
the least resistance to its couse that 1 to say, it will 
flow ove upon those regions wh 1, vt that height, pressue 
happens at the time to be least ‘ow fiom the known 
dunsities of air of diffaacnt temneratures and humidities it 
15 evident that the ovcaiflow of the upper current will take 
place towards and over that 1¢20n 01 rezions the au of 
which in the lower stiata of the atmosphere happens to be 
colder and dic. than tat of the other sumounding 
regions —bec use, being denser, a greater miss of ur is 
condensed or vthuicl to,ethe: m the lowui strata of the 
itmospherc, thus le wing vless mass of a or » diminished 
pre sure, m the highcr resion ot the upper current 

It this he so, then the extriordinaily Ingh picssure of 
Centril (si. dwin., winter 1s to be ascubed to these two 
eouscs (1) the low tem) crature and excessive dryness of 
the aw cf ths cvtensive acgion and (2) its relative 
proxuumuity t tn Icw yncssure of the Atlantic to the north 
wet the] vyie sue of the Piitic to the north cist and 
the low ji sure of the belt of calms to the south 
Sunila ly, siice in summer the temperature of an icsting 
ovi the Atlantn between After and the United States 1 
much lower than thet ot the land, the asccndms cuncuts 
which wise fr m the heated lands of Aticy Puioj¢, and 
North ind S uth Amerea as well as trom the 1e,10n of 
calms 1m ne hatuly ty the outh wlof which ae remuk 
abl fialw ooumalyr me, vill on 1 aching the uj} e1 
resions (f the itmo ph re flow towards this jait of the 
Atlante D cime thie the temperitue being lower and 
th denity ft the ur cm osm. the lower strita } ein, 
greitur pies ure mth wu 2 reoion is less And, since 
th sulace win ue cn tinth flowins cutwads from 
this respon of Unrm iy Inch yresu thus diaming 
away th ama, wm li way nit ly the upp currents 
Which conver, voit exieme setnritier dees not take 
ploo andthe it 1 pathy a relatively dy inter | 
Lhat this view 2 oat Wy gic cuts the m= cments cf the 


Uj] rciircnts | thn hk ofirnaclvitnn che! ¢ 
fewvoar dy ti 1 Taill brand 1 onl (i ment Ly 
mthurieerhn nt t} 4 111 the imo q here 
Tas Lenelsu the a ful 

From thse. lin at ny c lil d that the 
vanl wh byresalire t t! ue known 
fiom the 1 obar din dircthau ft the winl ber 


from cans wl or yt Ih t vari od acs wha 
iisdwyimacriane woh Buy JFultsliw a lth t 
the ypu cuients 11 y demu cl fr intl 1 tame ln 5 
tiken revarnely toreth r vitn th 1 thermal lincs taken 
dnecth, Inctha wads the reotn + 1] west pre ure, 
with than v¢ ndinz crarcuts and rel tively hicher pre stac 
at rei hoch os com, uel with wiroundmeg 1¢.1 ns, 
point ont th sures or fountuus tom wach th 1ypyer 
currcnts flay ind th th imils }y hewn, whr cn 
account of the 1 ditively low tempaiture th rata 
miss of the ara oc nersed in the lowe str ta cf the 
atmos here and sci level pressure cense quently is huh, 
thus dimmishing the ]ressure of the we pcr rejions pcunt 
out the re,cns towarls and upom viuch these wpyer 
curre 1ts of the atmosphere flew = The facts ot the diurnal 
oscillations of the baromctcr m the different regions 
already discussed afford the strongest corroboration ot these 
“ews 

Fhe term “monsoon” has long heen anplied to the pre 
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vailing winds in southern Asia which blow approximately 
from SW from April to October, and from NE from 
November to 4pril The term 1s now, however, generally 
applied to those winds connected with continents which 
are of seasonal occurrence, or which occur regularly with 
the periodical return of the season Since they are caused 
immediately by the different temperatures and pressures 
which form maiked features of the climates of continents 
in winter and summer respectively, they are most fully 
developed round the coast of Asia, owing to the great 
extent of that continent The monsoons of different parts 
of the coasts of Asia differ widely in direction from each 
other Thus in winter and summer respectively they are 
WNW and ENE at the mouth of the Amur, N and 
SSE at Shangha, NE and SW at Rangoon, N and 
WSW at Bombay, NW and SW at Jerusalom, and 
SSW and NNE at o\rchangel The Indian winter 
monsoon generally begins to break up mn March, but it 1s 
not till about the middle of May, when the normal pres 
sure has been decidedly diminished over the heated 
interior, that the summcr monsoon acquunes its full strenzth 
and the heavy monsoonal rains fairly set m In October, 
when the temperature has fallen considerably and with 
the tallg temperature the pressure of the inter1o1 has risen, 
the summe1 monsoon bezins to beak up, and this season 
1s mukel by sauable winds, calms, and destructive 
huiicanes As the temperature continues to fall and 
jicsstme t) ruse the winter monsoon gain resumes its 
swis Monsoon, equilly with the trade winds, play a 
m st mpcitint put mthe economy of the globe The 
relativuy creat force ind stead ness in the direction m 
which thcy blow ind the petiodicil chinge in then direc 
tion, give facility of mteic wise between different counties , 
and, besides, }5 thei untill they bring they spread fertility 
over extensive iczicns Which ctherwise would be barren 
wastes 

The winds of Australia are also stiitly monsoonal, but 
owins to the small extcnt of thit continent, and conse 
quently the maller diffeicnces there are between the 
normal pressure of the tenor and thit of the suriounding 
coasts in summer and winter respectively, they are less 
strongly m iked thin re the nonsoons of southan Asia, 
anl particulaly they nether }low with the same force nor 
so steadily trom the sume point of the compass tour the 
same reawcn the \ustialian climates are characterized Ty 
tle occurence of more frequent dioa.hts than are the 
climates of southan Asia and the ume remark ay phes to 
th clin ites ot southan Africa 

Since the Malay achipeligo lcs dung the summer of 
th northern hemisyhere between the high pressue of 
ccntial Lustrilia and the Iew pressure of Asia, and durmg 
the winter between the high pressure of (sia and the low 
jicssure of central Australia, 1t follows that the winds of 
these islands ue eminently monsoonal in thar chiracter, 
} ing in summer southerly and in wintcr nertherly Lhe 
sult of this pecuhar wind system of the archipelago 1 to 
ave to these islands a singular diversity of clim ites, which 
will be more particularly referred to under rainf ll 

At Zan ibar the prevailing wind in July 15 ST, but in 
January, when the low pressure of the mtcrior 19 situated 
much farthcr to southward, it 1s NE and the same 
influence 15 felt, though in a greatly modified degree, as 
fir as Mauritius, where the SL trade changes nearly mto 
E durng the summa On _ the other side of Africa the 
SL trade of the South Atlantic 1s changed into a 8 W 
inonsoon on the coast of the Gulf of Guinca . 

In the southern, central, western, and northern regions 
of North America the prevailing winds have a well marked 
monsoonal character The prevailing winds of winter and 
summer respectively are NE and SSE at New Orleans, 
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NW. and SW im Utah, N and § at Fort Yuma 
(Calhiforma), ESE and N W at Portland (Oregon), and 
S and ENE at Fort York, Hudson Bay These winds 
are readily accounted for by the distribution of pressure 
over the continent in winter andsummer On the Atlantic 
seaboard of the United States the prevailing winds of 
winter vary from N W im the New England States to W ! 
in South Carolina , wheicas in summer they vary zenerally 
from SS W im South Caiolina to S W in the New Eng 
land Stats Hence over the castern Statcs the summer 
winds are not duucted towards the low pressuae region of | 
the interior of the continent, but are deteimined by the 
relations of their pressure to the lngh pressure of the 
Atlantic to the eastward, and to the lowe: pressure over 
spreading the Atlantic to the NI This influence of the 
Atlantic may be considered as felt westward through the 
Stites as far as the Mississippie 

Though not so decidedly marked, the winds of Curope, 
except the extreme south, ue also monsoonal In winta 
ébcy flow from the land towards the region of low pressure 
in the north of the Atlintc, but in suinmu the arrows, 
representing the prevailing winds, show that all but the ex 
treme south of Europe is swept by westaly wands, which flow 
ima vast continuous sticim from the Atlantic towards tle 
central regions of the Old Coutiment, and which dey ost im 
thur course the runs they hive brought from the oce in 

Similarly, mon vons prevul on the coasts of Briz, 
Peru, North Africa, and many other i ctons which hay pun 
to he between othu regions who ec tempuratnies, and 
therefore pressurcs, diffu mukeully from cach othu at 
different times of the year 

Thesc aie the chict prevail. winds of the globe when 
the diffurcnces of the nomial atmosphuiie pressure are such 
as to caus a decidcd and steady movement of the atiio 
sphere over a large portion of the caith s surface, resulting 
in wellmuked prcvaihns winds But thue are othu 
winds which are greatly influcnced by local ciuses, such as 
the natue of the ground, whethc covucd with vegctation 
or baie, the physical configuration of the surface, whether 
level or mountainous, and the vicinity of eatensive shects 
of fiesh or salt water An important chiractelstic of 
winds m then practical relations to climate is theu 
quality,—they being waiin o1 cold, dry or moist, according 
to then d rection and the nature of the caiths surface 
over which they have just passed Thus in the northan 
hemisphere southe:l} winds are waim and moist, while 
northerly winds are cold and dij} In Lurope south 
westerly winds are moist and easterly winds diy, while in 
the New England Status and Canada north castuly winds 
are cold and raw and north westerly winds cold and diy 

In particular regions certain mctcorological conditions 
occur at stated seasons intcnsifyimy these effucts, resulting 
m excessive drought, hvavy rams, mtenst 01 gieat heat, 
thus giving rise to the following among other well huown 
winds The east winds of the British Islands occur chiefly 
in spring, but also m a less degice im Novembu, being in 
the latter case often accompanied with fog The winds 
here referred to are dry and parchinz, and their deleterious 
influence on the health 1s seen, not mercly in the discomfort 
and uneasiness they impart to the less robust of the popu 
lation, but also im the largely mcreased mortality which 
they cause from consumption and all other diseases more 
or less connected with the nervous system In the | 
countries bordering on the north of the Atlantic, atmo | 
spheric pressure reaches the annual maximum m May, and 
it 1s above the average during the other two sping months | 
In these months the normal pressure approaches nearer to 
what obtains farther south, and an examination of daily 
weather maps shows that this 1s due to the repeated 
occurrence in spring of very high pressures in the north of } 
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Europe while pressures much lower prevail to southward 
Now these cast winds are simply the outflow fiom these 
resions of hizh pressure to northward = Northerly and even 
westerly winds which aie truly outflows from what mey be 
styled Arctic anticyclonic aieas bring with th m qualitics as 
nor1ous as those ot the cast wind itself, and prove as mur 
ous to health and vegetation ‘The cold diy wind of Ayal 
29, 1868, which blasted and shiivelled up vesetation in Scot 
land, particularly m the western countics, as effectually as 
uf ascorching fc had passed across them, was a west wind 


In the south of Luroy = lung the winter anil carl syring, 
peculiarly diy, cold, and violent u ithely winds ar of o¢ asionat 
oceuncnee = Of_s these wins tl =o tral $s one cf the riost 
notonlous which 1s i steady viclent and cold n itl west wind 
blowin, from cential and cast in Fiarce down on th Gulf of 
Lyons It 15 particulary tryu yg while it lasts te nvali!s v0 ae 
spending the want. at the vai us popula suatiia v hich are 
scattacd along this part of th Mehtain mco t Jb pieat 
coll that too’ placum tne north cf Italy vo 1s uth cf Liga om 
the b ,mming of lsts was a gocl cxunp e f th aisail The 
mete rol al con itions unda Wichat) ow twice un tus 
Iwy cw oath VMeltaran ant southwa (Jf 00 le , 
Whil tat th stm time pressure rose st rly unl rapitly ca y 
© ine nw oithwarl to 00 JUo ches in the noith of hu sia Lion 
thr. staplaeal lstuluti u fthe pressure northaly win 4 yt 
su avaltsove Purp cartying with them the low tamy ra vie 
of th Taijlu dattules anlde ame stil colle: midna onde iy 
tl Alps) tor thevmal th J] utentheslorscfthe We iter 
rina =D) LT tampestuciswir aus whi hl cent fi mth Julian 
Vjpoailswo yoo ath Alia 1 mith drakd casi cf 
Maoawlilia el dle itl Viil al meth cbaricter 
mtlomin owt uallut th rita 
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Lwathimusult tho owl: ith a 
t tha with aqiest eval hint 
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cul im the wake of as om then au 
din ulvila il] 
tem erature of upwiurls of 6) cyye rn d as the stan 
the thermometer rapidly falls te WS orevar bowed 
temy cature often cccuts With i wiul b’ win, with <7 at vi lem ¢ 
the n ithasyicve most Tite uo A violent wind with a tem 
perituie of 18 ay altogether unl nown in the Lit 1} Islan 

The  yampord isastion, by coll wiilwii hb ows a icss the 
poe River Platecf South (meter o win zat all x asons, 

ut most fi juently curme the sy1ing and summer ficm Octeler to 
Vanuary = They are pre Cle 1 Ly castals wan ls a falling pie sure 
a using tumperatare aul metcascd moisture LL pamperc is i 
sailel by Di D Christison and its appeatimee ficure? om the 
Jou nal of the Se flish U tevrclugual Suit vol vy 3429 Ou 
alyancng on the momimg of Novembl 1 28 1867 im ccntral 
Uruguay In the carly mommm, the wind Wew rather str ms 
from nutheast anl by inl ty douls wae seem mesing vey 
Slowly from the west thiowine cut lon, steam castwads A 
they advancel two dense and pertectl rezuhia cowl misses 
appcarcd in fiunt one Lehind the other m chse contact vet net 
intamimsling —the onc bemg of a umform leaden ziey whale tle 
other was as blick as the snoke of aeteanicr On aia, cover 
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quite straight mn its ge 

licadth ‘They rushed forw ad at giat spe t unter the otner 
clouds without uniting with them preserva, tha tous unbrchen 
bung botne onward by an appacntly niesastitle ture as at com 
poxed of some sohd maternal rather thin vapour They extende I 
probably 50 miles im length but as they rook only a few minutes 
to pass then bicadth was not great ani they appeared to dim wh 
to mere hnesm the distant houzon At the mmstint the fst cl al 
band a1nved overheal the winl chopped round f1¢m north east +t 
noith and then to south west 1 stronz coll blast at the same ti ¢ 
secmcd to fall fiom the leaden cloud and continued to blew nll 
both bands had passed No 121m o1 thunder occuiied at this trme 
but m the confused rabble of clouds which followet low thun le 
continued to roll, and in a quarter ot an hour run tell and ter some 
hours thereafte: wind 1ain and thunder ccntmucd but only to a 
moderate degiec The low temperature an] nsinz buomete and 
change of wind ue the constant and most striking chaacteristics 
of the pampero On one occasion the temperature fell 44° m four 
teen hours, and on another ouasion the fall wis only 4° Rain w 
@ usual accompinimcent, but on raze occasions the pampero passes off 
and no rain falls 


Ravatall —Whatcver tends to lowe the temperature of 
the air bulow the dew point isa cause of iain ‘It 18 there 
fore to the winds we must chicfly look for an eaplanation 
of the 1ainfall und the broad principles of the connexion 
maj be tated to be these five — (1) when the winds have 
previcusly t uo icd a considerable catent of ocean, the 
rainfiul1s mole itely large (2) 1f the winds advance at 
the same dam aimto cclda icgions, the rainfall is largely 
incteascd Tuc use the temperature 15 sooner reduced below 
the pomt of satmation (3) if the winds, though arnving 
ficin the ccuim hive not traversed a consideral Ic extent of 
it the runtill is not lage, (4) 1f the winds, even though 
having trarcised a larze catent of occan, yet on arriving 
at the land }1:0cccd mto lower latitudes or regions markedly 
wumer the runtall 15 small or ml, (5) if a 1ange of 
mountains ls across the onwaid path of the winds, the 
rainfall 1s lizzcly meicased on the side facing the winds, 
and reducd o — the rcgions on the other side of the 
range ‘I! 11 om heres that, the air on the windward 
side of the ale being suddenly raised to a greater 
height in ctus-ing the range, the temperature 1s further 
reduced by mut expansion, and a more copious precipita 
tion 15 the 1-ult whereas on the leewaid side as the air 
descends to lower levels it becomes gradually drier, and 
accordingly the rainfall rapidly diminishes with the 
desc cut 


Wohi 1 awn att ntion to the dmunished vclocity of the wind 
ova Jant is nyarel with the open sea (p 125) From tins it 
follow t: 1cuvelcpe of stile: an or air of css velocity than 
that of tie plevulimye wind broods over the land and by its 
proocnice for es the picvailing wind toa greater heyht, thus tending 
toimueteth rurtall If the foreshore rises within a few miles 
toa hught cf 00 c1 d00 fuct the result is vary stithing when the 
wind flon { ce ll ws straight upon it Thus it Spittal, n at 
Buwich on sept mle 1877,a NE wind blew stiaght ashore at 
an estinitel y io ity cf 25 miles an hom 
wis sinzulaily lear down tothe horizon, Lut to westward all the 
countty } yt aril fiom the shote wos cnvelcped im what 
appearcl ardens mist (2 fos  Alout 1e° to eastward of the zenith 
ofan cls iver mth snc the thinn st rack of clou lets was seen 
emusin, With ut it ris ron from the deep stainless bluc of the 
shy whihast y lift [Jan lw ud incicased s0 14) Idly mm volume 
anidenuoity that the 2 mth was thice fourths covere 1 with clouds 
A sumiln prere neuon was seen in Scptember 1879 on boar i the 
Qikn vam at th magmiiucnt cliff of Hoy Island Orkney 
Aieavy taumhal yust Paidlaway anlastiong WNW wind 
was blowin, aht wams the chif Tbe shy was al solutely cloud 
eos allacund ex eptth upp 1 300 fect of Hoy Hill 1070 fect high, 
Which wis cuvcir y Lamath kh mot that stretche lawas to wind 
wall sum Visan t westward cf the steamers course wiih 
Wis about 2m] tr mdind = The westun termmuaticn of the 
(lout was the tint > 1ach of cloud which emerged unce isin ]y 
fiom th bluc sly 4 distance not Icss than 4 miles to wind 
ward cf the cliff Lh constituent puts of th cloud itsclf were in 
1apid motion ¢istwarl but owmg to the fresh accessions it was 
constantly recaving the cloul itself ap pcuied stationary = Ihns 
the wink woistoice lL upwardainto the atmos) hue fol ome consider 
able distance to win wud of th ide lying iross its 7 ath 

Tt i> this diaznng cflect cf the laud on the win] an] the con 
sequences Which icstt from it that cvj)un how itis that dung 
storms of wind and ain fiom the north «1 t th rainfall ever the 
foreshorcs of the Fu hot Forth, the Vorav Enth and the Pentlin! 
Ruth looking te he uorth cast 1s 30 much in cx oy i comy ued 
with there tefS  Jand = The same prnupk expla ns the he tvs 
wunfall ii tla s some distance from the rin ge of lulls lying 
@l€ss | wul yatn mlon the ade of the run bimgmys winds 


Tor short inturs us of tyme the heaviest ramfalls occur 
with tornadves w tess) outs, and some other forms of the 
Whulwind the icason bemg that not only 1s there rapid 
expansion due to the rapid sscent of the air, but also yicat 
rarefaction 15 produced by the eatreme velocity of the 
aeilal gylations 1ound the axis of the tornado On Auzust 
I, 1646, 312 mchcs of ram fell at Camberwell, London, 
in two hours and seventeen mimutes Of heavy talls 
may be mentioned 460 mches in London, Apml 13, 


1878, 600 inches at Tongue, September 7, 1870, 5 36 | 


inches in Monmouthshire, July 14, 1875, 662 inches at 
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Seathwaite, Cumberland, November 27, 1848, and 7°12 
inches at Drishaig, Argyllshire, December 7 to 8, 1863 
But 1t 18 m lower latitudes that the heaviest sgle showers 
have been recorded. The followmg are among the most 
remarkable .—at Joyeuse, France, 31 17 inches in twenty- 
two hours, at Genoa, 30 00 inches in twenty four houts, at 
Gibraltar, 33 0Oinches 1n twenty six hours, onthe hills above 
Bombay, 2400 inches in one night, and on the Khasi 
Hills, India, 30 00 inches on each of five successive days 
As regards the ocean, there are no available data from 
which an estimate could be formed as to the amount 
of the rainfall, since the rainfall statistics of the ocean 
must be regarded as giving hardly anythmg moie than 
the comparative frequency of the fall It 1s, however, 
certain that the equatorial belt of calms in the Atlantic 
and Pacific between the trades 1s the region where thc ocean 
rainfall reaches the maxynum, and the parts of these 
occans are the raimiest which are the longest within the 
belt of calms as it shifts its position northward and south- 
waid with season While the cloud screen 1 undoubtedly. 
dense, and the rainfall frequent and heavy, the careful 
observations of the “Challenger” and “Novara” show 
that the statements generally made as to these points ale 


| greatly exaggerated 


In the regions of the trades the rainfall is everywhere 
small over the open sea, seeing that the trade winds are 
essentially an outflow from anticyclonic regions, and then 
original dryness 1s to a large extent maimtained because 
their course 1s directed into regions which become coun 
stantly warmer Thus at Ascension, lat 6°45 S, which 
is throughout the whole year within the SE trades, the 
mean rainfall for the two years 1654-5) was only $5) 
inches At St Helena, which hes constantly with the 
sume trades, five years give a mean rainfall of 5 36 inches 
ou the coast , but in the same island at a height of 1768 
feet the annual amount mses to 2398 inches Malden 
Island and some other islands in the Pacific, about long 
150° W, and for some distauce on each side of the equator, 
have been pointed to by Scott as practically almost rain 
less, as 18 shown by then containing extensive guano 
deposits These islands aie situated somewhat simulaily 
to Ascension with respect to the zone of calms In 
Mauritius the annual rainfall on a mean of fowl years 
was 30 inches at Gros Caillous, but at Cluny, only 16 
miles distant, for the same four yeais 1t was 146 inches 
in regard to which Meldium remarks that at Cluny, which 
1s in the vicinity of mountains and forests, in the south 
east of the island, and thus directly exposed to the trade 
wind as 1t arrives from the sea, the rainfall in almost any 
month i» from four to sia times greater than at (nos 
Cailloua on the north west coast, where neither mountam 
nor forest exists, and where the SE trade atzlvin con 
siderably drained of it» moisture 

From what has been said 1t 1s evident that the heavicst 
rains will be brought by the winds which have traversed 
the greatest extent of ocean within the tropics, and whuh 
accordingly of all ocean winds have the highcst temperature 
and humidity These conditions arc most completely 
fulfilled durmg the summer months of the northern 
hemisphere by the winds which, commencing from neu 
lat 30° S, blow home on southern Asia as the well known 
SW monsoon of these regions Accordingly 1t 15 by the 
winds of this monsoon that a larger rainfall 15 distarbutcd 
over a larger portion of the eaith’s surface than occurs 


, anywhere else m1 any season, and this large 1ainfall 1 


im many regions still farther greatly increased by the 
mountain ranges which he across the path of the ram 
bringing winds 

It 1s on these winds that the rainfall of India cluefly 
depends Along the whole of the west coast from the 
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Gulf of Cambay southward, and on the Western Ghats, 
the rainfall 1s excessive The followmg are some of the 
more interesting annual means in inches beginning with 
Bombay and proceeding southwards —Bombay, 74, 
Matherain, 247, Mahabaleshwai, 252, Ratnagin, 104, 
Baura, 255, Goa, 102, Karwar, 115, Honawar, 139, 
Mangalore, 134, Cannanore, 132, Calicut, 116, and 
Cochin, 114 In the west of Ceylon the rainfall 1s also 
heavy, bemg at Colombo 87, at Galle 91, and at 
Ratnapura, at some distance inland among the hills, 149 
Since the SW monsoon is diained of much of its 
moisture im crossing these mountains, a greatly dimimished 
rainfall 1s distributed over the interior and east side of 
India, and on the eastern slopes of Ceylon 

If now we cross to the eastern shores of the Bay of 
Bengal, we again encounter an excessive rainfall along these 
coasts and up the slopes of the mountains looking down on 
them Thus from south northward the following aie 
among the mote characteristic ramfall, im mches — 
Nancowly, 102, Port Blair, 116, Mergm, 152, Tavoy, 
496, Maulmain, 189, Rangoon, 100, Bassein, 9d, 
Sandoway, 212, Akyab, 198, and Chittagong 104 On 
the othe: hand, at Thyetmio, inland on the Irawadi, the 
annual rainfall 15 only 48 inches 

We have shown how, im accordance with the peculia 
distribution of pressure in India in summer, the monsoon 
is divcited up the vallcy of the Ganges as an LSD wind, 
distiibuting on its way, cven to the head of the valley, in 
a gercious 14nfall the moisture 1t has brought from the 
Indian Ovcan and the Bay of Bengal The rainfall does 
not extend farther westwird than the basin of the Gaages, 
and the precipitation 1s most copious along the lowe: 
Himalayas, the largest falls bemyg recorded at heizhts 
about 4000 feet,—bcing, as pointed out by Hill, near the 
level at which the summer monsoon 1s cooled just below 
ity dew point The following are some of the larger rain 
falls in inches, beginning with the more western —\[us 
sooree, 95, Naim Tal, 92, Khatmandu, 57, Darplng, 
121 kurscong, 154, Buaa, 219, Kuch Behar, 131 

Thc rainfall 1s very large in the north east angle of the 
Bay of Benal and thence northward» towards Bhutan, or 
at the angle where the summe1 monsoon from the bay 
curves round to a westerly course on it» way up the 
Ganges Thus at Noakhally, on the coast, 1t amounts in 
inchcs to 109, at Tura, on the Brahmaputra, immediately 
to west of the Garo Hills, 129, at Suchar and Sylhet to 
eastward, 117 and 155, whilst at Chemapunyi, on the 
Khasi Hills, it rises to 493 19 inches on a mean of twenty 
four years This last rainfall is the largest known on the 
globe, the causes of which are the highly saturited stite 
of the monsoon on its arrival at the lowe: Ganges, the 
high mountain range of Burmah to castward of Bengal, 
which turns the monsoon to the north, and the }notiusion 
westwards of the Khasi and Garo Hulls s0 as to he in the 
hne of that branch of the monsoon which passts trom the 
lower Cangcs into the basin of the Biahmaputia above 


Goalpara The consequcnce is that the highly situated 


air of the monsoon 1m its passage acioss the Khasi Hills is 
suddenly 1aised tu a height of about 6000 feet, and bung 
thereby reduced fai below the point of saturation the 
superabundant moisture 1s precipitated m unequalled 
deluges of rain The amount of the annui infall at all 
these places 1s determined, essentially if not altogether, by 
the rains of the summer monsoon, the relative intensity of 
which over India may be taken to be fauly 1 presented by 
the rainfall of July 

The rains which accompany the NIE monsoon of the 
winter months may be represented by the rainfall for 
January These are heaviest in Ceylon, especially on it» 
east slopes, and in southern India, or where the NE 
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monsoon arrives after having traversed a large extent of 
ocean ‘The fall for the month exceeds 6 inches over a 
large portion of the east coast, whilst at Colombo in the 
west the rainfall is only half that amount, and farthe noith 
at Pattalum the January rainfall 1s only 182 mches In 
southern India the amount varies from about 1 to 2 inches 
Blanford pointed out in 1673 (Phil Trans, vol chuv p 
618) that, while the surtace winds of northern India in win 
te. are northerly, on the Himalayas, especially the north 
west portion, southerly winds prevail during the cold month» 
It 15 these upper southe1l; winds which bring the winter 
rains to the Punjab, Upper India, and the highlands of 
Assam Its further to be noted that winter rains also 
occur in Central India, whcre the prevailing surface winds 
are from east and north east The mean rainfall of January 
at Mussooree 1s 2 00 inches and at Naim Tal 2 56 inches, 
and in Assam, at Sibsagar, 113 mch Over a large tract 
of the east side of southern India from Nelore southward, 
including Ceylon, the maximum rainfall for the year occurs 
in the months of October and November 


hainfull of the Malay Aichyelayo and Austraiia —Under the 
direction of the late Dr Bergsma, systematic obsersations of the 
runfall of the Malay archipelago woe begun in 1879, the number 
of stations bung 1.0 The results of the fist threc years show that 
the mean annuil runfall ove: the arehapclazo varies from abuut 60 
inches mm Lime t» upwards of 200 1n hes at some spots among the 
western slopes of Sumatia But the most important feature im the 
1uufall im its1 lations to climate i not the atsolute amount that 
fills annually, Lut rather the manne: of its distribution thioush 
the months of the yeu Oxcr the greater numler of the wlands 
11m falls copiously every month fut asiesat ls some of the islands 
the veat 1s divide Ll into diy anl wet » awons as marked as are seen 
yn the chmatescfInda Lhe key to this essential differenc imon, 
tle climites is the distribution of atmosy hence pressure dur 2 the 
months of the vear from south castern A ia to Austialiy with the 
resulting prevailing winds = Diime the winter mon hs atu ¢sphie 1 
piesstie 1s high im south eitern Asia and low in the mun ¢ 
Austialia, the difference being alout thice quar curs of in 1ich 
Sin c between these two 1egions the fall m the mean pressures 


; Jiactically uninteriuy ted the Malay archipelago lying }etween 


' to 3 of inches at Alice Springs nea: the tropic of 


them is swept by nor huly winds (fig 14) As these winds hay 
traversed a great biealth of xean im them course they ariive ina 
highly satmated stat , int constquently deposit a coy lots ran fall 
particularly on tue northern slopes of the fiehe. wlanus Hence 
in these months the rainfall over the islands without exception 1s 
larg , the mean monthly amount being im many cases mor than 30 
inches These winds continue the course to sonthwaid towards the 
low pressure iegicn im th interorct Ltstialia and deposit dong the 
saith coasts of that continent 4 montuly 1ainfall m ing generally 
to from 14 to 20 ches) = On advancing into the interior, the mean 
amount zridually diminishes at the successive telegraphic siations 
Caunieore The 

amount of the runfall for any } aticula: year and the distance frum 
the coast to which the 1uns {cnetrte inlind, depend essentially o1 
the height of the winter picssure of south eastern Asia as comy att ! 
with the low mean pi ssute of cential Austiaha, by whici tle 
strensth of the noitherly monsoon 1s regulate | 

On the other hand durum. the summit of te northern benasy hee 
piessure is hizh im the mtenor of Austriha and low in Chim tle 
mean difference b ing about hilfan mch between the two regiors 
the fall in the mean pressure Is Continuous and uninteriupted an! 
aba conse yuence southerly winds picy ul over the mtervening aichi 
ers Thest winds, a they advan ¢ fr m the continent 2 sto lowes 

titudes, are absolutely rimless inthe north cf Austiaha ind ova 
Inmor and the other Malay whinds which are separated fiom 
Austiali only by acon paratively narrow Lelt of sea Daring the 
three vers no 2 un Whateve) delim Timon in July aad Aigust a | 
the fall in Junc, September, and Octoter wassmall is however 
the winds pursue the 1 course to northward they -,erly lick uy 
moisture from the sa so that ly the time theva rive at Ambo 
they have become vo siturited thit the monthly ramful there 1 
to neatly 30 inches = Aan at some distance to the west of P imc 
rain falls more or less 1 gululy every menth, the amount mete 
Ing In yroportion to the extent of oc in traversed Ly the SF 
win ls, which advanee towards these alands from the dirceti 
Austialia «These maiked ditterences among the climates of tl 
Maliy archipelago which, simce they redhy d pad cn the 
gr iphical distribution of lan ] and sea ot this part ot the globe, miust 
be regarded as permanent differences, have plaved uo inconspicuous 
part in the singular distribution of animal and vegetable life which 
charactenzcs the archipelago 
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May in Scotland north of the Grampians, June in Orkney, 
Shetland, Iceland, the west of Ireland, and the north-west 
of France, and July over the whole of the south of Europe 
The driest month occurs nowhere in Europe in any of the 
five months from August to December 


Ramfall of North Amerwca —West of the Rocky Mountains the 
rainfall 1s very unequally distributed, the annual amounts varying 
from 86 inches at Astoria, near the mouth of the Columbia river, 
to 8 inches at San Diego on the coast, and 3 mches at the head of 
the Gulf of California. Over the whole of the region bitween the 
Cascade and Rocky Mountains the rainfall at all seasons 1s extremely 
small, this bemg indeed that feature in the climate to which the 
formation of the cafions of that region 1s chiefly to be referred On 
the othe: hand, in the United States and Canada to east of long 100° 
W the distinguishing feature of the rainfall 1s the comparative 
equableness of its distribution, an annual runfall exceeding 50 
inches occurring only over restricted districts, and a rainfall as low 
as 20 inches being scarcely met with anywhere ‘The regions where 
the rainfall exceeds 50 inches are g’loiida, the lower basin of the 
Mississippi, and the Atlantic seaboards of Nova Scotia and New 
foundtond 

In January the annual maximum rainfall occurs over the whole 

@f the west coast fiom Sitka to lower Califormia, but im the 
interior between long 120° and 95° W_ the amount 18 everywhere 
small, and ove: a considerable pait in the south west of this region 
no rain falls The region of largest rainfall extends from Louisiana 
to West Virginia, where the mean varies from 4 to 6 inches Over 
nearly the whole of the Dominion of Canada, by much the greater 

rt of the winter precipitation 1s 10 the form of snow, which has 

Feet cirefully measured and recorded by the Meteorological Ser 
vice The average snowfall for January exceeds 30 inches at St 
Johns, Newfoundland, im Anticosti, Prince Ldward Island, and 
in many othe1 regions 

In July the rainfall 1s everywhere small in the west, a large 

part of this extensive 1egion being sbsolutely rainless ‘lhe 
remarkable dryness of the climate at this sason 1s due to the N W 
winds that set n towards the low pressure of the interior, which 
thus blow towards warmer regions The rainfall to the east of the 
Rocky Mountains 1s distributed by the winds which are connected 
with the low pressure region of the interior and with the high 
pressure region of the Atlantic The result 18 two regions of larger 
rainfall, the one in the south east of the States and the other to the 
west of the lakes The summer winds of the south eastern coasts are 
southerly, and as they are anticyclonic in their ongin and have in 
their course traversed some extent of ocean, they arrive well but not 
super saturated, and pour down a rainfall in July of 6 inches and 
upwards along the coasts and for some distance inland from Louis) 
ana to Chesapeake Bay Further, since in July these winds attain 
their maximum force and persistency, the rainfall at the same 
time reaches the maximum along the whole coast from Boston to 
some distance west of New Orleans Since the summer winds blow 


in the line of the Alleghany mountains and not across them, the . 
rainfall diminishes in ascending their slopes The comparative | 
equableness of the rainfall over the eastern States 1s the necessary | 


result of the winds passing into higher latitudes, and, therefore, 
cooler regions A broad region where the rainfall 1s less than on 
each side of it, extends from Michigan to the south west as far as 
Canadian River To the west of the lakes the rainfall mses above 
4 inches, and, since over this region the winds become somewhat 
easterly as they flow towards the low pressure area, it 1s probable 
that the large: rainfall of this praime region has its ongin m no 
small degree in the evaporation of the lakes On ascending the 
higher reaches of the papa ts the amount diminishes, but 
scarcely falls lower than 2 inches, being thus analogous to the 
summer rains of the Upper Ganges On crossing the water partin 
into the basin which drains into Hudson Bay, we encounter E an 
NE winds laden with vapour hcked up in their pa over Hud 
sons Bay, which they distribute in a generous rainfall of piobably 
8 to 5 inches over the msing colonies of Manitoba and Saskat 
chewan An important point in the climate of the States 1s that 
over neaily the whole of the extensive region stretching between 
Alleghanies and Rocky Mountaina, except the south coast already 
referred to, the annual maximum rainfall does not occur in summer 
but in spring, the month of largest rainfall in the great majority 
of cases being May In the basin of Hudsons Bay July 1s the 
month of largest rainfall 

Rainfall of Central and South Americ —The following are, in 
inches, the larger and more interesting annual rainfalls round the 
coasts —Vera Cruz, 182, Belize, 75, Maracaibo, 168, Caracas, 
155, Georgetown, 95, Paramaribo, 142, Cayenne, 140, Para, 71, 
Pernambuco, 109, Buenos Ayres, 34, Bahia Blanca, 19, Puerto 
Montt, 102, Valdivia, 109, Valparaiso, 100, Serena, 98, Lima, 
9, and a large part of Peru, mi A remarkable feature of the 
rainfall of South America 1s the large amounts that fall in the 
basins of the Ormaco and Amazon, the fall 1s 91 ches in the 
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upper basin of the Madeira, and 112 inches at Yquitos (lat 3° 40’ 
S, long 72° 57’ W) The reason 1s that this immense region, 
where pressure appears to be almost constantly low, 1s open to the 
highly sstrated winds that blow from the equatorial Atlantic. 
Quite different is the distnbution of the ramfall over the La 
Plata basin The annual falJs, in inches, are 92 at Joinville, 58 
at Corrientes, 44 at Monte Video, 36 at Parana, 24 at Santiago, 
22 at San Luis, and only 6 at Mendoza The fall rapidly mses in 
ascending the eastern slopes of the Brazil mountains facing the 
South Atlantic, thus, while the amount at Rio Janeiro 1s 45 
inches, on the hills to northward 1t 1s 116 mches 

In January northerly winds prevail on the south coasts of the 
Gulf of Mexico and the Carmbbean Sea, and as they have their 
origin in the high pressure of the American continent, and in 
crossing the sea pass into lower latitudes, the January rainfall of 
these coasts 1s comparatively small In July, howevcr, the prevail 
ing winds are easterly, and as they have traversed a large extent of 
the equatorial waters of the Atlantic they are highly saturated, 
and consequently the July rainfall of these coasts 1s ever) where 
very large The following are, in inches, the January and July 
rainfalls —Cazacas, 1 00 and 14 04, Guatemala, 0 28 and 1079, 
Vera Cruz, 510 and 3590 The seasonal distribution of the 
rainfall in the basin of the Amazon is the reverse of this In 
January the position of the belt of calms 1s about lat 3 N, and 
as pressure is relatively low over the basin of the Amazon, 
especially 1ts southern slopes, the trades and the west portion of 
the region of calms unitedly spread their highly saturated air over 
the whole region as far as the Andes, resulting 1m one of the most 
widespread heavy rainfalls anywhere to be met with On the 
other hand, since in July the belt of calms 1s about lat 10°N, 
the saturated atmosphere of the tropical regions no longer flows u 
the Amazon, but 1s carned westward into the Cambbean Seaand Gulf 
of Mexico Hence at this season the rainfall of the Amazon valley 
is small The followimg ate, in inches, the January and July 
falls —Para, 651 and 326, Manaos 7 33 and 1 82, upper 
Madeira, 15 90 and 0 30, and Yquitos, 10 24 and 426 On the 
La Plata in January pressure 1s low, and as winds eoieequel 
blow from the ocean in upon the region of low pressure the rainf 
18 large , but as pressure 1s high m the intenor in July the rainfall 
in that month is small The following are in inches the January 
and July rainfalls —Buenos Ayres, 237 and 170 Parana, 4 63 
and 1 32, Cornentes, 5 24 and 267, Joinville, 14 26 and 8 55, 
and San Luis, 2 63 and 0 00 

Rainfall of Africa —As regards the rainfall, Afmca presents the 
greatest diversity in its climates ‘Lhe following are the annuai 
amounts in inches at various pots on or near the coast —Port 
Said, 2, Alexandria, 8, Tunis, 12, Algiers 31, Oran, 17, Mogador, 
50, mouth of the Senegal 17, Goree, 21, Sierra Leone, 126, 
Christiansborg, 23, St Thomas, 40, Gaboon, 106, Loanda, 11; 
Cape Town, 23, Mossel Bay, 12 Port Elizabeth, 24, Durban, 43, 
Zanzibar, 58, and mouth of the Zambez1, 61 In the north of the 
continent, the rainfall rapidly diminishes inland, and over the great 
desert of Sahara practically none falls In the tenor of Algiers 
1t diminishes, the amount at Laghouat being 17 inches, and at 
Biskra 9 In Egypt the rainfall 1s limited to a narrow strip along 
the coast, at Cairo the annual fall scarcely amounts to an inch. 
The January and July rainfalls are, m imches, as follows —Port 
Said, 0 46 and 0 00, Alexandna, 1 95 and 0 20, Algiers, 4 43 and 
0 04, Biskra, 056 and 003, St Loms (Senegal), 0 28 and 3 00, 
Goree, 0 00 and 4 06, Sierra Leone, 0 69 and 24 20, Chnistiansborg, 
0 50 and 200, Katunga, 011 and 476, Gaboon, 9 35 and 0 48, 
Cape Town, 0 28 and 3 88, Durban, 5 00 and 170 Pretoria, 6 07 
and 071, and Zannbar, 202 and 235 At Zanzibar the heaviest 
rains occur about the equinows the mean for April being 14 55 
inches, and for October 6 80 inches 

In the case of this, as the other continents, the explanation of the 
different amounts 1s to be had in the seasonal changes of wind In 
the north the winter rains are to a vers large extent the accom- 
paniment of the Mediterranean storms of that season butin summer 
pressure 1s diminished 1n the intetior and increased im the Atlantic 
to the north west, resulting mn strong steady northerly winds, which 
as they advance into hotter regions are unaccompanied with ram, 
The heavy summer rains trom Sencgambia to the Gold Coast are 
due to the strong monsoonal winds which set in towards the 
interior, thus drawing over these coasts the highly saturated aur of 
the belt of calms and of the trades immediately to the north and 
south of 1t Since in winter the belt of calms 1s removed 8° of 
latitude farther to the south, and the temperature of the intenor 18 
greatly reduced, 1t follows that the winds blowing on these coasts 
from the sea are drier and less strong and consequently the rainfall 
issmall At Sierre Leone the absolutely driest month 1s February, 
0 81 inch, and the wettest September, 29 15 inches On the other 
hand, at Gaboon (lat 0° 25 Ny ) the dry season 1s from June to 
August, when the belt of calms is farthest to the north , and the 
absolutely raumest about the equinoxes, the mean of March bein, 
14 70 inches and October 19 52 :mches At Loanda (Int 8° 49'S 
the annuw arvcount 3s onlv a tenth of what alls at Gaboon, and it 
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falls wholly dunng the summer months of the southern hemisphere 
In South Africa pressure in January 1s lowest in the inteuor, 
towards which prevailing winds from the ocean blow, and as these 
advance into regions becoming a idly hotter the rainfall all round 
the coast and for some distance inland falls to the annual mmimum 
But in more sti tly nlan1 districts whi h are at a considerable 
elevation the sata rcaches the maximum at the same season 
‘Thus the am unts 1 inchcs for January and July are—for Pretoria, 
607 and 071 Martzbu g 423 and 02] Giahams Town, 2 89 
anl 1 v1 lower Nels Poort, 1 33 and 0 49, and Aliwal North, 
1 and 0060 In the winter months messute mm the imtcrio: 1° 
hizh ind the ramfall conse pees suiall Lhoush on the coast 
winds from the uid mterio: frequently 1 1cvail, yet the storms that 
sw epe stwud past South Afiica pee over large portions of 
the southern slopes of this pat of the globe whit must m the main 
b 1¢arded as a generous rainfall It follows thit the climates of 
these 1m) ottant colonics 1anze themscly.s into two perfectly dis 
tinct clisscs —thc climates of the inlanl ie,rons ind the Natal 
coust where the rains ocew dung tle hottest months and the 
climates of the othcr re,ions wacie tl annual rains occur during 
the collestm nths Little isa urately hnown reguding the rain 
fall of th interior of Afina It iw c rtam howeva, that it as 
smill on mil cver the eat n ivc res 0n of the Sahara and thit it 
is Ine from Wut 15° N lat to some distince south of the 
equator liobably the ramicst y art of Aftica 1s the region extend 
ins fi m the V1 toa Nvanzs noithwatis to anl mcuding the 
gath ung gicun ls of the two gicit til utaries of the Nile 

Sneu —Snow tikes the placc of rain when the tempera 
ture 1s suffiicntly low to freeze the condensed moisture in 
the atmosphere Snow 15 composed of crystals, either sia 
pointed stars or hexagonal plates, which exhibit the 
greatest variety of beautiful forms, one thousand dif 
ferent hinds having been observed These numerous fornis 
Scoresby reduced to five principal varieties —-(1) thin 
plates, comprising several hundred forms of the most ex 
quisite beauty , (2) a nucleus or plane figure, studded with 
needle shaped crystals, (3) sia sided, more rarely three sided, 
crystals , (4) pyramids of st sides , (5) prismatic crystals, 
having at the ends and middle thin plates perpendicular 
to their length In the same snowfall the forms of the 
crystals are generally sumilar The fiakes vary from 0 07 
mch to an inch in diameter, the smallest occurrmg with 
low tempcratures and the largest when the temperature 
approaches 32° If the temperature is alittle higher, the 
snow flakes are partially thawed in falling through it, and 
fall as sleet The white colour of snow 1s caused by the 
combination of the different prismatic colours of the minute 
snow crystals The density of snow is far from uniform , 
it 1s generally from ten to twelve times lighter than an 
equal bulk of water, but varies from eight to siatcen 
times lighter than water 

The hmit of the fall of snow near sca level coincides 
roughly with the winter isothermal of 52 , since in places 
where the mcan winter tempcrature 1s no higher than 52 
that of the air falls occasionally to 32 or lower during tne 
winter months As re,ards Lurope, the southern limit 1s 
about Gibraltar, in North America it 1s Savannah, New 
Orleans, the mouth of the Rio Grande, the head of the Gulf 
of California, and San Francisco In Lurope, noith of lat 
60°, snow falls generally on an average of from 80 to 110 
days in the year At Upsala the number of days 1s 61, 
at Warsaw 45, Aberdeen 42, Oxford 18, Ostend 15, Brus 
sels 27, Tarum (in the south west of Jutland) 12, Copen 
hagen 23, Vienna 33, Odessa 19, Sebastopol 12, Milan 
11, Trieste 6, Sarazossa 5, Madrid 3, and Lisbon 1 
In Greenland the number of days exceeds 60, and this 
figure 1s nearly reached in Newfoundland and the north 
east seaboard of Nova Scotia At Quebec the mean days 
of snow are 66, Hahfax 64, Winmpeg 54, Detroit 34, 
Cape Henry 13 St Lows 11, mouth of the ( olumbin 
River 7, and Charleston, SC, 2 in Russia the time of 
the year when snow falls inost frequently 1s December and 
January, except in the south of the empire, where February 
1s the month of the mot frequent occurrence of snow 
But to the nerth of a line drawn from the entrance of the 
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Gulf of Finland through Warsaw, Cracow, Salzburg, and 
Santiago March is the month of maximum occurrence in 
the great majority of instances , while to the south of this 
hne 1t 1s January and in several cases December 

The largest falls of snow occur in the Antarctic regions, 
as 1s well attested by the magnificent icebergs 0° solidified 
snow which break off all round from the lofty walls of 1ce 
that engirdle the Southern Ocean Excepting perhaps in the 
Domunion of Canada, no data have been anywhere collected 
from which even a rough estimate could be formed as to 
the mean annual amount of snow that falls im different 
parts of the globe 

Snow [ine —The snow line marks the height below 
which all the snow that falls annually melts during summer 
No general iule can be stated for this height im different 
climates owing to the many causes determining 1t These 
are the exposure of mountgn slope to the sun (and hence, 
other things being the same, it 1s higher on the south than 
on the north sides of mountams), exposure to the rain- 
bringing winds, the steepness of the mountains, and the 
degree of dryness of the air Hence the position of the 
snow line can be known by observation only It falls only 
little on eithcr side of the equator to lat 20°, from lat 
20 to 70 it falls equably, but from lat 70° to 78° much 
more rapidly To this general rule there are many excep 
tions It 1s 4000 feet higher on the north than the south 
side of the Himalayas, owing to the larger snowfall on the 
south, and the greater dryness of the climate of the north 
side, and therefore the greater evaporation from the snow 
there It 1s Ingher im the interior of continents than near 
the coasts, because the precipitation 1s less and summer heat 
greater In the Caucasus it 1s 11,063 feet high, but only 
8950 mm the Pyrenees In South America it rises from the 
equator to lat 18°, and more on the west than on the east 
slopes of the Cordilleras, owing to the large precipitation on 
the east and small precipitation and arid climate of the west 
side of that chain of mountaims It 1s as high im lat 33° 
S asin 19° N, but south of that latitude it rapidly sinks 
owing to the heavy rains brought by the mowt NW 
winds of these regions In the south of Chih 1t 1s 3000 
feet lower than in the same latitudes in Europe, and 6000 
teet lower than in the extremely arid climates of the Rocky 
Mountains 

Storms —If weather charts representing a large part of 
the northern hemisphere be examined, two distinct systems 
of pressure are seen which change their forms and positions 
on the earth’s surface from day today The one set are 
systems of low pressure marked off by concentric isobars 
enclosing pressures successively lower till the centre 1s 
approached, and the other systems of high pressure 
marked off by concentric 1sobars enclosing pressures becom 
ing successively higher towards the centie The former of 
these are called cyclones, and the latter anticyclones These 
areas of low pressure are the distinguishing characteristics 
of the hurricanes and typhoons of tropical regions, and of 
the oidinary storms of higher latitudes, and they may all 
be conveniently grouped under the gencral name of cyclones 
Fig 19 shows a storm which was passing across north 
western Europe on the morning of November 2, 1863, and 
it may be taken as fairly representing the general features 
of cyclones In the figure the arrows fly with the wind, 
and the force of the wind 1s indicated by the number of 
feathers on the arrows 

It will be seen that the winds indicate, not a circular 
movement round the centre of lowest pressure, but a 
vorticose motion inwards upon that centre, the motion 
bemg opposite to that of watch hands In other words, 
the wind follows Buys Ballot’s law, already explamed 
The winds are strongest where the 1sobars are closest 
together , or they are generally proportioned to the “ baro- 
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metric gradient,”—a term imtroduced by Stevenson mn 
1867 Cyclones have diameteis seidom less than 600, and 
they occasionally exceed 3000 miles, the cyclone of fig 19 
had a diameter of about 1200 miles The cyclones of 
the Mediterranean are 
usually of smaller dimen 
sions than those of north 
western Europe and 
America The rates at 
which cyclones advance 
over the earth’s surface 
vary greatly, the average 
m America being 24 
miles an hour, m_ the 
Atlantic 20 mules, and 
in Europe 26 miles A 
rate as high as 70 miles 
an hour has occurred in 
the Bntish Islands, 
sgmetimes they remain 
stationary, and morc 
rarely their course 1s 
for a time retrograde 
The temperature and 
humidity increase at those places towards and over which 
the front part of the storm 1s advancing, and fall at those 
places over which the front part of the storm has already 
passed In other words, the temperature and humidity 
nse as pressure falls and fall as pressure mses This 1s 
the important climatic significance of cyclones Thus a 
succession of low pressures passing castwards in courses 
lying to northward of the British Islands are the essential 
conditions of open winters , whereas, 1f the cyclones follow 
courses lying to southward, the winters are severe Ina 
cyclone the broadest feature of weather 1s an area of rain 
about or rather somewhat im front of the centre, sur 
rounded by a ring of cloud, outside which the sky 1s clear 
The precise form and position of these areas have been 
shown by Abercrombie to vary with the type of pres 
sure distribution, with the intensity of the cyclone, and 
with the rate of its progress, and they are also influenced 
by local, diurnal, and seasonal variations 

The chief pont of difference between American and 
European storms 19 essentially the result of the mean 
winter pressures to the west and north west of their respec 
tive storm tracks Owing to the high winter pressure in 
the interior of America, the barometer rises in the wake of 
the storms of the United States more rapidly, the wind 
veers round more quickly and more uniformly to NW, 
NNW, and N and keeps longer in these directions, 
and the temperature and humidity fall to a greater 
degree, than happens im Curope In the New England 
States and Canada the easterly winds of the storms, 
coming as they do from the Atlantic, are disagieeably 
cold, damp, and misty in a degree and with a frequency 
much greater than occurs with the same winds in the 
British Islands 

The chief points of difference between the hurricanes and 
typhoons of the tropics and the cyclones of higher latitudes 
are these —tropical cyclones are of smallir dimensions 
show steeper barometric gradients and therefore strongei 
winds, and advance at a slower rate over the earths 
surface Another point of difference 1s that a large number 
of the hurricanes of the West Indies and the typhoons of 
eastern Asia first pursue a westerly course, which gradually 
becomes north westerly, and on arnving at about lat 30° 
they recurve and thereafter pursue a course to noth east 
wards The tropical cyclones of the Indian Ocean south 
of the equator also first pursue a westerly course, which 
gradually changes to south west, and often on arriving about 
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lat 30° recurve to the south east Many ur the cyclones of 
India have their origin to westwards of the Nicobar Islands, 
pursue a course to ve westward, and die out in the 
valley of the Ganges , and, similarly, a considerable number 
of the cyclones of the West Indies pursue a westerly course 
through the Gulf of Mexico, and several die out in the States 

The most dreadful attendant on tropical cyclones 1s 
the storm wave, caused by the in blowmg winds and the 
low pressure of the centre of the storm When this wave 
is unusually high and 1s hurled forward on a low lying 
coast at high water it becomes one of the most destructive 
agents known ‘The Bakargan) cyclone of October 31, 
1876, was accompanied by a wave which flooded the low 
grounds to the east of the delta of the Ganges to heights 
varying from 10 to 45 feet, by which more than 100,000 
human beings perished 

Tracks of Cyclones of North Amerwa, Atlantic, and 
Europe —In the Physical Atlas of the Atlantec Ocean, 1ssued. 
under the direction of Dr Neumayer of the Deutsche 
Seewarte, plate 28 shows by shadings the mean positions of 
the centres of cyclones and by lines their mean tracks 
The following aie the regions where the lowest barometer 
or storms has been most frequently found —the region 
to west south west of the lakes of the United States, the 
Gulf of St Lawrence , mid Atlantic about lat 35° long 52°, 
to the south west of Greenland to the south west of Iceland, 
which 1s by far the most important of the whole, to the 
south west of the Lofoten Isles, the region embracing 
Denmark, the south of Scandinavia, and kimland and, as 
secondary centres of frequency, the south of the British 
Islands, Corsica and part of Italy adjomung, and the north 
east of the Adriatic The great importance of these centres 
where the lowest barometers are most frequently found, 
consists in the indication they give of the precise regions 
either where many storms originate or where they are 
either retarded or arrested in theircourse Avs regards the 
origin of storms, the centre west of the Mississippi 1s the 
region where most of the United States storms onginate, 
the centre in the Gulf of St Lawrence 1s where many of the 
great Atlantic storms have their origin, and the centres in 
mid Atlantic and to the southwest of Iceland are the 
regions where the storms of north western Europe chiefly 
originate The centres on the south west of Greenland, 
the Lofoten Isles, Denmark, and the south of the British 
Islands, all appear to suggest that storms are retarded ir 
their onward courses on coming up against large masses ot 
land,—which may, in part at least, be occasioned by the 
heavy rainfalls that mark these parts of their courses 

Of all storm tracks the most frequently taken 1s that by 
the storms of the United States, which pursue an easterly 
course through the lakes to the Gulf of St Lawrence A 
considerable number of storms follow a course from Nova 
Scotia to Davis Straits, but the larger number take a 
north easterly course thiough the \tlantic towards Iceland 
and thence past the north of Norway Among the less 
frequent but important trachs are these —tiom near New 
Orleans along the east coast of the States towards Nova 
Scotia , from mid Atlantic to south of Ireland and thence 
through France to the north of the Mediterranean and 
from the Atlantic about ht 42° long 40° in a north 
easterly course quite outside but at no great distance from 
the British Islands, and thence toward. the North Cape 
Of the tracks more immediately affectmg British weather 
are one from Iceland in a south easterly direction through 

' the North Sea and Germany, and four trachs which start 
from near Scilly —(1) to the south east as already described, 

(2) eastward through the north of Germany , (3) north cast 
to Chnistiama, and (4) north through Ireland and the 
Hebrides These are the storm tiachs which chiefly give 
the Umted Kingdom its easterly and northe:ly winds 
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The Inclnatwn of Winds to the Isobars —The vorticose 
motion of the winds in a cyclone towards and in upon the 
centre has been already pointed out One of the more 
important practical problems of metecrology 1s the deter 
mination of the angle of inclination of the winds to the 
isobars in the different segments of the cyclone, not only 
from the application of the results of the imquiry to the 
theory of storms but also to practical navigation The firs: 
real contribution to the subject, based on accurate measure 
ments, was made by Clement Ley m 18731 From the 
observations made at fifteen places in north west Europe 
txamined by him he showed that the winds incline from 
districts of higher towards those of lower pressure at a 
mean angle of 20 5], that the inclination s much greater 
at inland than at well exposed stations on the coast, the 
respective angles being 25° 53 and 12° 49 , and that the 
greatest inclinations are with SF winds Then follow 
SW, NE, and NW winds, the last showing the least 
inclination © Whipple has recently compared the winds 
at Kew with the barometric gradients for the five years 
ending 1879, with the result that the greatest inclination 
is 63° with SE winds, the least 35° with N E winds, and 
the mean for all winds 52° 

As regards the open sea, Captain Toynbee has shown, 
from a careful investigation of the great Atlantic storm of 
August 24, 1873, that the mean angle of inclination 
calculated from one hundred and eight observations was 
29°, the mean at the three selected epochs examined 
varying from 25° to 31° 

Barometric Gradvent and Velocity of the Wind —In 
inquiring into the relation of the velocity of the wind to 
the barometric gradient, 1t 13 necessary to have some 
definite information as to the increase of the velocity with 
height above the ground Stevenson recently made 
observations on this pomt on winds varying from 2 to 44 
miles an hour from the surface up to a height of 50 feet, 
from which he has drawn the following conclusions —(1) 
the spaces passed over in the same time by the wind 
increase with height above the ground, (2) the curves 
traced out by these vamations of velocity from 15 to 50 
feet high comcide most nearly with parabolas (fig 20) 





Fg 20 
having their vertices in a horizontal line 72 feet below the 
surface , (3) between 15 feet and the ground there is great 
disturbance of the currents, so that the symmetry of the 
curves 18 destroyed , (4) the parameters of these parabolas 
increase directly in the ratio of the squares of the velocities 
of the different gales If x be the velocity of the wind 
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at height H above the ground, the parameter of the 
corresponding parabola 1s 2*/(H +72), and as x varies the 
parameter will vary as x? or as the square of the velocity 
of the gale It follows that, to render wind observations 
comparable, 1t 18 necessary that anemometers L_ placed at 
one uniform height above the ground, and that standard 
height not lower than 15 feet above the surface It 19 
very desirable that the inquiry were prosecuted up toa 
height of 100 feet , and 1t1s of the utmost umportance that 
the variation in the diurnal velocity be at the same time 
determined at different heights from 15 feet upwerds 

Stevenson also made wind observations on the Calton 
Hull, Arthurs Seat, and the Pentland Hulls, in the vicimty 
of Edinburgh, up to a height of 1600 feet above sea .evel 
It 18 from observations made at stations on knolls and 
peaks at different heights above the sea, and at different 
heights above the surfages of their summits, that the 
problem of the variation of the wind’s velocity at different 
heights with the same barometnc gradient can be ascer 
tained In carrying the mquiry to considerable heightg, 
the results cease to be comparable with those obtained 
at lower levels, unless in those cases where neighbouring 
heights are available for data from which the barometnc 
gradient at the observed height can be calculated The 
results of observations as to the velocity of atmospheric 
currents at very great elevations in the atmosphere deduced 
from the apparent movements of the higher clouds are 
altogether incomparable with the winds near the surface of 
the earth, for these among other reasons —the heights of 
the clouds can be at best but imperfectly ascertamed, the 
motion of the clouds, particularly the higher clouds, may 
be only apparent, 1t being sometimes difficult to distinguish 
between che formation and dissolution of clouds and their 
motion , and above all, since the higher clouds are usually 
the accompaniments of the greater weather changes, their 
movements a~ ‘he result of barometric gradients towards 
a knowledge of which we are absolutely powerless to take 
a single step 

As regards surface winds, Clement Ley in 1881, and 
Whipple more recently and with greater fulness, have 
calculated the mean wind velocities for twelve gradients,— 
the gradients being derived from the daily weather charts 
of the Meteorological Office for the five years 1875 to 1879 
ut 8 aM, and the corresponding wind data being obtained 
‘rom the hourly readings of the Kew anemograph The 
barometric gradient 18 for 15 nautical miles, and the 
‘ollowing are the velocities for the twelve gradients on the 
mean of the year — 


Gradient Velocity Gradient Velocity 
inch miles anch miles 
0 002 50 0 017 150 
0 005 0 0 020 16 5 
0 007 75 0 022 191 
0 010 92 0 025 22 0 
0 012 116 0 027 22 0 
0 015 12 6 0 030 25 5 


The 1.fluence of season 1s very strongly marked The 
velocities for the same gradients in order are—October to 
December, 125 miles, July to September, 126 mules, 
fanuary to March, 148 miles, and April to June, 17 2 
miles From those observations of Whipple it follows 
that during the s1x months when the temperature 18 falling 
the velocity for the same gradients 1s least, while the velocity 
is greatest during the six months when the temperature 1s 
nising, and absolutely greatest during the three months 
mding June, when the greater part of the annual increase 

“ temperature occurs It 1s evident that the observed 
nerease in the velocity of the wind for the same gradients 

to be referred to the same cause that brings about the 
diurnal imerease in the winds velocity, viz. the wind 
lowing over a warmer surface than itself 
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Whipple has also sorted the winds according to the 
eight points of the compass, with results of the greatest 
interest If NW, N, NE, and E winds be grouped 
together as polar, and SE, 8, SW, and W winds as 
equatorial winds, the mean hourly velocity of the polar 
winds, for the same gradients, 1s 1 1 mules in excess of the 
equatorial winds Now, since polar winds pass into lower 
latitudes, the surface of the earth over which they blow 
1s warmer, whereas the surface 1s colder than the equa 
torial winds which blow over it It follows that the 
increased velocity of polar winds 1s referable to the same 
conditions which result m the diurnal increase in the 
wind’s velocity and the greater velocity for the same 
gradients of winds when the annual temperature 1s sing, 
since in all these cases the winds blow over a surface of 
a higher temperature than their own 

It 1s evident from these considerations that for the 
development of the law of thé relation of the wind’s 
velocity to the barometric gradient with an exactness 
sufficient to warrant us in expressing that relation in a 
general mathematical formula much yet remains to be done 
In truth, as regards the various formule submitted by 
Ferrel, Mohn, Hann, Everett, and others, we have no 
choice but to allow the justness of Strachan’s criticism 
(Modein Meteorology, p 98) that the theoretical values 
furnished by the formule do not accord with the actual 
values, and that therefore a satisfactory formula is yet to 
be found Ere such a formula need be looked for, the 
conditions must be fulfilled for the preliminary work of sup 
plying the observational data requred The “Challenger” 
observations prove that, with gradients substantially the 
same, the velocity of the wind 1s greater on the open sea 
than near land, and we have seen that the velocity varies 
with the hour of the day, and generally 1s mcreased as the 
temperature of the surface rises above that of the air blow 
ing over it, and C.minished as the temperature of the surface 
falls below that of theair It 1s evident that observations 
on the open sea will afford data for the simplest solution of 
the problem , but on land the diurnal, seasonal, and non 
periodic changes of temperature greatly complicate the 
problem, and render necessary for 1ts solution observations 
specially designed for the purpose It 1s not easy to see 
how these can be obtained but by carrying out the plan pro 
posed in 1875 by Stevenson of establishing strings of well 
equipped meteorological stations planted sufficiently close 
that the barometric gradients may be determined within the 
limits of acouracy required Observations made twelve 
times daily for a year, at stations so arranged, would 
supply the observational data for the solution of this funda 
mental problem in meteorology Till some such proposal 
be carried out, the problem remains unsolved, for barometric 
gradients based on the widely separated existing stations 
are too uncertain and rough and the wind observations 
are wanting in that comparability which alone can satisfy 
the inquiry 

Weather and Weather Maps —Weather 1s the state of 
the air at any time as respects heat, moisture, wind, rain, 
cloud, and electricity, and a change of weather umplis a 
change in one or more of these conditions Of th 
changes the most important as regards human interests 
are those which refer to temperature, wind, and rain, and, 
as these are intimately bound up with the distribution of 


atmospheric pressure, the latter truly furnishes the key to 
weather changes 


These relations are well shown by the International Monthly 
Weather Maps 1ssued by the Umited States Signal Service Of these 
that for December 1878 1s a striking example ‘11s month was 
characterized over the globe by unusually abnormal weather A 
line drawn from Texas to Newfoundland, across the Atlantic, the 
north of France, and Germany, thence round to south east, through 
the Black Sea, the Caucasus, India, the East India Islands, and 


METEOROLOGY 


157 


Australia to the South Island of New Zealand, passes through a 
broad and extended region where pressure was throughout con- 
siderably below the mean of December, and this low pressure 

still further deepened in various regions along the line An 
other line passing from Austraha, through the Philippine Islands, 
Japan, Manchuna, Behmngs Strat, and Alaska, also marks out 
an extensive region whele pressure was unipterruptedly below the 


mean 
On the other hand, pressure was above the average, and generally 
_rgely 80, over the United States to west of longitude 90°, ovet 
Greenland, Iceland, the Faroes, Shetland, and a large portion of 
the Old Continent bounded by a line drawn from Lapland round 
by Like Balkhash, Canton, Peking to the upper revches of the 
Lena Another area of high pressure extended trom Syna, through 
Egypt and East Afmca, to the Cape, and part of a third area of 
high pressure appcared 1n the North Island of New Zealand As 
regards North America, the greatest excess of pressure 0 196 inch 
above the mean, occurred in the Columbia Valley, from which it 
giadually fell on proceeding eastward to a defect from the average 
of 0 146 inch near Loke Champlain and to northward, msing again 
to near the mean on the north of Nova Scotia ‘To the north and 
uoith east exceedingly high pressures for these regions and the 
season prevailed, beg 0 635 mch above the mean in Iceland, 
0 4500 in the south of Greenland, and at the three stations in West 
treenland, proceeding northward, 0 445, 0 402, and 0 346 inch 
West Greenland bemg thus on the west side of the region of 
high pressure which occupied the northern part of the Atlantic, 
and on the north east side of the area of low pressure in the States 
and Cinada, strong south winds set in over that coast, and the 
temperature at the four Grcenland stations, proceeding from south 
to north, rose to 1° 1, 8° 8, 12°1, ind 14° 4 above the means As 
the centre of lowest pressure was in the valley of the St Lawrence 
about Montreal, strong northerly and westeily winds predominated 
to westward and southward, where consequently temperature was 
below the average, the dchciency at Chicago and St Louis being 
9° 5, and winds being easterly and 1 ortherly 1n California, the tem 
rature there was also un ler the mean (nthe other hand, 1 the 
ew En,sland States, the gieater 1 art of the Dominion of C inada, and 
West Gieenland temperature was above the average Pressure ws 
much higher at St Michaels, Alaska, than to south westw rd at St 
Pauls, Behring s Strait, and hence, while ter perature at St Paul s 
was 2° 9 below the normal, it was 12 O above 1t at St Michaels, 
where strongly southerly win 's ruled With these strong contrasts 
of pressure, Amelica presented contrasts at least as striking in the 
distribution of the temperature Along the south of Lake Michigan 
the Novembe: temperature was 18° 7 above the normal, whilst the 
December temperature was 9° below it, the difference there 
between the two consecutive months being thus 23° 2 
As regards Europe, Iceland was on the east side of the yatch of 
high pressure which oveispread the north of the Atlantic, and] ence 
noitherly winds prevailed there and temperature fell 7° 2 below the 
mean, presenting thus a marked contiast to the high temperature 
of West Greenland at the time In kurope the area of lowest 
pressure occupied the southern shores of the North Sea, extending 
thence, 8 m a less pronounced form to south castward 
Hence over the whole of western Europe winds were N E, N , and 
in the south west of Europe W , and hence everywhere from the 
North Cape to the north of Italy temperature was below the 
normal, in some places greatly so, the deficiencv being 10° 4 in 
the south of Norway and 12° 2m the south of Scotland On the 
other hand, on the east side of this area of low pressure winds were 
southerly and temperature consequently high In some localities 
in Russia the excess above the mean was 15° 0, and over a large 
A lee of Furopein Russia the excess was not less than 9° 0 
his region of high temperature eatended eistward into Siberia as 
far as the Irtish, being coterminous with the western halt of the 
anticyclonic region of high pressure which ovetsjread central 
Sibena But over the eastern portion of the anticy clone northerly 
winds prevailed, with the mevitable accompaniment of low tem 
peratures over the whole of Hastern Asi, the deficiency at Ner 
tchinsk on the npper Amur being 6°8 Here azain, just as in 
Amenica, Greenland, and Iceland, places with atmosphente pressure 
sly high presented the strongest contiasts of temperature 
Thus at Bogoslovsk, on the U1al Mountains, pressure was 0 211 uch 
and at Nertchinsh 0 154 ich above the normals but Bogoslovsk 
on the west side of the high picssure area had a temperature 15° 0 
above, whilst at Nertchinsk 1t was 6° 8 below the average 
At this timo of the year the mcan pressure falls to the n mimum 
in Australia, but dunng December 1878 the usually low pressure 
was still further diminished Pressure at this season also fills to 
the annual mmunum im the North Pacific and North Atlantu, 
and it has been seen that the low pressure of these regions was 
hkewise still further dimimished But in the case ot the Atlantic 
it was attended with a most important differenve The centre of 
lowest { pteo usually located to the south west of Iccland, was 
removed some hundreds of miles to the south east, and an unwonted 
development of extraordinary high preasure app: ared to the north 
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~ard overspreading the extensive region of Baffin s Bay, Greenland, 
Iceland laioes and Shetland It was to this regio1 of high pres 
sure particularly in its relations tr the low pressure region to the 
south east of it that the extrer sevemt~ of the weather in the 
British Islands at the time wa: due . ww tis high pressure 
region w4s intimately connected with, aul doubtless occasioned 
directly by uy per atmospheric currents from the widely extend 
region of low ; 1essure to southward with its large centres of stall 
lower } 1035 ire 1n the North Sea, mii Atlantic ani United States, 
where pressutcs were respectively 0 307 0 322 and 0 146 inch under 
the normils Thus with the single exception of the high pressure 
area about Greenland, the incteorological peculiarities which render 
December 1878 s0 memorable over nearly the whole globe arose out 
of + distribution of the earths atmosphere essentiilly the same 
that obtains at that time of the year bit the usual uregularities 
in the distribution of the pressure appearcd in more pronounced 
sharacters 
Taking the all important bearings of these areas of high 
and low pressure on weather and climate into consideration, 
along with the abnoimal concentration of aqueous vapour 
over cxtensive regions which they imply, it 1s evident that, 
when the meteorologist will be in a position to forecast, on 
scientific grounds, the weithe: of the coming season for 
the British Islands, 1t 15 to the Atlantic he will require to 
look for the data on which the forecast 1s based 
These questions, which the International Weather Maps 
of the Umtcd States enable us to discuss, are of the first 
importance in meteorology, whether we consider the ampli 
tude of the atmosphuric changes they disclose (these being 
often so vast as to embrace four continents at one time, 
besides being profoundly imteresting from their direct 
bearings on the food supplics and commercial intercourse 
of nations) or 1egard the larger problems they present, 
with hints towards their solution, which underlie physical 
geography, climatology, and other Lranches of atmospheric 
physics The discussion presents the great atmospheric 
changes as influenced by oceins and continents, mcluding 
the subordinate but important parts played by mountain 
ranges, extensive plateaus, and physically well defined 
river basins in determing the development, course, and 
termination of these changes 
Weather Ion ecasts and St rm Warnings —It 1s m tropical 
and subtropical countries that an isolated observer may, 
with a close approximation to certainty, predict the 
approach of gales and hurricanes In these regions atmo 
spheric pressure and tho other meteorological conditions 
are so constant from day to day that any deviation, even 
a slight one, from the average of the hour and season im 
respect of pressure, the direction and strength of the wind, | 
and the direction and amount of cloud, umplies the presence — 
of astorm at no great distance Dr Meldrum has practically 
worked out this problem at Mauritius with great success 
At the Royal Alfred Observatory there the mean pressure 
at sea level in January at 9 am 1s 29 966 inches, from 
which it falls to 29904 inches at 4 Pm, then mses to 
29 980 inches at 10 Pm, and again falls to 29 927 at 4 
4M The mean direction of the wind and the diurnal vana 
tion, both as regards direction and force, have been stated 
p 125) Suppose then that the barometer 1s observed 
to fall after 9 am more rapidly than 1s due to the usual 
daily barometric tide, that in the afternoon it docs not 
indicate the second maximum or that 1t continues to fall 
instead of rising,—or suppose, 1n short, any deviation from 
the mean daily march,—then it 13 certain that there 1s 
somewhere an atmospherical disturbance near enough to 
Mauritius to mmfluence the pressure The direction in 
which the disturbance 1s from Mauritius 1s readily known 
from the wind, and the distance of the storm closely 
approximated to by noting the rate and amount of the fall 
of the barometer, nm connexion with the changes of the 
wind and the clouds,—the rate and progressive motion of 
the storm being known chiefly from the veerings of the 
wind For a good many years past notifications have 
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been sent to the daily newspapers when observations show 
that a storm 1s not far from the island, stating 1ts position 
and probable course from day to day ‘The scheme of 
storm warnings at Mauritius has been entirely successful, 
and the result 1s of great value, since 1t shows what may be 
done at an isolated station in the ocean, or what may be 
done in ships at sea In this connexion 1t 18 not possible 
to overestimate the 1mportance to seamen of a knowledge 
of the hourly variations of the barometer and 1ts mean 
monthly heights over the ocean tracks of commerce 
In passing from Mauritius to the British Islands we 
pass from a region where the forecasting of storms and 
weather 1s simplest and easiest to the region where it 18 
most complex and difficult, particularly for the western 
districts of these islands The great difficulty hes m the 
fact that the British Islands are immediately bounded by 
the Atlantic to westwards, and, stnce practially every 
storm and nearly all weather changes come from that 
direction, no telegiaphic communication of their approach 
can be received The Meteorological Office in London has 
therefore no choice but to base the forecasts on such of tite 
observations telegraphed to the office as expenence has 
shown to be the precursors of storms and other weather 
changes The more important of these observations are 
the falling and rising of the barometer taken in connexion 
with changes in the direction and force of the wind Since 
on the north side of the track of the centre of the storm 
winds are no1therly and easterly and temperature low, and 
on the south side winds are southerly and westerly and 
temperature high, one of the most important pots to be 
ascertained 1s the probable path the centre of the coming 
storm will take Though a good deal remains to be 
accomplished in the development of this phase of storms, 
yet much has recently been done 1m this direction by close 
examination of the changes of pressure in the region of 
the anticyclone contiguous to the advancing storm and by 
the changing positions of the rain area near the centre of 
the cyclone 
As regards Curope, the facility of forecasting storms 
creases as distance from the west coasts 1s increased 
Thus to the middle and eastern districts of the British 
Islands, were a day and night watch established in the 
west, forecasts of almost every storm could be issued, the 
exceptions being those small cyclones or satellite cyclones, 
as they are called, originating within the British Islands 
themselves, which are frequently characterized at once by 
their severity and by the rapidity of their onward course 
In the United States, the system of weather forecasting 1s 
perhaps the best in temperate regions,—a result due to 
the admirable system organized and developed under the 
direction of the late General Myer, and adequately sub- 
sidized by the Government, but above all to the facilities 
to detect and track the sto:1ms in the region where nearly 
all of them have their origin, to west of the Mississippi, 
before they advance upon the more thickly peopled States 
Meteorology sustained a heavy loss by the death in 1877 
of Leverrier, who was not only the keenest-sighted of 
physicists but also the prince of organizers of systems of 
meteorological observation His last gieat service to the 
science was the establishment of a system of observation, 
by which the propagation of rain, hail, and other weather 
phenomena could be followed and recorded from commune 
to commune over France This scheme for the nvestiga- 
tion of the vitally important bearmg on the meteorology 
of a country of a comprehensive observation of its rainfall, 
hail, and thunderstorms, through numerous observers 
possessing sound local information, 1s not only eminently 
just in science, but 1s calculated to be attended with the 
greatest benefits to agricultural and other public interests 
The practical advantages of the scheme, it need scarcely 


TERRESTRIAL MAGNETISM | 


be added, can only be reaped after a very large expendi 
ture of labour and money in organizing a comprehensive 
parochial scheme of observation, systematically and per- 
sistently carried through and discussed 

Further details regarding meteorological phenomena 
will be found im the articles ATMOSPHERE, BAROMETER, 
Crmatr, Hycrometry Ozong, Rarncauer, Sea, and 
THERMOMETER. (4 B) 
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1 In the preceding portion of thisarticle some account has been 
given of the influence which the sun and moon exert upon the aur, 
the earth, and the ocean, their strictly tidal effects being left to be 
separately dealt with The discussion of the influence of these 
bodies on what may be termed the movables of the earth will 
not be complete, however, without embracing an account of the 
changes which they produce in the earth smagnetism An account 
of the earlie: magnetic observations has alread) been given under 
the heading Macnetism and om tek will now be to give in the 
first place a description of the best aud most recent insttuments by 
hich the magnetic state ot the eaith 1s determined embracing 
therein observatory instruments, those adapted for travellers w hethcr 
by land or by sea, and differential magnetometcrs We shall next 
give a short account of the magnetic system of the earth and of its 
secular \ariation, and we shall then investigate the changes con 
nected with terrestrial magnetism dej ending on the sun and moon 
In performing this task we shall be led to conclude that the suns 
power 1s variable, and we shall therefore examime whether this con 
clusion 18 likewise borne out by strictly meteorological observations 
Fimally we shall venture on remarks embodying a provisional 
working hypothesis, and our object will be gained 1f this should be 
found to suggest certain lines of thought to those interested in the 
subject which may lead them to examine and discuss the very great 
mass of observations at present existing 


INSTRUMENTS FOR DETFRMINING THE Macnrtic STATE 
OF 1HE LAl1H 


(a) Observatory Instruments 


2 Declnometer —It 1s that end of the needle which points to 
the north magnetic pole of the earth of which the position 1s invari 
ably noted even when the observation 1s made in the southern 
hemisphere The difference of this position from true geographical 
north denotes what 1s called the variation or declination (east or 
west) of the needle ast 18 often reckoned negative and west 

sitive The mstrument by which this information 1s obtained 1s 
called the declinometer The unifila1 magnetometer, which 1s 
the form of declinometer now used, 18 described and figured in 
MAGNETISM, vol xv p 238 

3 Dip Corcle —The instrument by which the magnetic dip or 
inchnation 1s observed conta ns a thin needle about 3 inches 
long the centreof gravity of which coincides as accurately as 
possible with the axis of motion of the needle The needle has two 
axles consisting of two very fine cylinders of hard steel standing at 
nght angles to the plane of the needle and great attention must bo 
pad to keep these axles in a state of perfect polish and dryness 

y means of these the needle can oscillate freely on two horivontal 
agate rounded edges, the one axle lying on the one edge and the 
other axle on the other If the centre of gravity saiueilen exactly 
with the axis of motion, and if there be no adhesion or fiiction 
between the axles and the agate edges the needle must settle into 
such a position that 1ts magnetic axis hes in the true line of dip 

The position of the ends of the needle 1s read by means of two 
microscopes which move round on @ cross piece carrying verniers 
To view the position of the lower end of the needle we move round 
the lower microscope until the cross wire in 1ts field of view (extend 
ing in the line between the two microscopes) symmetrically cuts 
the extremity of the needle The lower vernier isthen read The 
same process 18 repeated for the upper vernier, and the mean of 
the two readings is taken This mean will accurately denote the 
position of the needle if the circle 1s properly set 

The sources of error in a dip observation aie—(1) a want of 
symmetry in mass, the centie of gravity of the needle not being 
coincident with the axis of motion, (2) the vertical circle bemg 
erroneously set, (3) a want of symmetry in magnetism, the mag 
netic axis not being coincident with the aais of figure, (4) excen 
tneity, the axis of rotation of the needle not passing thiough the 
centre of the circle , (5) fmction and adhesion of the axles as they 
rest on their agate supports This last source of error 18 guarded 
against by taking great care of the axles, and by inserting them 
gently into a piece of cork before each observation, the agate 
supports ought also to be rubbed with cork Then, again, when 
the needle has assumed its pomtion, before readimg it 18 gently raised 
bY means of a lifter, the handle for turnmg which 18 shown 1m the 

gure towards the nght It 1s then gently lowered, and this pro- 
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cess 18 repeated until no apparent change of position is produced 
by the operation 

4 We shall now describe a complete dip observation The first 
point 1s to make the needle to swing in the plane of the magnetic 
meridian In order to accomplish this, after levelling the instru 
ment, the vernieis ate set for 90°, that 1s, for a vertical position of 
the needle The whole instrument 1s now turned round its hon 
zontal circle until the extremities of the needle are bisected by the 
wues of the two microscopes, and the position of the vermer of the 
horizontal circle 1s then read The needle is neat reversed so that 
the microscope shall s1ew its other flat side, 1¢ 18 made vertical as 
before, and the position of the horizontal circle read once more 
Next the face of the instrument 1s turned round 180°, and the same 
two operations repeated We have thus four readings of the hon 
zontal circle, and if we take the mean of these we shall have ascer 
tained with sufficient accuracy the position of that plane for which 
the needle 1s vertical Now this plane must be removed 99° from 
the magnet 2 meridian, foi in such a plane the horizontal magnetic 
force of the earth would have no resolved poition acting in the 

lane of the needles motion, so that the needle would practically 
e under the sole influence of the vertical magnctic force, and would 

therefore point in a vertical direction By this means therefore we 
obtain the magnetic meiidian, and thus hnow the plane in which 
we ought to swing the needle The needle must now be read 
in the following positions (a face of instrument east—face of 
needle to face of mstrument, (8) face of instrument west—face of 
needle to face of mstrument, (y) face of mstrument west—back of 
needle to face of mstrument , (3) face of instrument east—Dback of 
needle to face of instrument Finally, the poles of the needle must 
be reveised, by rubbing them with powerful ba: magnets in 2 
dircetion opposite to that mm which they were yreviously rubbed, 
and four observations taken co1espondinys tothe above Ihe mean 
of the eight obse1s ations so obtaincd will give us the true dip 

The turnin, 1ound ot the face of the instrument fiom east to west 
is made to counteract any erro: due to e1roneous setting of the 
vertical circle The reversal of the face of the needle is made to 
counteract any error due to the centre of ae ity of the needle not 
being quite comcident in the direction of the necdles breadth with 
its axils of motion, and likewise any error due to want of symmetry 
of the magnetic axis The correction for excentricity 1s made by 
reading both ends of the needle Funally, the reversing of the poles 
of the needle 18s mtended to counteract any erro: due to the centre 
of giavity of the needle not ben g coincident in the direction of the 
needle s length with its axis of motion 

Dr Joule? has suggested a modification of the dip circle in which 
the needle is hung on fine threads on which it 10lls instead of rest 
ing on agate rh habe 

5 Horizontal Force Magnetometer —The theory of the instrument 
for determining the horizontal component of the earth « magnetic 
force has already been given in the article MaGNetinm, vol xv 
pp 238 sq7, and the instrument is shown in two forms, ibid, 
hgs 28 and 29 The corrections necessary for accurate results are 
explained in a paper by G M Whipple (Proc Roy Soc, 1877) 


(8) Instruments adapted for Travellers by Land 


6 Declinometer —Fou travellers by land the umfila: instrument 
.. 2), mounted on a tripod stand and duly levelled, 1s perhaps the 
most accurate kind of declinometer 

For this purpose it 1» furmshed with a transit mmor by means 
of which an image of the sun may be thrown into the field of view 
of the telescope, and—the geographical position of the station as 
well as the apl alcnt time of the observation being known—an 
azimuth thus determimed In order that such an observation may 
succeed, the following points must receive attention . 

In the first place the axis of the mirio must be horizontal the 
adjustment for this 1s made by means of a nding level Secondly, 
the normal to the plane of the miuor must be per} endicular to the 
axis The adjustment for this 1s made by a sciew attached to the 
back of the mirro: Take some object sufhciently elevated and 
1eflect it ato the telescope, getting the object bisected by the wire 
of the telescope Then reverse the minor in its Leaungs If the 
object remains still bisected by the wire no cotlection requires to 
be made, but 1f not the screw at the tack of the mirror must be 
moved until the objcct 1s im precisely the same position in both 
observations Thirdly, the line of collimation of the telescope must 
be perpendicular to the plane of the mmor In ordei to obtain 
this there 1s a collimating eye piece attached to the telescoye by 
which the suns light may be made to illuminate the cross wins 
Now turn the transit mirror until the reflexion of the ilummated 
cros8 Wires coincides with the wues themselves, in which case the 
line of collimation of the telescope must be perpendicular to the 
plane of the mirror When this coniec tion has Wen once made note 
the circle reading of a small vermer which moves with the mirror 
and always set the murror so as to give this reading 





» Proc Ist and Phil Socvety, Manchester, vol vi p 171 


160 


By these means an accurate reading of the suns bearing may be 
made, and, the position of the place and the time of observation 
being known, there ate tables which enable the azimuth to be at 
once determined 

7 Lloyds Method of Determinang the Total Force ~Whule the 
dip cirele and the hotizontal force das bean ere may be used by 
travellers in aldition to thei use as observatory instruments, the 
Rev Dr Lloyd has devised a new method of determining the total 
foree The ordinary method of obtaining this 19 first to find the 
dip and the horizontal force fiom which the total force can be at 
once determine! by the equation, -—total force horizontal force x 
secant dip ‘lus method 1s, however open to objection in high 
maiznctic latitudes where the honzontal force 15 very small and the 
ip approaches 90° Now in Lloyds method this objection 1s over 
conc <Anothcr cicumstance which renders lus method peculiarly 
convenient for high magnetic latitudes where a travellers equi 
ment must be kept as light as possiblu 1s the fact that 1t poly 

uncs the addition of two nec Iles to an o: lmary dip cu le in 
ordcr to give the requned determination These ncedles must be 
carefully kept from contact with other magncts, and their poles 
never reversed 

Here as before we have two unknown quantities to determme the 
one buns the magnetic momcnt of the magnet and the other the 
total force of the caith We must therefore, obtain two results, 
the one embodymg the product of the earths total force nto the 
Magnetic moment of the needle, while the other gives the ratio 
between these two quantities 

8 In olcr to detaeaine the former of these let the needle | 
have 21 grcovel whecl of radius r attached to its axle as in fig 
21 anil ova this wheel Jet an accurately known weight W 
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Fig 21 —Dup Circle 


suspended by means of a very fine silk thread The best way of 
doing this 13 to have a thread with two hooks of yrecisely equal 
weight at each end and then attach the pieponderating weight W 
to one of these hooks When this 1s done a new position of equili 

brium will be taken by the needle If we suppose that m denotes 
the magnetic moment of the needle thatt1s the anzle of dip at the 
place, and that 7 denotes the angle which the needle m its deflected 
position makes with the horizon the weighting beimg so made 
that 7 shall be less than 2 then it 1s clear that the necdlc has been 
deflected out of its position of equilibrium through an angle 1-7 

If we call this angle w ani designate by R the total force 
at the place, we obtain the following cquation of equhbnum — 


mRsinwu= Wr (1) 
on the supposition (which 1s very nearly but not stzictly correct) 
that W denotes a constant force at all latitudes 

9 Next, im order to determine the ratio between this needles 
force and that of the earth, let 1+ be removed and employed to 
deflect another substituted 1n 1ts place 
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When using it thus as a deflector 1t should be laid in @ frame m 
an invariable position as in fig 21 This frame 1s at mght angles to 
the line between the two microscopes, and as both pieces move 
together the best plan 1s to turn the whole round until the deflected 
needle 1s visible in the centre of the field of the microscopes, n which 
position 1t 1s of course perpendicular to the deflecting needle By 
always keeping to this arrangement we secure an invariable distance 
between the poles of the two needles Suppose therefore that we 
have employed the needle as a deflector m the above manner, and 
that the deflected needle has thus ben made to assume a position 
re an angle » with the honzon It has therefore been 
deflected from its position of equilibirum by an angle 2-4 (1 denot 
ing the dip as before) calling this angle of deflexion w, we obtain 
the following equation of equilibrium — 

Rainw =mU (2), 


U being a function depending upon the distance of the needles and 
on the distribution of free magnetism in them 
10 If we multiply together cquations (1) and (2), we obtain 


R?sinusmnau =UWr (3), 


mn which wv, % are determined by observation, while W and 7 may 
be regaided as constants 1s, as we have said a function de 
peace i the distance of the two needles and upon the distn 
ution of fee magnetism in them 
The magnetic moment of these needles 1s of course liable to alte 
tion, but if they are cuefully guarded fiom contact with magne 
we may imagine that while their mtensity alters becoming weaker 
for instance, this nevertheless does not sensibly affect the distribu 
tion of the free magnetism within them, im which case the function 
U may be resarded asa constant quantity The results obtamed 
by this method of Lloyds fully confirm this hypothesis regarding 
tf but 1t 1s essential that the two additional needles, the deflector 
and the deflected needle, should have their poles at no time either 
reversed or disturbed 
Assuming therefore the constancy of the quantity U its value may 
be easilv determimed at any base station where the total foice has 
been dcte:mined independently by the ordinary methou 
11 Having thus determined the value of U, or at once of UWr 
(which we may call c), let us carry our instrument to a different 








station and make the requisite observations We thus obtain 
c 
sin Wain % : i) 


As this method 1s specially adapted for high latitudes the dip circle 
employed (fig 21) ought to be one for which the agate supports are 
horizontal so as to admit of the needle being visible when the dip 
1s nea1ly equal to 90° It will also be noticed that, if the deflectin 
necdle have the same temperature when it 1s used in equation (1 
which 1t has when used in equation (2), then m in the one case 1s 
strictly equal to m in the other, and thus no temperature correction 
is rendered necessary 
12 <A slight modification of the method now descnbed 18 some 

times adopted Instead of employing separate weights, which may 
be easily lost, two small holes are bored in the deflecting needle 
near each end ‘The one of these is filled with a suitably heavy 
brass peg when the observations are to be made in the higher 
magnetic latitudes of the northern hemisphere, and the other 1s 
filled 1 a similar manner when the observations are to be made 
near the southern pole In this case therefore we must readjust 
the instrument as we pass from the one hemisphere tothe other A 
shight change must be made in the formula when this method 1s 
adopted, for 1 18 clear that the weight will not now act always at 
the same constant leverage If the weight be called W and its 
leverage when the needle 1s horizontal r, we shall have to modify 


equation (1) as follows — 
mRsintu= Wrcosy : (5) 


Equation (2) will, however, remam unaltered, and hence equation 


(8) will become 
R?sinusinw’ = UWreosn (6). 
It the quantity UWr be determined at the base station and called 


c, we shall have 
R | ccosy 
sinusinu’ ~ : 


(y) Instruments adapted for Travellers by Sea 


13 Azimuth Compass —At sea the declination 1s generally 
observed by means of an azimuth compass invented by Kater 
This 1s exhibited in fig 22 It consists of a name with a 
graduated compass card attached toit At the side of the instru 
ment opposite the eye there 1s a frame which projects upwards 
from the plane of the instrument in a nearly vertical direction, and 
this frame contains a wide rectangular slit cut into two parts by 
a wire extending lengthwise The eye piece 1s opposite this frame 
and the observer 18 supposed to point the imatrument in such 8 


» (%). 
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manner that the wire above mentioned shall bisect the sun’s visible 
dish There is a totally reflecting glass prism which throws into 


af dln a 


tha awa ninan an amon nf the + 


ULUSL LEAL Peau LE GIVISION OF THe Scale Which 1s 1D the Micadle OF 
the held of view He thus obtains a reading of the suns position, 
let us call this 100° From ths 
knowing the geographical post 
tion of his station and the time 
of the observation, he may de 
duceanazimuth , let us imagine 
that this is 70° W Thus a 
reading of 100° corresponds to 
a position 70° W Suppose next 
that the instrument 1s so ad 
justed that when the magnetic 
axis of the magnet 1s between 
the eye piece and the wue the 
reading 1s 0° It 13 thus clear 
that the magnetic meridian 18 
100° removed fiom the position 
70° Ws Let us imagine that the ins€ument 1s so graduated that 
this denotes a position 30 k We have thus obtained the mag 
netic declination If the vessel be at rest the plan generally 
adopted 1s to take the 1eading of the sun when msing ani also 
wl€n setting a mean between the two will give that which cor 
responds to a geographical meridian 

14 Toxs Dp Carcle —Ihis instrument contrived by Robert 
Were Fox 1s more especially useful for observations at sea In 
this case 1 must be placcd on a gimball stand and duly Icvelled 
before commencing the observation The following aie the peculi 
atities of this insttument —(1) the needles have two fine pivots or 
axles whi h are inserted into jewelled 
sockets (2 1m order to avoid parallax 
thue are two graluatcl circles the 
one farther: from the eye than the 
other and when iealing the needle 
the eye 15 to be so placed that pie 
cisely the same reading shall be given 
by both cucles —the tiue position of 
the nee lle being thus obtained (3) 
the e 1s a rubber made of bone or ivory 
and roughened, the object of which 13 
to 1ub 2 prolongation of the sochet on 
the back of the instrumcnt,—the fiic 
tion which this rubbing causes enabling 
the needle to find its true position 
(4) to avoid as much as possible all 
effects due to friction and adhesion, 
the entire socket alrangement may be 
tuned round The axles of the necdle 
are thus compelled to be 1n contact 
with a different set of particles An 
other way of varying the suspension 
1s to use a magnetic deflecting arrange 
ment attached to the back of the 
ap, uatus Suppose that a reading 
of the position of the needle so de 
fl cted 1s now taken Next reverse 
the yosition of the deflecting arrangement, which 1s done by turne 
ing 1 movable cncle attached to this arrangement 180° round let 
the position of the needle be againicad On the hypothesis that 
the ncedle 1s equally deflected on opposite sides of its true position 
im these two observations, the mean reading will gtve the true 
dip ‘Lhe principle of the method of obeying with this cicle 1s 
precisely the same as that alicady described fo1 obseivations on 
shore with an ordinary inclinometer 

15 Fox s I itensity Arrangement 1s merely a modihcation of that 
introduced by Lloyd, and already described in § 7 } 


(8) Differ entval Magnetometers and Self Recording 
Magnetographs 

16 In addition to determinations at fixed intervals of time, 1t 15 
a point of much intcrest and importance to heep a continuous record 
of all the magnctic changes whi take place at a few selucted 
stations Thuis Is accomplished by means of diflerential magneto 
meters It 1s, however, necessary to continuo to use absolute 
mstrumcnts sile by sile with differential magnetomet rs because 
the latter (with the exception of the declination instrument) are 
badly fitted for 1ecording changes of long period, such as the sec ulat 
changes of the houizontal and the vertical force The reason of this 
will presently be seen 








1 A great deal of detailed information regarding instruments for absolute deter 
mination and the methods of observing with them isto be found m the Admtralty 
Manual of Screntyfic Inquiry in an article on Terrestrial Magnetism by Sabine 
and Welsh A treatise on Terrestrial and Cosmical Magnettsm by E Walker, 
may likewise be consulted with much advantage 
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17 Eatly in the history of such instruments 1t sas found that 
hourly observations were exccedingly laborious an rage were 
ma le to construct a set of self recording magnetometas Lhe first 
set of such instruments which were biought mto s\stemati opera 
tion were those devised and constructed by the late Charlcs Broohe 
which have been at continuous work im the Greenwich Observatory 
since 1848 In 1857 John Welsh devised a fresh sct of st If record 
ing instruments, and introduced them into the hew Observatory 
These, with certain shznt mo lihcations, have formed the type ot 
instiuments supplied to a lage number of magnetic observatories 
all over the globe 

18 As we cannot conveniently record changes of dip by a 
differential instrument, ee of vertical force are measured 
instead by a balance 01 veitical force magnetometer We have thus 
una differential system whether adapted to eye observation or to 
continuous ate yhic registrition three instruments, uamely, 
the declination, the horizontal force and the vertical force mag 
netometers or ma,netogsfphs as the case may be The most 
recently constructed inffruments are aday ted both for photographic 
registration and for eye olservation though a telescoye lhe 
advantage of eye obstivations 15 that we see what 15 tahing } lace 
at the very moment of 1ts occurrence, whereas we only obtain the 
photographic record some time after the changes to which it relate 
have actually happene 1 

We shall therefore describe—(a) the three instruments of the Ker 
pattern as adapted to eye obseivations (f) these instruments as 
adapted to continuous registration by photogiaphy (vy) the method 
of determining their scale coefficients , (8) the method of determin 
ing the temperature coefficients of the force instruments 

19 Kew Insti uments—Eye Observatwns —Fig 23 shows us these 
instruments arranged in the relative positions recommendel ly 
Lloyd so as magnctically to mterfere with one another as little as 


———— 





Fie 23 —Kew Instruments 


ossible We are supposed to be viewing the whole from the sout) 
o 1 to the mght 1s the declination mstrument, \o 2 that for 
the horzontal force, and No 31n the distance behind the ccntrai 
pillar (No 4) the vertical force magnetometer Figs 24 29 16 
give us the details of these three instiuments im the same order ay 
above Connected with each instrument there 1s a cucula mur? 
or 1ather two semicncular mirtots, made of perfectly plane glass 
One semiciicular half of each muro: 1s attache! to the magnet 
and moves with it, while the other halt 1» fimly attached to the 
matible slab Each magnet 1s enclosed im 4 gun metal case wit 
windows of perfectly plane glass, cach zun metal cave is covert 
with a glass shade and the whole 1 airtight and apable ci 
exhaustion Each magnet too 1s provided with a copper damyx: 
with the view of cheching its cadallations In fg 23 all be secn 
two pillars of smaller size The mght hand pillar carries 4 tele 
scope, with a scale attached, to record the position of the declination 
magnet The scale 1» reflected fiom the semicircular minor movm,, 
with the magnet, and the position ot this reflected seale as vicwed 
in the telescope indicates the position ot the magnet The o} tual 
arrangement for the other mstruments 1s similar except that the 
vertical force mirror has a horwontal and not a vertnal avis 
The telescopes for viewing the force instiuments are attached to 
the left hand pillar of smaller size 
20 The Declanometer? (fig 24) consists of a magnet about 5 inches 
long suspended by a silk thread freed from torsion as comy letely as 


* For a detailed account of the hew magneto hs, sce Br ttzsh Asgoctatron 
Reports 1859 bas 
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possible To keep the state of the thread constant the glass shade 
should be rendered an tizht, and should contain some substance for 
absorbing moisture, such as chloride of calurum It 18 clear that 
if the state of the thicaid 1emains 
the sume anl if the poner of 
the mignctu axis cf the magnet 
does not chine this instrument 
should record futhfully the various 
chanzes of declination 

The Hot vtal Force Magneto 
mériscxhibitcdin fig 25 Hee 
the ma,net? has becn twisted round 
into a p sition at right angles to 
the mernctic median — It 25 sus 
yenlcd by means of two very fine 
stec] wies some little distince 
apart, and thus the instiument 1s 
often callkid the bifilar ma,mcto 
incter = ‘Lhese wines have the plane 
passing through tha lowu cr 
tremities diflerimg very considau 
ably fiom that of then up: If 
the magnet should sudlcnly lose 
1ts maguetism the whole urange 
ment woul! be twisted round until 
the two plans comadel — Lhis 
difference of plune gives 11% to 4 
couple ten ling to twist the mignct 
round m one direction while th: 
horizontal masnctic force of th: 
caith constitutes an 
equal and — opposite 
couple the two couples | 
kecpins the magnet m _ 
equilibrium ‘Thecouple = 
depending upon the bi 
filat ananzanent may _* 5 ~ 
fo. the picsent be 1e 
garded as constant, that 
depending on the hou EG 2h Decunametes 
vontal force of the earth 1 vauable If the latter increase or 
diminish, the maguct will be shghtly twisted round 1n one ducction 
or the othe 

In the Vertical Force Maynetometer (fig 26), the magnet 18 
balanced by meas of a huafe edge 
resting on an asaite ylamn = By 
meins of two scicws working hort 
gontally and vertially the ccutre 
of gravity my be thiown t> uther 
side of the point of suspension, 
o1 if nay be raised o1 lowered and 
the scnsibility of the magnet when 
balanced thereby imcirased or 
diminishel lhese suews are so 
alranged that there is a prcpondu 
ance of waght towards the south 
side of the miagutt This 1s 
neutralized partly by the magnetic 
force tending to pull the north cnd 
down and partly by a slip of brass 
standing out houzontally towards 
the north side Let us suppose 
the system to be in equilibiium at 
a certain temperature, 1f the tem 
perature 1isc (since brass expands 
more than steel), the Icvurage of 
the weight at the north side will 
increase more than that of the 
weight at the south There will 
thus be a slisht prepondcance 
towards the north, an | 
this may be artanged a a 
so a3 to neutralize toa o- 
greit extent the de 
crease 1u tue Magnctic “ee ee 
moment Raps an in FY. Ss a een 
crease of temperature = 
produces Tee. _ 

21 Magnetoyraphs FU 20 —Horizontal Force Magnetometer 
—The arrangement by means of which these instruments ate con 
verted into self recording magnetostaphs ws very simple In fig 23 
we see a gas flime burning behind a vertical slit and ya ed end 
wise in order to 1ender its lisht more imtcnse Ihe hght from 
this illummated sht passes thiough a1 ns, and being reflected 
from the mirror of the declination mnagnct throvs an imaze of the 


















































1 All the magnets . 
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sht upon some sensitized paper in the central box To speak 
more properly, two images are thrown, one reflected fiom the upper 
and movable half and the other from the fixed half of the mirror 
The sensitiye paper 15 wrapped round a horizontal cylinder (fig 27), 
and the two umigcs are thercfore thrown upon different parts of 





ae 


Fic 26 —Vertical Force Magnetometer 
this cylinder But before reaching the cylinder these two 1m... 
are by means of a hemicylin trical Jens (shown im fig 27) crushed 
up into two dots of light “Phe cylinder moves sound regularly by 
clock work once in twenty four hours, and hence the course on the 
moving paper of the dot of hght which comes from the fixed half 
mirior will be a straight line, while that of the dot from ¢he 
moving half miior will be a curved hne depending on the motions 
Ae magnet When the paper is developed these lines appear 

ac 

The arrangement for the honzontal force instrument 1s precisely 
similar to that for the decliuometer, for the veitical foice it 1s 
somewhat different, the WJummated sht beg honzontal and not 
vertical, while the muror osculates on a ho1izontal axis and not on 
a vertical one, the hemicylindrical lens too and the cylindcr are 
vertical and not hotzontal It was found necessary to put the 
plane of motion of the vertical force magnet 15° out of the magnetic 
meridian for the following reason ‘The axes of the telescopes are 
respectively 30° inclined to the tubcs which go fiom the magneto- 





Fia 27 —Magnetograph. 


meters to the central box, and hence had the vertical force magnet 
swung in the magnetic meridian 1t would have been necessary to 
place the mirror uclined at the angle of 15° to the axis of motion 
of the magnet This was tned, but it was found that im this posi 
tion of the mirror the correction for tempe1ature was so excessive 
that the instrument became a thcimometer and not a magnetometer 
The mirror was thercfore put ma plane passing thiough the axis 
of motion of the needle, the needle beng made to move in a plane 
inclined 15° to the magnetic meridian 

22 Scale Coefficrents of Diferentral Instruments —It 1» necessary 
to know thie value of one division of the scale im the magnetometer 
or of one ineh diflerence in the ordinate of the curve impresscd on 
the photographic paper mm the magnetograph In the dechn ition 
instrument it 1s only necessary to obtain the angular deviation cor- 
responding to one division, and this may be doue at once by a scrics 
of measurements In the horizontal and vertical foru instrumente 
we wish to obtain the value of one division in pirts of force There 
1s more than one method by which this can be accomplished, but 
that of John Allan Broun 1s probably the simplest, and it 18, we 
believe, the one adopted at most of the various observatories pos- 
sessing self recording imstiuments It 1s given in the British 
Assocvation Reports, 1859 

23 Temperature Coefficrents of Drfferentral Force Instruments — 
Bronn has devoted a great deal of attention to the subject of 
these coefficients, and has come to the conclusion that the best 
and most unobjectionable method of determming them w to 
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eompare the instrumental readings on days when the tempera 
ay 18 high with the readings on days when the temperature 1s 
ow 

24 By differential mstruments the components of a force affect 
ing the magnet aie determimed in three duections at mght angles 
to each other It does not, however, follow that this force 1s 
entirely due to changes in the magnetismn of the earth We know 
that certain forces connected with the sun affect the earth s mag 
netism, and on certain occasions at least these forces manttest them 
selves as curients in the upper regions of the atmosphere and in 
tne crust of the eaith Nowsuch cuients will have a direct effect 
upon the needle as well as an induect effect through the changes 
which they may produce in the magnetism of thc caith The total 
influence on the needle will therefore be made up of these two ele 
ments, the one denoting the direct influence on the needle of the 
disturbing force, and the other the indirect influence through the 
change produced im the earths magnetism No attempt has yet 
been goadle to separate the action of these two elements 

25 Self recording instruments after the Kew pattern have been 
supplied to observatoties at the follows places — 


Batavia *Mauztins 
Coimbra (Poitugal) Kolaba (Bombay’ 
Lisbon Vienna 

gp St Petersburg Zi kha Wer (Chima) 
Florence San Fernando (Spain) 
Stonyhurst Potsdam 
Utrecht (declination only) Brussels 
Melbouine Nice 


There are also sclf recording magnetographs of other patterns at 
Toronto, Montsouris (Paris), Greenwich, Wolhelinsharen (?), Cape 
Horn and Havana (?) 

We understand that Professor W G Adams 1s at present 
engaged in making a comparison of simultaneous cuives from vari 
ous stations of these hsts 
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26 Magnetic Polcs of the Earth —In the article MAGNETISM 1t 
has been shown that Dr Gilbert of Colchester had at a very early 
period giasped the important truth that the cartn 1s a magnet a 
truth which was afterwards mathematically demonstrated by Gauss 
It was reserved for Halley the contemporary of Newton to show 
that the earth must be regarded as having two poles in the northern 
and two poles also in the southern hemis} here, so that, unlike 
ordinary magnets, its magnetic system | as four poles altogether 
Before proceeding futher 1t will be desirable to state what 1t was 
that Halley actually did and what are the conclusions to be derived 
from his investigations It has been remarked by Professor Stokes 
that while in an ordinary bar magnet we my practically regard 
the pole as having a physical reality and as being the cause of well 
known attiacvions and repulsions, we are not entitled a prior to 
assume that a pomt of maximum force m a large spherical magnet 
like the earth must necessarily be the seat of attractions and repul 
sions after the same manner as the pole of an ordmar) bar magnet 
It 1s to be determined by observation to what extent the earth 
actually preserves an analogy to an ordinary magnet Now Halleys 
conclusions wee derived fiom the pointing of the declimation 
needle, since in his day there were no observations possible on total 
magnetic foe He argued that there are two points or poles im 
the northern hemisphere to which the needle appears to be atthacted, 
one in the upper region of Ametica and one above Siberia So far 
this conclusion 1s hardly anything more than a formal one derived 
from the grouping together of observations He asserted thot these 
would be as they aie known to be if we imagine two such poles or 
foci of force each exercising a causal influcuce on the magnetic 
needle And the justification of Halley s way of regarding the earth 
18 found in the fact that when foice obseivations came to be made 
two such foci of force were actually found to exist We do not, 
however, mean to imply that these foci have causal properties 
exactly similai to the poles of a bat magnet, for this 1s not the 
case 

In order tv exhibit the process of reasoning which led Halley to 
his conclusion Ict us fist imagine that the eaith has only a single 
pole or force focus in the northern hemisphere, au} that this 1s 
coincident with its geographical pole then, assuming that this 
pole has 2 causative influence on the needk 5 declination we should 
ead a all needles to point everywhere due north If however this 
pole be not coincident with the north pole of the earth let us diaw 
a median circle passing through the magnetic pole and complete 
it round the earth so as to divide the earth into two halves At all 


1 We are indebted to Mi Gordon—and to his publ shers Messrs Sampson Low & 
Co who have obta ned them for us—for the sketches of the instruments for 
absolute determinations with the exception of that of hater scompass for which 
we are indebted to Mr J J Hicks For the sketch of the self recording mag 
rae phe together and In detall we are indebted to the Kew committee and to 
Mr Whipple, director of the Kew Observatory 
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ints 1n this meridian circle the needle might be expected to point 
ane north, while m the one half of the earth so divided it should 
vont to the east and in the other half to the west of truc north 
th the next place let us :mayine that the earth has two north mag- 
netic poles or foci of equal strength, both being at the same latitude, 
while their dificrence in longitude 1s 180°, and Jet us draw a com 
plete circle of meridian  assing through these poles (fig 28) Let 
us start from a pout im this cnicle 
under one of these poles and pursue 
our journey eastwards along a circle 
of latitude At first the needle will 
point due north As we move east 
wards the needle will pomt west 
waids to the pole we are caving 
until we come to a region half way 
between the two poles, where 1t will 
be equally solicited by each, and 
will thseois again point due north 
Let us call the space we have travel 
led over since we set out AAs we 
proceed the needle will now be under 
the predominant influence of the 





Fig 28 
second pole to our right, and will therefore point to the east 


until we arnve at the meridian undcr the second pole This second 
space which we have travelled over let us call As we proceed 
we pass through a space C where the needle again points to the west 
until being once more equally influenced by the two poles 1t will 
point due north Afte: this we pass through a space D of easterly 
variation until we arrive once more at the point from which we 
started 

Thus there are now four spaces instead of two, and these are 
shown in fig 28 where the centre of the circle represents the north 
geographical pole of the earth and its circumference the equator 
If pole 2 be inferior in power to pole 1 the spaces B and C will be 
smallcr in size than 1 and D 

27 his last 1s an arrangement of things that agrees very well 
with the results of obsers ation, if we add that the two poles are not 
precisely 180° 1emoved from one another in longitude Tig 30? 
represents lines of equal magnetic variation in 1852 There are two 
lines extending throughout both hemispheres at all points of which 
there 1s no variation and also an oval shaped district in the 
northern hemisphere throughout all pomts m the cucumference of 
which we have no variation These facts are inconsistent with the 
pe ebeaniy of a single pole but they are quite consistent with that 
of two poles or foci of torce one in northern Ametica an] the other 
in northern Asia the former being stronger than the latter In 
order to see this Lt us take our stand at the great line of no varia 
tion watch passes through North America and travel eastwards 
We are just south of the Ameiian pole or focus, while the Asiatic 
pole or focus 1 nearly 180° off and hence the needle pots due 
north As we proceed eastwaids we leave the American or strongest 
pole to the westward of us, and hence we have a region of west 
variation which we have agreed to call A As we begin to approach 
the erstern sile of kurope we get nearer the Asiatic pole or focus, 
and at length the line of no vatation 1s reached, the tendehey of 
the American pole to pull the needle to the west bemg balanced by 
the tendency of the Asiatic pole to} ull 1t to the east After this, 
easterly variation predominatcs throughout a region B until at 
length we come to a point 1 the western boundary of the oval where 
we may imagine ourselves to be directly south of the Asiatic pole, 
while the American pole is neatly 180° distant, once more the 
needle points due north As we still travel eastwards we leave the 
Asiatic pole, which 1s now the predominant one, to our left, and 
hence we have here a region C of westerly declination At Jength 
we come to the erstern boundary of the oval, where the tendency of 
the Asiatic pole to pull the needle to the west 15 balanced by the 
tendency of the Amciian or stronger pole (acting now towards the 
right) to pull it to the east, so that we have once more a pot of 
no vatlation After this the Ametican pole predomimmates, and we 
have a large region D of easterly vamation until we travel round 
once more to the pomt from which we started 

28 This train of argument i1tccives, as we have already men 
tioned, corioboration fiom the fact that in the map of total force we 
perceive two foci of maximum force, one in northiers America and 
the other in northern Asia that mm America being the strongist 
This evidence was not however mm eustence at the time of Halls 
and his hypothesis of two poles does the greater credit to his 
sazacity, masmuch ashe had to deduce it trom a c¢mpataticly 
small number of observations of declination anu dip, those of force 
being altogether wanting 

29 We have hitherto spoken of two poles o1 more properly, 
Joc of maximum force, the positions of which ae of course 
pointed out in fig 29, but we have secn that the eustence of such 
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3 We aie indebted for the admirable charts given in figs 29-32 to the kindness 
of the hydrographer Captam ‘ir Frederick Evans who im order to save time, 
allowed us to make use of the informati n he had embodied even before it was 
officially published, and who likewise placed his plates at our disposal 
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foc: was first conjectured from the bchaviour of the lines of 
variation or declination Now + will be noticed by locking at the 
variation may (fz 30) that all the lines of equal magnetic varation 
appear to convcr,,c toa yomnt in the eatreme north of the American 
continent Tis joint 13 not however comudent with the chief 
focus of force whi h li s decidedly to 1ts south but it 1s no doubt 
somcident with the yoimt denoting a dip of 90°, the locality of 
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which may be inferred from the map of magnetic dip (fig 81), and 
1t 18 hkewise no doubt coimcident with the position of a zero of 
horizontal force which may be inferred from the map of horizontal 
force (fig 32) Thus we have a point to the extreme north of 
America which has the following properties —(1) the various Innes 
of declination converge toit , (2) the needle points vertically down 

wards at 1t, and (3) the horizontal force vanishes at 1t At this 








Fig 29 —The Earth s Magnetism as shown Ly the Distribution of Lines of Equal Total Force in Absolute Measuie (British mules), with the 
Position of the Magnetic Poles and Equator —approximately for 1875 


point therefore the hoiontally balance! nee lle having no hori 


zontal force acting won it will yomtin any Inection 


This p int i strictly sjcakin, the pol f rertuety but inas 
much as there 15 01 ly one such} ont in each hemisy here these may 
for convenience sal c Le terme | the ma,netic ] oles so that we s} eak 

_... Centres or foci of maximum force ani one pole in each hem 
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In the northern hemisphere Sur Frederick Evans! assumes the 
stionger or Amcrican focus to be m °2°N and 90° W and the 
weaker or Siberian focus in 70 N and 115° In the southern 
henusphere he assumes the position of the stronger focus to be 65 
S an1140°E and of the weaker focus probably 50 S and 130°E, 
these bemg thus not far separated from each other or from the 
magnetic pole The nearness together of the southern foci 1s prob 
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Fic 30 —Lines of Equal Magnetic Vanation, 1882 


ably the reason why the total force 1s greater at the southern than 


it 18 at the noithern foc 


The magnetic pole (of vertiity) m the northern hemisphere was 


reached by Sir James Ross in 1831 The position of vertical 
was observed by him to be 70°5 N and 96°43 W = The magn 
pole (of verticity) 1» the south re hemisphere was nearly ittai 


by the same navigator 1n a voyage made in 1839-48 —_ Its position 
1s probably 734° and 1473° he x 
he line of no dip 1s called the magnetic or dap its 


equator—: 
dip position 1s given in figs 29 and 81 The line connecting all the 
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ned 1 Elementary Manual for the Devtatvon of the Compass wn Iron Ships. 
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points where the magnetic intensity 1s least 1s called the dynamic evidence to show that either the pole of verticity or the centre of 

equator It comcides very nearly with the dip equator force to the north of America has perceptibly change its place, 
30 Secular Varution —The earth then as a magnet must be there 1s on the other hand very strong evidence to show tl at we 

supposed to have two sets of centres of force We shall next havea change of place on the part of the Siberian focus and also on 

attempt to show that these centres cannot be regardelas constant the part of its analogue in the southern hemisphere 

both im position and intensity TableI (p 166) given by Gilpin (Phil Trans 1806) exhibits 
It should be premised that, while there 1s no well established the change in the position of the needle in Great Britain from 
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Fig 81 —Liies of Equal Magnet c Dip 1882 


the earliest obsertations up to the Leginnin, of the present | for instance the line of no vanation depending on a balance between 
century it ani the An ciican fucus—s} 0111 be iawn in tov arls it or they 

31 | etween t} e dates recor led im tl 1s table tle nee lle has bee: | should travel westwarls but if the latte: sup) osition 1s true or 
pointin,, n ore and more to the west whi hamph s eit} ex arelative | th» fo us las teen moving eastwar ls wl ile retan 1 g its force the 





1n reason tle yoy e1 of the Amenican as conjar d to tle Silenan | nes iv tl e east ofit sl ould Le found n ov, eastwaidsalso There 
focu or a motion of tl e Siber a1 focus fiom west to erst Onthe iw stiorg evilene that tle latte: w the case and thit in the 
mst $1] osition the lines to tle eastward of tle Siberian focus— northern }] emisy here there has been a long continued 1 rogression 
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Fria 32 —Lines of Equal Horizontal Force 1882 


to the eastwards of the system of magnetic lines on both sides of at Bushey Heath (Herts) duimg 1817 20 ani at hew from 1898 

the Sibeman focus In the southern hemisy here also we lave yroof to 1882 

that the analogous focus has been travelling not from west to east It would aj pear from Table II that the matmmum westerly 

but from east to west declination was reached in 1818 and that the nec Ie has since that 
82 There is some reason to believe that the eastward motion of date been travelling eastwards A similar change has takcn place 

the Sibenan focus has been recently reversed and that it1s now ————— 

going from east to west Table II shows the declination obsurved 1 Taken from Walker s Magnetts 
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at other stations, and, althou,sh these changcs are not strictly change has probably taken place in the movement of one set of ths 

simultaneous at the vaiious stations they have yet beensufhiciently magnetic foci of force 

genoral and near together in point of time to indicate that some 33 Halley sought to explain the four pole theory and to account 

TaBLE I] —Changes of Declination in England —at Bushey Heath 
for 1817-20, and at Kew from 1858 


TaBre I —S culur Change of Variation in Great Britain 































Vean Annual 

Observer Date | Decl ation Westward Declination West Declination West 
Cl ange eet 
Punt ahs 1580 | 11 157 75 
Gaunt 1 1622} 6 OE 95 
Gc rind 1634; 4 6h 106 
Bon 1 1657} 0 OL 10 2 
Gellibrand 1665 1 22W 97 
Hallcy 1672 | 2 30W 105 
Halley 1692; 6 ON 16 0 
Graham 1723 | 14 17W 81 
Grahim 1748 | 17 40 W 8 4 
Hebeidcn 1773 | 21 9 93 
Gilpin 1787 | 23 19 W 47 
Gupin 179) | 23 57 12 
Gilpin 1802 | 24 66 07 
Gilpin 1805 | 24 8W 
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TaBLe IV —Lehabiting certain Years’ Values of Dip and Horimontal Force at Various Places The years wn this Table are from 
Apri to April thus 1845 means the year from 1st April 1845 to 81st March 1846 


Lor don or Kew Hobart Town Cape of Good Hope 





Dip Nor Force 





1857 |68 2487! 1857 | 37899 | 1845 1751550! 1845 | 35476 | 1842 | 70 422) 1846 | 4 5054 | 1841 
1858 | 68 22 .6| 1858 | 37950 | 1846 75 14.8! 1846 | 35419 | 1843 | 70 382} 1847 | 45001 , 1842 | 531 
1859 |68 2141} 1859 | 38007 | 1847 701500 1847 | 35384 | 1844 | 70 883 | 1848 | 44991 | 1843 | 58 2 
1860 | 68 19 29; 1860 | 38063 | 1848 75 1832, 1848 | 35339 | 1845 | 70 320; 1849 | 44997 | 1844 | 58 2 
1861 |68 1742, 1861 | 38121 | 1849 751894] 1849 | 86367 | 1846 | 70 330] 1850 ; 44998 1845 [53 2 
1802 |68 1489] 1862 ! 38105 | 1850 751998] 1850 , 35322 | 1847 | 70 345 | 

18t3 |68 1171} 1863 | 38216 | 1851 75 2042) 1851 | 35299 | 1848 | 70 307 

1864 {68 931] 1864 | 88284 | 182 7 2052! 1892 | 35184 

1865 {68 850! 1860 | 383(6 
1866 |68 544] 1866 | 3 8391 | 

1867 |68 262] 1867 | 38467 
1868 |68 213] 1868 | 38493 
1869 |68 041] 1869 | 38551 
1870 {67 5798! 1870 | 38580 
1871 | 67 5612! 1871 | 3 8640 





1872 | 67 5360) 1872 | 38712 
1873 | 67 5119) 1873 | 8 8777 | 


1874 | 67 4964! 1874 , 38828 
ee ee ha, vos tape ts ee oh 
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for the secular change by imagining a solid globe or ferella,! con 
centric with the earth but rotating independently of the external 
shell and having a slightly different period of rotation,—the shell 
having two poles and the terella two others While continuing to 
admire Halley s sagacity, we shall not now be disposed to allow such 
a constitution of the interior of the earth, but will rather be led to 
look to some external influence as the cause of the secular \ a11ation 

While we have strong evidence that the Siberian focus has changed 
its position, we cannot assert that the American focus has been 
absolutely stationary, or that neither focus has experienced any 
changes of force On these points we must be content to be guided 
by observation alone 

34 It has been supposed by some magneticians that 1¢ 18 possible 
to compute with something like certainty the particulars of the 
motions of the magnetic foc. Hansteen more especially (1811-19) 
computed both the geographical positions and probable periods of 
revolution of this dual system of foc: of force round the terrestrial 
pole Su Frederick Evans has discussed in connexion with the sub 
ject all the most recent obsetvations,? and points out two objections 
to any such theory as that of Hansteen, viz, (1) that, while a mag 
netic turning pornt has been reached in certain regions, there are 
large portions of the earth in which*this change has not yet been 
accomplished, and (2) that in certain districts of the earth very great 
changes in force have taken place ‘‘If we turn, he says, “‘to the 

tinent of South America and its adjacent seas, we shall find a 

diminution of the intensity of the earths force now gomg on in a 
remarkable degree An examination of the recent observations 
made by the ‘Challenger officers at Valparaiso and Monte Video, 
compared with those made by preceding observers, shows that 
within half a century the whole force has respectively diminished 
one sixth and one seventh,—at the Falkland Islands one ninth 
On the whole, while there 1s strong evidence that the Sibei1an focus 
has until recently been travelling eastwards, and 1ts analogue west 
wards, and evidence less conclusive that recently a turning point in 
this motion has been reached, we are disposed to think with Sir 
Frederick Lvans that a formal theory like that of Hansteen does not 
agree with recent observations We shall revert to this subject 

35 In Tables III and IV certain yearly values of dechnation, 
dip, and hoiizontal force are given foi vatious stations 


INEQUALITIES IN OR CONNECTED WITH TEPRESTRIAL 
MAGNETISM DEIENDING ON 1HE SUN 


36 As there 1s a marked likeness between the ways in which the 
sun dominates over the two great divisions of terrestrial phenomena, 
meteorology and magnetism, let us endeavour to describe the 
suns effect upon the latter by referrmg to its influence on the 
former, the chief peculiarities of which are well known to all We 
find that the temperature of the air at a given station 1s subject to 
a diurnal fluctuation having 1ts minimum value shortly betore sun 
rise and 1t8 maximum eally in the afternoon We tnd likewise 
that the meron temperature for the day as well as the amplitude of 
this diuina. oscillation depends upon the season of the year, both 
being greatest about midsummer and least about midwinter ow, 
wf this weie the only manifestation of sola: influence upon this 
eased element, it would be possible to predict the temperature 
or any hour of any day once the mean temperature, the diurnal 
variation of temperature, snd the modification of these for different 
seasons of the ycar had been well ascertained But this amount of 
regulanty 1s very far from taking place,—the march of temperature 
being fiequently mterrupted, cloaked, perhaps even reversed, by 
the advent of peculiar weather: Thus we may have very cold 
weather 1n midsummer and very warm weather in midwinter, or 
we may have a very cold afternoon and a very warm early moining, 
by which means the ordinary conditions of temperature will be 
completely reversed In hke manne: weather interfcres even toa 
greater extent with the diuinal oscillation of the atmospheric 
pressure so that, in British latitudes it least, 1t 1s only possible to 
obtain this correctly by means of a long sexes of observ ations 

Weathei, however, does not consist of a perfectly lawless inter 
ference with pleat henomena, but 1s subject to laws of its own, 
some of which we are begining to discover Sometimes weather 
may exalt or depress the diurnal fluctuation of temperature without 
otherwise affecting its character, but sometimes too tho tuning 

ints and the general appearance of this fluctuation we greatly 
Influenced by peculiar weather 

37 Now 1¢ 1s believed that we have something of this kind m 
those fluctuations depending on the sun to which the elements of 
terrestrial inagnetism are subject Let us take the declmation 
as the most casily studied of the three magnetic elements, and 
suppose that we are engaged in considenng the traces denoting the 
fluctuations of declination as derived from a set of self recording 
magnetographs in Great Bmtamn Here we shall at once be able to 
recognize in an unmistakable manner the diurnal variation depend 
ing upon the position of the sun, mm virtue of which a treely- 


3 In his lecture to the Royal Geographical Society March 11, 1878 
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suspended magnetic needle reaches the easterly extreme of its range 
about eight m the morning, and the westuly about two in the 
afternoon We shall lhkewise perceive that the range of this 
diurnal fluctuation 1s greatest at midsummei and least at mid 
winter In fine, the characteristics of this fluctuation de} ending 
as they do anes the hour of the day and the season of the ycar 
are not very diflerent from those exhibited in the diurnal fluctua 
tion of atmosphcric temperature But, however thoroughly we 
may have ascertained the mean declination and its diurnal oscilla 
tion, as well as the modihcations of these depending on the season 
of the year, we shall nevertheless find it 1mpossible to predict the 
exact position of a fieely suspended magnet at any moment of a 
particular day Here then too we have something which may be 
called magnetic weather, and which interferes with the mgular 
progress ot the systematic fluctuations of the magnet Magnetic 
weather has, lke its meteorological analogue, a set of laws of its 
own, some of which we are beginning to find out Sometimes 
magnetic weather may exalt or depress the diurnal finctuation of 
declination without affecting its character, but 1t 18 rmagincd that 
at other times the tuning points and gcneral aj pearance of this 
fluctuation may be greatly influenced by peculiar magnctic wcather 

38 There is, however, a kind of magnetic change whch, so far 
as we know at present 1s not analogous to an} thing in meteorolog- 
and introduces an additional element of completity mn any attem) t 
to analyse the fluctuations of terrestiial magnetism We mean tlc 
well known magnetic disturbances or storms which occur simul 
taneously in places very widely apart Under these circumstances 
it becomes a question how we can best deal in a practical manner 
with this complicated system of things 

We do not think that with our present knowledge any better 
system can be adopted than that first introduced by Su Edward 
Sabine in his discussion of the results of the colonial magnetic 
observatories Suppose that we have homly magnetic observations 
at a station, then first of all we should arranze these into monthl} 
groups—each hour by itself We should then reject as disturbed 
observations all those which differ by more than a certain amount 
from their respective normals of the same month and hour,—the 
normals bemg the homily means 1n each month after the exclusion 
of all the distuibed observations ‘This method enables us by its 
exclusion of disturbances to ascertain with much accuracy the true 
form of the solai diurnal yanation of the magnetic elements at a 
given place conesponding to every month of every year, provided 
only that the observations are sufhciently numerous On the other 
hand 1t will probably fail in accurately giving us the valiations fiom 
day to day of the 1anges of these diurnal fluctuations caused by the 
advent of peculial magnetic weather, —inasmuch as the records of 
the extreme effects of such weather will probably be cut off from 
the undisturbed observations and rechoned among the disturbances 

Foi instance it is known that the solar wnfluence on teriestrial 
magnetism varies trom year to year, and 1t 1s suspected that there 
aie also short period fluctuations of solar influence It would not, 
however, be + safe proceeding to attempt to estimate numerically 
this last mentioned element of fluctuation by taking the successive 
diuinal ranges of those observations at any station, 1echoned a» 
undistuibed by the above process, and 1 lotting them as successive 
odinates of a curve, and then suy posing that this curve would give 
us a tiue giaphical representation of solar changes It would 
1ather probably represent such cl enges with the tops and bottoms 
ot the larger fluctuations cut off But if the undisturbed observa 
tions fail in this respect we can hardly be wrong mm suj posing that 
there has been eliminated from them, as far as possible al) influence 
due to magnetic storms, and hence that they wall aflord us a inuch 
better mcans of estimating small fluctuations, such, for instance as 
those due to the moon, than we could have had without their aid 

Finally, with regard to that portion of the observations scle ted 
as disturbed, we are probably not certain that everv such obativa 
tion represents a true distuibince, or that the absolute times of 
occurrence of the vatious obserations selected as disturbed at one 
station will be the same as those at another Neverthelss Sir 
Edward Sabine has shown that at the hew Observatory certain laws 
of distur bance deduced from the whole body of observations st lected 
as disturbed are closely reproduccd when this selection 1s made on 
a nariower basis—ninety five days of prominent disturbance aa. 
alone taken With these picfatory remaths we shall now procee 
to discuss the diurnal mequality of terrestrial magnetism 

39 otal Diurnal Inequality Defined —It will be secn further 
on that disturbed as well as undisturbed observations are subject to 
a diurnal vanation, but these two vanations aie different and the 
name diurnal enequality 18 generally given to the compound sana 
tion which 1s the joint resultant of the two solar diurnal 
vervation is that portion of the compound inequalits which reters 
to undisturbed observations, while that which refers to disturb- 
ances has received the name ot disturbance diurnal tariafion = It 
would appear that m the United Aingdom, and perhaps through 
out Europe, the total diurnal mequality 1s not very greatly 
different either m character or range from 1ts most important 
component the solar diuinal variation, at least so far as the 
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declination 1s concerned When tho diurnal oscillation of a freely- 
suspended magnet wis first observed, the subject of magnetic 
disturbances w1s not undeistood and the early individual deter- 
minations which have been handed down to us are not such as to 
justify the expenditure of any vary great labour upon them for 
the purpose of se arating the disturbed from the undisturbed obser 
vations Inasmuch, however, 38 the total diurnal imequahty of 
dechination (which 15 in 1eality the element given by these early 
observ itions) docs not giertly differ trom the solar diuinal vata 
tion, we may with much justice and little risk of error give the 
history of thesc caily observations 11 connexion with that of the 
soir diurnal variation of dechmation which 1 by far the best 
known and perhaps the most 1mportant, of all the yarious magnetic 
chinges produced by sola: mflucnee 

40 Solar Diurnal Variation of Declinaticn —Griham, an instru 
ment makcr of London, discovered mm 1722 that a fieely -suspended 
inazmetie necidle 1s subject to a diurnal oscillation of definite char 
weter! The next observer was Canton who im 1706 began a sees 
of nearly fo thousind observations which he communicated to the 
Royal Society on December 13 1759, an from which he concludes 
that the ran,zc of the diurnal variation 1s gieater in summer than in 
wintr Macdonald s observations at Fort Marlborough in Sumatra 
in 1795 (Phil Trans , 1796) ind Duperrey s in the tropics m 1825, 
were yerlaps the first that nmght lead us to conclude that the 
unphitude of the diurnal oscillations of the needle 13 less in the 
tropics than m imiidle latitudes and that the motion of the needle 
in the southern hemisphere 1s m the opposite direction to that in 
which it moves in the noithan hemisphere at the same how 

41 Sound In gualty —The existence of these early 
obscry itiows had kd some magnet: 1ans prematurely to conjectwe 
thet thae must be a line somewhere near the equator at which 
there 15 no hoary yanation i declination In 1847 Sabine com 
municate 1 tc the Roval Society the 1csults of five years obse1s ations 
at St H lena, she wing that at that station for the halt of the year 
bezimning at the vernal and ending at the autumnal equinoa the 
motion of the needle conresponds neuly to thit in the noithermn 
hcnusphere, whilst tor the other half 1t corresponds nearly to that in 
the southernhenisphere = Salineafterwardsconfirmed and evtende 1 
his conclusions 1¢ 711 ding the semiannual unc quality by discussing the 
results obtained at the various ¢ lomal magnetic observatories More 
recently as the result of twelve yours obsers ations at Tievandium, 
at an obsciyatory establishe 1 by the 1ayth of Diavancoie John 
Allan Broun gave mm a very comylcte form the laws of change 
of the solar dimmnal varntion of magnetu declination new the 
equito1 showing the cxtinction of the mean movement ucar the 
equinor 

42° Perhaps the best way of exhibiting what really takes place 1s 
the following, which 15 that 1lopte l}\ Sabine 

The i an annual valuc of the sclar diurnal ¥ wiation 1s of what 
my be calle 1 the northerly tyy¢ in places of middle latitude in the 
nol thern ae and of ah it my be called the southerly type 
in places ot middle latitude m the southern hennsphere Now let 
us take a northern station, and consida: the mean form of its solar 
dium) variation for the si. months bezimming with the vernal 
equinox Here we shall hive in os lation of the northaly type 
with a ransc gicater than the annual range = T'o1 these «1x months 
therefore we may imagine that the annual rine has been supple 
mented by the suy ery csition on it of avarlition with a tyy¢ simular 
toitsown At the same Stition duiing the other six months the 
solar diminal vurition is loss than the mcin of the year, 2 1f the 
annual vation hid been depressed by the superposition on it of a 
varition with a type the opposite of its own thats to sw, with a 
sutherly type At a station in the southern hemisphere again, 
the mean annual foim of the sola: diuinal osallition 15 of the 
southerly type, rcducul durins the 91x months besinning with the 
vernal equinox |} the superposition on 1t of a vanaticn of northerly 
tye, and ineicased during the other six months as if by the super 
position of a yanation of southely type  Lhus when the sun 1s 
north of the equitor we may supcrpose a vallation of th northerly 
type upon both hcmispheres, with the eflect of carcasmz the ran se 
m the northan hemiyy here and diminishing 1t m the southern, 
and while the sun is south of the equator we miiy suy cry os a varia 
tion of the southan tyy° upon both hennsphecs with the cflect of 
dimmishing the range in the northemm ind mcreasin, it m the 
southern hemisphae 

Near the eyuito: as at Trevandium whae Broun mide his 
observ tions, we tml the mean annual vilue of the solar diurnal 
variation to be extremely smal] if not alto cth r evancseent 
During the s1x months beginning with the vernal ¢ yuinoy the type 
1g entirely northerly, while for the remunimg s1\ months cf the year 
it 18 entnely southerly im chaacter In finc, at this station the 
solar diurnal yaniation changes its chuact at the equimoxes, 
which time we have, as aliculy obse.  * xtinction of the mean 
movement,—not mdeed an absence of av uiition, but rathcr a 


1See Walker Terresirtal and Cosmtcal Maqnetism 
3 This is the name used by Sabiue but 1ts appropriater 
«nestioned 
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variation having an undecided character, which for a few days may 
be of one type and then of the very opposite There 1s movement, 
but no mean movement 
43 In the following table (V ) the solar diurnal vanation 18 
given for Kew, Trevandrum, and Hobart Town Of these 
laces the first denotes a station im middle latitude (northern 
emisphere), the second an equatorial station, and the third a 
station in middle latitude (southern hemisphere) 
































































E héw Tievandrum Hobait Town 

a 

os ace 

a 

£2 ae Oct Whole pe pre Whole ont Ot Whole 

< | Sept March Yeat | sort {March | YF |) Sept |Btarch | 22! 

o |—615|~412/-—-513 —130/ +007 | —061 || +0 05 | 4.2301 +135 

1 | —742| —4% |]—619 —12)/ +035] —045]/ +210] +485 | +350 

2 |—694| —467)—5 51 ;—-08 | 405¢ | —015 1] +315] 4595 | +455 

8 |~5 21|—33)|—493 |-03) +061 / 4013 ]] +330] +550 | +440 

4 |—325}—-195/—7€0 4003 +4053] +028 || +240} +430/ +335 

5 | —147| ~105}—12¢ |+01> +033] +024 |] +130} +270 | +200 

6 |—032|-04¢/—03) 400 +4022] +013]! +075/41°5!| +4115 

7 1+022| 4021/4072 —01), +023] +004|| +0 90| +090] +050 

8 | 4044/4092) 4068 —0¢+! +019} —00 {|—0 0| +030| +000 

9 {+0521 4145/4009 —0 8| 4013! —008]] —0 8 | —029| —0a5 
+0 0141771 +124 —020] +009] —006'| —110| —070| —090 
+090] +184] +137| —007{| +010] +001 |] —1 15} —0 8 | —100 
+119 | +167} +143! +007) +011] +009 |] -110| —080| —O 95 
+123} +144} +129, +018} +008 | +018 || —075} —07>| —0 7% 
+156} +122] +1 39} +027/ 4002! +015 |~040'—070/ —0 5) 
4+1931+10)/ +101 +0 9}/—011/ +00) |-015 —of>| —040 
+258 | 4117] +18) +0 31|—0 28/4002 |—002 —078 | —-040 
+3 60| +143} +42 1' +0 19| —045 Ha —010 —140| —075 
+4 99} 4104/4307] +102] —06¢ +018 |] —0 23 ; —2 37| —1 00 
+031] +18 | 4308 +143/—081) +032 |—050! —350| —215 
+5 20} 424014390, +170] —0/2/} 4024 || -12 —52)>| —825 
4357 | 4999|+429.| +047 | —0 36] +006 || —210, —»o30| —370 
+033] +0 5414046; —0 32/—013] —092 | -220| —380| —3 00 
~—3 18 | —218] —2 68} —093 | —0 07 —050| —140 | —080| —113 





In this t ble deflexions towards mignctic eist are reckoned positive deflexions 
towaids magnetic west negative The scale 1s in minutes of arc 

Also im fiz 38 we have a graphical representation of the solar 
diurnal vaiation fo. the wholc ycar at these three stations, from 
which 1t will be seen that the range at Ticvandrum is extremely 
sm ill, and that the curve for Hobart Town 1s opposite im appearance 
to that at Kew 


a 
KEW 


Fig 33 


Finally, in fig 34 we have a graphical representation of the sem1- 
annual inequality or difference from the whole y cars mean of the two 
half yearly means of Table V , the one half year (that with thick 
lincs) commencing at the vernal and the other at the autumnal 
equinox Jt will be seen fiom this figure that the semiannual 
inequality 1s of the same character in both hemispheres, the lnkeness 
extending even to 1ts minor peculiarities 

44 Change from Month to Month —Charles Chambers, director 
of the holaba Observatory, Bombay, rcmarks (Zrans Roy Soc , 
December 10, 1868) that “‘the regular progicssion from month 
to month in the diurnal vanation 1s 50 distinctly shown im the 
Bombay observations as to lead, on a first mspcction, to the 
supposition that the law of vaiiation 1s identical throughout the 
veat, the extent only (cluding a 1evc1sal of direction) varying from 
month to month Batin this respect a diflercnt exposition of the 
character of the variation in diffrent months shows that the 

ist thought would be macumate He then proceeds to discusa 
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at length the monthly values of the solar diurnal vanation at 
Bombay Broun has likewise (Trevandrum observations) discussed 
at length the solar diurnal vanation at the Trevandrum Observa 
tory It would hardly be of service to reproduce here the results 
of these discussions, but when such analyses become sufficiently 


HOBARTOWN 


Fig 34 


extensive they may be expected to throw light upon the cause of 
the solar diurnal variation 

In the following table we have mean monthly values of the declin 
ation range at the Kew Observatory corresponding to forty eight 
points im the year—derived from sixteen years observations — 


TABLE VI —Contarning Monthly Mians (unit=22 04) for Forty 
eight Points wn the Year of the Kew Solar Dwurnal Declination 
Ranges Thus January (0) guves the monthly mean of which the 
muddle date 1s the very commencement of the year, January (1) 


that for one week after the commencerrent, and so on 






Sept (0) 
(1) 





June Oct 





July Nov 


It will be seen from this table that while we have a maximum 
about the summer anda minimum about the winter solstice we 
have unmistakable indications of maxima at or about the equinoxes 
This does not take place at a tropual station such as Trevandrum 


45 Behaowur near the Magnetic Pole —Figs 33 and 34 exhibit 
the most promment features of the solar diuinal variation of declina 
tion in the extra tropical regions of the northern hemisphere If 
an observer stand over the centre of the needle and look towards 
the marked end, or that which pomts to the north he will perceive a 
deflection towards his right hand which will reach its eatreme about 
8 aM and adeflexion towards his left hand which will reach its 
extreme about 2 PM But are these dcfletions to the mght and 
left hand of geographical or of magnetical north? This question 
has been answered by Sabie in his discussion of the results of hourly 
observations of the magnetic declination at Port hennedy (Phz/ 
Trans , 1863, p. 660) his station 872° 0 49 N lat and 94°19 
W long, and here the maiked end of the needle while it points 
towards the magnetic pole points in reality about 35° to the west of 
south Now the maiked end of the needle when viewed at 8 a M 
is seen at Port Kemmedy to have moved to the geographic west 
but to the magnetical east It would thus seem that throughout 
the extra vi aes regions of the northern hemisphere the 8 a 3 
deflexion of the needle 1s always towards the magnetic east but not 
always towards the geographical east, while the deflexion it 2 P ¥ 
will always tend towards the magnetical west but not always 
towards the geographica) west, In fine the oscillations have 
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reference to the noth magnetic pole of the earth and not to the 
north geogray hical pole No observations of this nature have teen 
made 1n the southern henusphere 

46 Long Pertod Inequalities of Declination Range —\t was first 
observed by Lamont that the yearly values of the diurnal range of 
magnetic declination at Munich presented signs of a long period 
variation In 1852 Sabine (Phil Trans, 1852, p 103) showed 
that this mequality corresponded 1m 1ts progress with that of the 
frequency of black spots on the surface of the sun 

he existence of black spots on the disk of the sun was lonz ago 

known to the Chinese In Emoje they were fist scientifically 
observed after the invention of the telescore and 1t was deduced 
from their behaviour that the sun revolves about his axis in about 
twenty sixdays HofrathS hwate of Dessau fiom a long series of 
forty yeais observations of the sun was the first to show that the 
state of the sun s surface as regaids sy ots was nct un form, but that 
their frequency was subject to an inequality the average period of 
which was about eleven years Other inequalities both of lonzer 
and shorter periods have been supposed to exist but the eleven 
yeatly period 1s the most prominent and 1s best assured Although 
the sun spot catalogue of Schwabe 1s the fist with pretensions to 
completeness yet Professor Rudolf Wolf has endeavoured to render 
observations of sun spots made at different times and ty different 
observers comparable with ca h other, and has formed a list exhibit 
mg approximately the relative number of sun spots for each year 
This list extends back into the 17th century, and i of greit value 
1n confirmig past all doubt the existence of the eleven ) early pend 
It will appear below that the sun 1s robibl) to be regarded as 
giving out most h ht and heat at those times when sun spots are 
most fiequent Ihe most accurate and now universally adopted 
method of estimating sun spots 1s to take the spotted area expressed 
in milhonths of the sun s visille hemisphere 

To return from this digression —the conespondence between sun 
Hee and declination ranges detected by Sabine was of such a nature 
that years of large declination range agreed with those of many sun 
spots and 22ce versa In the same year with Sabine (1852) Dr 
Rudolf Wolf and M Gautierin lependently remarked the same coin 
eidence Subsequent discussions have eutuely confirmed the fact 
of this connexion ani in May 1879 Wilham klhs (Phil Svans , 
1880 p 541) showel that the observations made at the Greenwich 
Observatory during the years 1841-77 indicated a 1elation of this 
nature between the diurnal ranges of horizontal force as well as those 
of magnetic declimation on the one hand and the amount of sun spot 
frequency on the other The general character of this comeidence 
between sun spot ficquency and declination iange 1s eihibited 
graphically in fig 39 below 

47 hatws of hanges in Years of Maximum and Years of Mont 
mum Sun Spot Frequency —Broun (7rais Loy Soc of Fdin, vol 
xxvu ) has shown that the 1atios of the diurnal 1anges of declination 
mm years of maximum to those in years of minimum sun spot 
frequency for places widely apart on the surface of the earth are very 
neatly alike ‘Lhis will be seen fiom the following table — 


TaBLe VII —Ratws of Declination Ranges in Years of Maximum 
and of Minumum Sun Spot Frequency 


Ratio (san) | 
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48 Closeness of Correspondence—Lagging behind of hanges ~ 
Stewart has shown fiom a discussion of the declination ranges at 
hew Trevandrum, and Prague (Proc Avy Soc March 22 1877, 
Febiuary 8 1878, May 16 1878) that this correspondcnce between 
tho state of the suns smface and the diurnal range of declination 
extends to mmequalities of short period as wel as to that of which 
the penod 1s approxrmately elesen years but that a particular state 
of the sun 8 sul i ice precedes 1n point of tame that of the declination 
range to which it corresponds —in hne, that the solar caus precedes 
the terrestrial effect which latter lags behind to an extent that 1s 
sometimes considerable These conciusions have been confirmed by 
Fllis (wé supra) and have likewise been eatended by him to the 
horizontal force The close nature of this correspondence as well 
ag tht lazping behind of the terrestrial magnctic effect wall be seen 
from fig 35 

There are indications that this lagging bend of the magnetic 
effect 1s greater for aun spot mequalities of lor g than for those of 
short penod, a method of behaviour quite sumila: to what we find 
in meteorological phenomena 

49 Analysts of Long Period Inequalitus 4 HE ata no sun spot 

— 22 
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data sufficiently accurate for a discussion, in a complete manner, of 
questions rclating to solar periodicity before the time when Schwabe 
had finally matured his system of solar observations, which was 
not until the year 1832 e have, however, a much longer series 
of the diurnal ranges of magnetic declination, which we have seen to 





Fig 35 


follow very closely all the variations of sun spot frequency, so 1t 
15 conceivable that they mav give usa better estimate of tiue solar 
activity than that which can be de1ived from the direct measure 
ment of spotted arcas 

These considerations have induced Messrs Stewart and Dodgson 
to attempt an analysis of the diurnal ranges of magnetic declination 
their metho i beng that which has been pursued by Baxendell and 

robably other astronomers with observations of variable stars 1 

e observations at their disposal for this research were those 
which had been used by Professor las Loomis in his comparison 
of the mean daily range of the magnetic declination with the 
extent of the black spots on the sun (Amerwan Journal of Scrence 
and Arts vol 1 No cxlix) These observations are recorded as 
monthly means of diurnal declination range, and 1t was found 
necessary to ced each by a certain factor, first on account of 
the change of declination range from one month to another, and 
secondly to bring them all to the standard of the Prague observa 
tions, —Prague being the pee where the longest series of such obser 
vations has been made ‘For this latter purpose precisely the same 
corrections were applied as those made by Professor Loomis 

The result of this analysis has been to indicate the existence of 
three inequalities —two dominant ones with periods of about ten 
and a halt and twelve years and a subsidiary one with a period of 
about sixteen anda quarter ycars By these means the observed 
annual values of declination range have been rey10 luce 1 with an 
average error of 89 The amount of agrecment letween the 
observed and calculated values will be seen fiom the following 
diagiam (fig 36) 

50 Notwithstanding the consilerable amount of agreement 





Fig 36 


between the results of observation and c*lculation which appears 
m the diagram, 1t would secm that the senes of observed values 
at present obtainable 1s too short to render the analysis a very 
accurate one It will certainly not bear carrying back forty 
er fifty Mews beyond its starting point, which was in 1784, and 
it would be very hazardous co carry it forward any consider 


1 Proc Lat and Phtl Society oy Manchester March 8 1881 


METEOROLOGY 


[TERRESTRIAL MAGNETISM. 


able length ito the futme It will be seen that calculation 
indicates a maximum of declination range about 1884, but not so 
pronounced a maximum as that of 1871 Here then we have a 
prevision which observation will either fulfil or cor tradict, giving 
us a practical test of the value of this analysis 

51 The remaiks now made would seem at first sight to umply 
that we are not yet furnished with sufficient yearly records either of 
declination ranges or of accurate sun spot observations to enable us 
to anal\se the long period solar mequality with such completeness 
as to cary our calculations more than a ve1y short distance into 
the future with any chance of success, and that we may have to 
wait for another hundred yeais observations before we are able to 
do so On icflection however, 1t would sem that long period 
mequalitics may be caused by the su sition of those of short 
period and thus that an analysis of the latter may lead to that of 
the former It would relieve us if this were found to be the case, 
for the observations at our disposal may be sufficient to enable us 
completely to analyse short period mmequalities, assuming that we 
have in such the elements of a true } eriodicit) 

A remark made by the autheis of the above analysis would seem 
to indicate that a connexion of this nature between long and short 
periods does 1n all probability exist Its a well hnown fact that 
the so called eleven yearly oscillations of decliation range are at 
ceitain times large and at other times small Thus, for instanye 
they have been laige for the last forty years, but they weie small 
about the earlicr part of the present century Now 1t1s clear fiom 
an inspection of the observations (see fig 36) that a se11es of large 
oscillations 1s accompanied with an exaltation of the base line, or 
line denoting avcrage efficiency, while a series of small oscillations 
1s accompauied with a depression of the same ‘The result 1s a 
long period curve of the base line, the beat period, so to speak, of 
the eleven ycarly mequality 

Now a phenomenon precisely similar occurs in connexion with 
shorter penods It wetake inequalities having a period of threeor four 
months we find that such aie alternately well bis a o1 of large 
range and badly developed o1 of small range, and that a large 
range of such 1s accompanied with an exaltation of the base line or 
hne of average efficiency, while a small range 1s accompamied with 
a depression of the same The result 1s a curve of the base line of 
which the period 1s roughly speaking eleven years May we not 
therefore imagine that the so called eleven jeaily } eriod, or, to speak 
more correctly the ten and a half and twelve yeaily periods into 
which the eleven ycarly period may perhaps be analysed, may be 
in reality beat periods for shorter disturbances? Is 1t not share 
fore possible that a study of these shoiter yeriods may give us 
information regatding the nature of the eleven yearly period, 
whether for sun spots or declination ranges which the s series 
of actual observations 1s incompetent to afford? 

52 Declination Range Weather —Allusion has already been 
made to magnctical weathei as perhaps haying laws similar in some 
respects to those which regulate meteorological weather Now the 
diurna) ranges of magnetic declination and tnose of atmospheric 
temperature present us with elements of the two weathers that can 
easily be discussed Again there 1s strong evidence for supposing 
that an element of meteorological weather, such, for instance, as 
temperature range, travels as a rule from west to east, so that a 

cular style of temperature range might be expected to appear 

1st in Ametica and some days afterwards in Great Bntain = It 
becomes therefore a question for inquiry whether this travelling 
fiom west to east applies also to magnetical weather as evidenced by 
the diurnal declination range Stewart 1s of opinion that this law 


| of travelling applies to both but that magnctical weather travels 


faster than meteorological (see J roc Loy Soc , January 10, October 
23,1879, and June 9, 1881) From the preliminary discussion made 
by him it would appear that Kew lags behind Joronto as regards 
se of magnetical weather by 1 6 days that Prague lags bchind 
Keg 07 days, and that Trevandrum lags behind hew by 9 7 days, 
This conclusion cannot however be regarded 13 established until 
1¢ 13 confirmed by a more comy lete discussion of observations 
53 Disturban ¢ Diurnal Variation of Declination —Magnetic 
storms (§ 38) were so named by Baron Humboldt, one of the first 
observers of such phenomena From obscrvations at Paris, Berlin, 
and I reiburg he found that ve1; frequently, though not universally, 
these three stations were simultaneously affected by such storms 
The observation of magnetic disturbances was afterwards pursued 
ina systematic manner by Gauss and Wetcrof Gottingen ‘lerm 
days were instituted for this pu a Ly these observers —that 18 to 
say periods each of twenty four hours length during which observa 
tions were simultaneously made at intervals of five minutes at 
Guttingen and about twenty other stations distributed generally 
over the continent of Europe Finally, the establishment by the 
British Government of the colonial magnetic observatories, and the 
energy and sagarity of their director, Sir k Sabine, have very 
greatly mncreased our knowle lge of these remarkable phenomena 
Sabine hay uot merely separated the disturbed from the undis 
turbed observations as explamed in § 38, but he has divided the 
former into two categories—(1) those tending to increase westerly 
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declination and cither element of force, and (2) those tending to 
dimmish the same He fhnds that these two categomes obey 
different laws, from which he argues that there are at least two sets 
of disturbing forces _In fact, 1f we have to give up the idea of a single 
force of constant ty pe, 1t 1s natural to ask 1f the phenomena of dis 
turbance cin be approximatuly represented as due to the united 
action of two independent types of force It was probably some 
such idea that led Sabine to sepaiate disturbances into these two 
catego1lcs above mentioned ere there is no attempt to assert 
that these two types represent an ultimate and complcte analysis 
of the forces concerned We meiely use the separation as the most 
convenient method at our disposal in the present state of our know 
ledge for ascertaining whether there be indications of a dual 
system 

"54 Results an the Northern Hemisphere —Sabinc s method of 
viewing the phcnomena has enabled him to obtain the disturbance 


diurnal variation for the followimg stations 
Kew vl’? 29 N lat 0 8 W long 
Peking 39 vt N 116 ¢ F 
Nertchinsk 51 1) N 114 9} 
Toronto 43 G0 N 72 OW 
Port hennedy "2 Ol N 94 20 VW 
Punt Baniow a1 21 N loo 1» W 
‘w may be 


regaided as on one side and Pching and Nertchinsk as probably on 
the other side of the Asiatic pole, while Toronto may be 1egardcd 
as on one side and Port Kennedy and | ont Batrow as on the other 
side of the American pole (§ 29) The question as to what 
influence, if any, these poles have upon the distu: bance dimnal 
variation of declination 1s thus one which may be answercd by 
examining the results obtained at these various stations For this 
purpose, instead of 1ecording the aggregate disturbances at the 
various hours, the result 1s expressed im 1atios,—the mean hourly 
1atio for the day being taken as unity, or in other words the whole 
body of disturbances for the twenty four hours being 1eckoned as 
twenty four ‘The results of this method are graphically represented 
in fig 37, where in the left hand curves hew time 1s used, and 
in the mght hand curves local tame, each starting at 04,1 


ee 
He 7S OH 
van nen 
[\ 


POINT BARROW 





Fig 87, 


55 At all the various stations one curve exhibits unnustakably 
a single progression, while the other exlubits mone or less dis 
tinctly a double progression At Kew, Toronto, Pot hennedy, 


Tlf we refer to a paper by C Chambers director of Bombay Observatory 
(Phi Trans 1868) it will be seen that westerly disturbances at Bombay pre- 
ent the same characteristics as westerly at Peking or Nertchinsk the maximum 
‘being about twenty-two or twenty-three hours Bombay sstronomical time. 
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and Point Bariow it 18 the easterly disturbances which exhibit 
this single progression, while, on the othcr hand, at Pekins and 
Neitchinsk, stations which are oppositely related to the Asiatic 
magnetic centre 1t 18 the westerly disturbances which doso = It 
1s imagined by Sabine and others that this peculiar reversal is due 
to the fact that kew and its associated stations may be regarded as 
on one side and Pching and Nertchiusk as on the other side of 
the movable nignetic s)stem 

Sabine has likewise 1emathed that the single progiession curves, 
whethe: denoting casterly or westerly disturbances, exhibit maxima 
which take place not far from the same absolute time We have 
therefore plotted all the lett hand curves according to Kew time, 
that the eye may readily see the amount of simultaneity which tlftir 
corresponding phases exhibit It wil] be noticed that there 1s a very 
stnking simultaneit\ betwecn the maxima ot hew, Loronto, Peking, 
and Nertchinskh, but that the maxima for Port kennedy and Point 
Bariow, while both occurring about the same time, fall at a time 
decidedly 1f not very greatly diflerent from that of the other 
maxima Indeed the time of maximum for Port Kennedy and 
Point Barrow 1s not far f10m the time of minimum for the other 
stations Now it has been noticed by Sabine that Port hennedy 
and Point Barrow may be regarded as on one side of the Ameican 
magnetic centre of mtensity, while Toronto and the other asso 
ciated stations are on the othe: side ‘It seems therefore } ossible to 
connect this last fact with the change in the time of maximum 
Sabine has hhewise remarked that the aggiegate amount of dis 
turbances 15 much greater at Pomt Barrow than at any other 
station Now Pomt Barrow 15 likewise that spot whcre auroras 
aic most ficjucnt Thus in the phenomena we are now discussing 
there 15 fist of all a marked reference to the Asiatic pole , secondly, a 
reference not so matked, perhaps, to the American pole, and thirdly, 
a refurence to the centre of auroral activity Sabine, whose expen 
ence ot such matters 1s vely great, aj pears to think most of the 
1cference of these phenomena to the Asiatic pole He thinks 
that ‘ of the two magnetic systems which aie distinctly recog 
nivable in the maynetism of the globe oue has a terrestiial and 
the othe: a cosmical source and that it 1s ‘‘the latter of these 
two systems which, by its progressive translation, gives rise to the 
phenomena of secular change and to those magnetic cycles which 
owe their origin to the operation of the secular change con 
curnns with the conclusion of Walker that ‘‘the magnetic 
influence at any pomt of the globe 1s the result of two distinct 
magnet. systems, the principal of which 1 the magnetism proper 
of the globe having its (northen) point of greatest attraction im 
the north of the Amezican continent, whilst the weaker system 
1s that which 1esults fiom the magnetism induced im the earth 
by cosmical action and of which the northern point of greatest 
attraction 1s at present in the north of the Asiatic continent Thus 
the dnection ot the magnet at any point results from the super 
osition of these two systems, the nearest pole being always pre 
Aoaihant ovei the more remote (Phil Trans, 1868) Whule dis 
posed to think that something of this nature should be accepted 
as a working hypothesis, we would, however, point out that the 
Asiatic pole cannot be rcgaided as accounting for all the pheno 
mena of disturbances, but that the focus of disturbance 1s probably 
nearer the focus of auroras than it is to either of the foci of 
magnetic intensity 

the mght hand curves rej resenting these disturbance diurnal 
valiations which have two maxima are, except for Port hennedy 
and Pomt Barrow, decidedly irregular Sabine remarks also that, 
instead of having a 1eference to absolute time like those with one 
progression, them reference 1s rathe: to local time We have therefore 
plotted all these curves according to local time, neverthelcss this 
reference does not come out with very great distinctness but it 
must be remembered that our analysis of disturbances into caster] 
and weste1]}, although, in the hands of Sabine 1t has given ws muc 
new information, has no claim to be rgardcd as final and complete 

56 Results wn the Southern Hemtsphere —Table VIII] shows 
the disturbance diurnal vanation of declination exhibited for St 
Helena, 15° 56 7 S lat, 5° 40 5W long , Cape of Good Hope, 
33° 56 S lat, 18° 28 75 W long , Hobat Torn, 42° 5268 
lat , 147° 27 5 E long 

At St Helena and the Cape the easterly distubances present the 
appearance of « single progiession, whue the same remark slightlv 
modified applies to the easterly disturbances it Hobart Town = Again 
the times of easterly maxima for St Helena and the Cape are very 
nearly simultaneous, while Hobart Town, which we may regard a 
situated on the opposite side of the chief southern magnetic centre 
fiom St Helena and the Cape, has its maximum neatly comeidint 
in absolute time with the minimum of the other two stations It 
woula thus seem that the chief magnetic centre of the south 13 
similar 1n its action as regards these phenomena to the chief mag 
netic centre of the north Again the absolute time of single maul 
mum for the south as determined by St Helena and the Cape 1s 
about twelve hours different fiom the corresponding time foi the 
north as determmed by Kew, Toronto, Peking, aud Nertchimsk. 
All this 1s m favour of the working hypothesis alrcady mentioned. 
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Local St Helcna Cape of Good Hope Hobart lown 
| Astio te | ee 
nomical }asterly Westerly J} asterly | Westerly | Lasterly | Westerly 
Hours Rates Rati $ | Rati 8 Ratios Ratios Ratios 
0 4 2 4 21 16 114 0 Go 
1 317 23) 21 12 1 26 0 64 
2 2) 188 16 10 1 32 01 
3 » 00 1 44 10 08 140 0 € 
4 08) 123 08 07 13) 0 06 
o 0 4 0 16 04 OF 1 32 002 
( 014 0 45 04 0s 11¢ 072 
7 00> 050 Ol 12 0 62 104 
8 00 0 44 01 1° 040 131 
’ 003 097 02 12 0 32 179 
10 0 07 0 43 01 1] 0 28 1% 
iH 000 0 42 02 08 074 281 
2 010 0 31 03 04 0 62 2 00 
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14 001 0 24 02 oe 0 63 1 v2 
15 00) | 0 22 04 (> 0 85 126 
16 000 025 04 04 107 0 84 
17 0 08 0 24 05 O4 0 87 0 47 
18 03) 0 42 10 08 102 044 
2) 0 87 05) 18 12 13 0 3 
20 12 1 32 23 14 1 8 070 
21 21 172 23 17 141 0 vo 
22 308 221 20 1s «| (1 05 
2" 278 260 2 17 1 4 002 


Finally, the westcrly disturbances at the thice southern stations bear 

citer maths of a double progression and of 11egulaiity Just as they 
ahd m the northern hemisphere and moreover lke ther northern 
analogucs they are regulated by local rather than by absolute time 

57 = Distribution of De linttion D sturbance over the Varwous 
Months of the Year —Broun was probably the first to 1eriark in 
relucing the Makerstoun observations that the disturbances were 
gieatest at the equinoxes and least at the solstices His method 
was to find for cach month the mean diunal mequality, and then 
to considcr the difference of cach mdividual observation from the 
monthly mean for that hoir as a disturbance, the summation of all 
such differences for the month denoting the monthly disturbance 
value The following table embodies the results at various 
stations—thos at Toronto, Hobart Town, and the Cape bemg 
given by Sabie, and that at Bombay by ( Chambers, who has 
pursue t Sabine s method of scparating disturbances — 


Tas I\ —Month/y Distiibution of Declination Disturbances 
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58 A catcful inspection of this tible without attemy ting a more 
complete analysis, will at 1s thought Icad to the follov m, con 
clusions — 

(1 Although for any station the distil ution of the easterly dis 
turbanccs over the various hours of the day 1s generally difterent 
from that of the westerly yet the samc Jaw of distribution over the 
vailous months of the year is followed ty the casterly and} the 
westerly disturbances at any station—the law at onc station bang, 
however different from that at another 

(2) In all stations there 1s first an animal me juality cxubiting 
@ maximum gencrally a short tune after the summct solstice with a 
equesponeine minimum for the wiuter solstice and sccondly a seu 
annual inequality exhibiting amatimum x nerally a little afuca cach 
€ jummox 

(3) The cquinox maximum 1s very couspicuous at Jocnto but 
the summer maximum Js most conspicuous it the other stations 

59 In § 38 it was observed that the obscrvations «le t 1] as ais 
turbed at any stition may nevertheless bea mixture of whit may be 
termed true disturbances and of the riore prominent spr imcens of 
magnetic weather The truth of this statement would appear to be 
burne out by the laws now givin ‘In one of these we find that dis 
turbances, at all stations, h 4c 2 maximum about the tune of the 
umn er solstice and a corresponding minimum about the time of the 
wir te soistice But the absolute time of the summer solstice for 
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stations north of the equator corresponds with that of the winter 
solstice for stations south of the hne It would therefore appear 
that 1n so fu as this law 1s concerned such disturbances lack the 
element of simultancity On the other hand, a law of this nature 
would naturally hold for magnetic weather For at any station the 
dhurnal 1ange ot declination 1s greatest at the summer solstice, and 
hence any considerable proportional vaitation of this would, if repre 
sented by a fixed scale, present the appearince of being greatest. 
likewise at this time The question thus arises whether this law 
docs not rather ay ply to magnetic wcather than to 1eal disturbance 

Again the semiannual inequality of disturbance exhibits through 
out the globe a maximum at the equinoxes, and thus presents the 
clement of simultaneity which was wanting in the annual This 
law may thetefore refer to true disturbance, and this view 18 sup- 
ported y the fact that the auroia—-which may be regarded as the 
universal accompaniment of great and simultaneous distu1 bances—~ 
obeys, as we shall afterwaids see, in those stations where it has 
been well observed, this very same law, that 1s to say, 1t has lke 
Vise maaima at the equinoxes 

60 Drstrebution of Declinatjon Disturbanes over Various Years. 
—In 1852 Sabine discovered (Phil Trans , 1852, p 103) that dis 
turbances have a long period mequahty allied to that of sun spots 
in such a way that a maximum and a mmimum of disturbance 
coincide with a maximum and a minimum of sun spot fiequency,, 

This wall be seen fiom the following table (X ), wn which we 
have the ielative values of declination disturbance at Toronto 
and Hobart lown compared with the number of groups of spots 
obseived on the sun’s dish — 


Values of Declination Dist bance 


| Gioups of 
| Sun Spots 


Hobart lown 


0 48 
0 82 
0 67 
103 
1 44 
1 60 


Toronto 


0 55 
0 73 
0 62 
1 26 
1 40 
1 43 





61 The following tible (AI) exhibits the same thing for 
Bombay The first column of this table is detived fiom the 
magnetic results of C Chambers, while the sun spot aicas are 
those of Messis De Ja Rue, Stewart, and Loewy 


Aggicgate Values (in Minutes) 
of Declination Disturbances 


15382 1 


Sun Spot Areas 


1352 
1313 
1297 
1211 

676 


1421 6 
951 8 
1240 5 
691 1 





We may conclude from these tables that declination distur bances 
maich with sun spots, but that the alliance between these two 


| phenomena 1s dpe not so intimate as that between declina- 


tion ranges and sun spots 
62 Distribution of Declination Disturbances over the Surface of 
the Globe —It 15 well huown that disturbances are comparatively 
small near the equitor while they are gicat near the magnetic 
joles and greatest of all perhaps near the position of maximum 
auroras If we adopt Sabine s system of separating disturbed from 
undisturbed observatious, 1t 19 thus clear that the same p pareling 
value cannot be adopted at all stations At first sight this woul 
secm to introduce an element of unccitainty in the estimation of 
disturbances, but it was soon found by Saline that no very gieat 
nicety 15 required in this matte: Not only do the laws which regu 
late disturbances at a given station 1emain comparatively unvffected. 
by the ma,mitude of the sep:rating value but at 1s hkewise casy to 
tell whether the aggregate disturbance value at one station 18 de 
eideily greater or 1 ss than at anothe: Probably at present it 
would be impossible to obtain more defimte information than this 
63 The following table (XII) exhibits the proportion between 
the aggregate amount of easterly and that of westerly disturbances 
of the declination at various stations im both hemispheres — 
Name of Station Lasterly Westerly 

Tolonto ae . 

Point Barrow 

Port Kenncdy 

Carlton Fort 

Kcw 

Peking 1 

Bombay 

St H lena 

Cape of Good Hope 


Hobart Town = 
Falkland Isles 1 66 


64, Annual Varvatron of Dechination.—The declination fluctua- 
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tions of short period hitherto discussed are not necessamly accom 
ene by a permanent change of mean position of the needle We 

ave now to inquire whether there be any fluctuations of long 
period (besides the secular change discussed in $3 30-33) tending 
to alter perceptibly the position of the magnetic needle ‘Lhns leads 
us at once to the aninnal variation, for our knowledge of which we 
must look to the later made and morc accurate observations, 1n 
which all possible sources of error have been carefully climinated 
Broun has made an exhaustive experimental inquiry into the various 
sources of erior which could possibly influence his declination 
needle at Tievandrum His conclusion was that the vaiations 
of torsion of a well made thread are not sufbcient to produce a | 
sensible effect upon the position of a powerful magnet In fact : 
Gruvb s magnet, weighing 6000 grains, and Adies, weighing 1100 
grains, give almost identical results We may extend these con 
clusions to other observitories where well devised instiuments have 
been established, and look with much confidence to such instru 
ments registering coriectly the secular as well as the annual 
change of declination that may be taking place at each loc ihty 

60 The following table (XIII ), borrowed, with the exception of 
the Trevandrum and Bombay resulie, fiom E Walkers Terrestrial 
Magnetism, shows the annual variation at seven stations — 


Mean Annual | Obscrvation 
Yeas 


Mean 
@ 


Declination | Secular Change 


Kew 
Hobart fown 
St Helena 





TaBLu XIV —Showing the Mean Annual Vartwn for each 
Month of the Year at Seven Stations 
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Here + indicates that the marked pole of the necdle 1s to the 
west and — that it 1s to the east of its mean position for the year 

66 Tocancel the iregularities of this table let us take the means | 
from April to Septembe: and from October to Much, the former 
embracing the months around the June solstice and the latte: | 
those around the December solstice (Table AV ) — 









Means from Mcans from | 
Anil to Septembcr | October to March 


2 


++/1176)] 
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It will be seen from the above that the means for Tievandrum and 
Bombay present opposite signs to those for the other stations The 
whole amount for Trevandrum 13 no doubt very small, and 
Chambers does not regard the evidence for Bombay as conclusive, 
but on the whole 1t would appear that two observatories neat 
one another present evidence of a similar behaviour in declination, 
and we are therefore disposed to regard 1t as a reality 

67 Semunnual Variation of Declination —It we look at 
the numbers of Table XIV, we shall see that there aie traces 
of turning points at the cquinoxes Let us, im order to exhib t 
this, compare together the sums for the six months grouped 
around the two equinoxes with those for the six month» grouped 
around the two solstices—that 1s to say, compare the sums for 
February, March, April, August, September, October, with those 
for November, December, January, May, June, July—and we thus 
ebtain the following table (XVI ) — 


METEOROLOGY 













Sums around Sume arjand 











I qumoctial Months Soletitial Mont} + 

+104 2 —RyT 
loronto + 964 —210 
St Helena + 42 +48 
Cape | 4+ 474 —34 2 
Hot art Tow — O07 | +226 
ticvandi win — 1:0 +03 
Bombay i + 02 | — Ol 








68 Solar Diu nal Varvations of the Hort vatal and Vertual Corn 
pments of Magnetic Force ~—Althoush self recording Spek rani tag 
havc been established in many obscivatones throughout the globe, 
yet, owing to the peculiar dithculties of the tash, and the labour of 
the process of reduction, very little has becn done tow. ds detcrmin- 
ing the solar diurnal vanation of the horizontal and vertical compon 
ents of the earths magnetic force Senho Cayclio of the Lisbon 
Observatory has, however, made progress with his reductions, and 
has aheady published valuable informatio: 1¢arding the solar- 
diurnal fluctuation of the two force elements at lis observator\ 

In his attempts to elimimate the distui bances of horizontal and 
vertical force by the method of Sir E Sabine, Senhor Capello has 
experienced considervbledificulty , more pai ticularly with the recoids 
of the vertical force magnetograph Tlus instrument and the 
bifilar have very often becn found by him to change their pos tion 
of cqulibiium after strong perturbations Again there 1s gencially, 
fo. any hom, a variation at the beginning and end of the month 
fiom the monthly noimal value for that hou owing to chanze of 
temperature, and this cannot be completely corrected inasmuch as 
the coefhcient of temperature 1s not eaactl) hnown These two 
causes combined tend to frlsify the results when the plan adopted 1s 
the method of comparison betw een the individual values of any hour 
and the normal monthly aveiaze of that hour Senhor Capello has 
found it necessary to sclect and extract the disturbances, not 
ducctly from the hourly values, but by comparing the variation of 
an individual day with the average diurnal variation derived from 
the month 

Lo allustiate this method by means of an cxamyle let us imagine 
that the sum of the twenty four howly values for a particular day 
is 24,000 and that the averaze monthly diurnal vanation would 
indicate that a particular hom of this day should have a value 990, 
then if the value for this hour should prove to be greater o1 ‘os 
than 990 by mote than a certain amount it would be set aside as a 
disturbed obseivation Senhor Capello sather thinks it will be 
desnable somewhat to modify this methol, and he concludes his 
remarks by observing that tor this and other simila: questions 
it 18 most necessary that duectois of establishments possessing 
maznctogiaphs should agree tozcthu to employ the same method 
in their reductions in order that their iesults may be compar 
able with each othe: With tle view of adding weight to these 
lemaiks, wo may quote the observation of Sn Wiliam Thomson, 
that our ability to analyse mathematually that influence which 
produces the diurnal vazation will depend upon ow hnowmg 
at a certain numbei of stations the exact nature of this diur 
nal variation for each of the thiee magnetic elements A complete 
theory of this diuinal influence must theicfore wait upon the 
concerted action of the dircctors of the various establishments 
possessing magnetogiaphs 

69 Change in Horizontal Force Ranye from Month ta Month — 
Although we do not possess finally accurate determinations of the 
sola: diainal vauiations ot either element of the force, yet we are in 
possession of information regarding the change 1n the diurnal range 
of the hotzontal foice fiom month to month at the Gicenwmeh 
Observatory William Ells has given us tne following table 
(Phil Trans , 1880) 1cpresenting the monthly mean diurnal range of 
horizontal force at that observatory expressed in ten thousandths 
of the whole horvontal foue In the formation of these means, 
days of great magnetic distw bance were rejected, and also certain 
othe: days on which there prevailed 2 smaller: but considerable 
amount of disturbance estimated according to a general standard 
formed in the examination of many thousands of photographs 


TaBLE XVII —Monthly Ween Diurnal Range of Horizontal Force 
at Royal Observatory, Greenwich 
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Thus, Itke the declination range (§ 48), the horizontal force range 
has a maximum. in summe? and a mimimum in winter, and ethibits 
& tendency towaids mauma at the equinoxes 

70 Long Perrod Inequalities of Horizontal Fore Panjye — 
Lagging Behind \—Elhs has compared the diurnal range of the 
horizontal force as well as that of the declination at Greenwich 
with the period of sun spat frequency, his comparisons extending 
from 1841 to 1877, and he has deduced the following conclusions — 


1 Secchi (Wols's Astronomssche Mattherlungen, No 21) seems to have been the 
first to indicate a relation between the state of the sun a surface and the diuinal 
variation in the horizontal force 
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(1) The diurnal ranges cf the masnetic elements of declination 
and horiontal force uc subject to a periodical variation, the 
duration of which 15 cqual to that of the known elcven year sun 
spot pcriod 

(2) Lhe epochs of minimum and maximum of magnetic and sun 
spot effect are nearly coincilcnt, the magnetic epochs on the whole 
occurring somewhat later than the corresponding sun spot epochs 
The variations of duration in diffuient pe1iods appeai to be similar 
for both phenomena 

(3) ‘Lhe occasional more sudden outbuists of magnetic and sun 
spot energy, oxtending sometimes over periods of several months, 
appear to occur neatly simultaneously, and progress collaterally 

A Disturbance Diurnal Variation of Force Components —We 
may derive the following conclusions fiom the results obtained by 
Sabinc for the observatories of Toronto, hew, and St Helena For 
each clement there ate two categories, namely, those disturbances 
which tend to inciease and those which tend to diminish the 
clement in question 

(1) At lo1onto the disturbances increasing both elements of force 
well represent single progressions with maxima occurmng for both 
about 4 or 5 hours local tune Again the disturbances decreasing 
both elements 1cmesent fanly well single progressions with maxima 
occurimg for both at about 14 01 15 hours local time 

(2) At kcew the disturbances increasing both elements represent 
well single pro,icssions with maxima occuring for both about 5 
hours local time On the other hand, the disturbances deere 
the hotiontal force represent sizns of a double progression an 
those decreasing the vertical force sizns of a single progression, the 
maiiumum for the latter falling between the two maxima foi the 
former and occurring at 14 hours local time 

(3) There 13 not the same close correspondence between the 
progress of the disturbances which tend to mcrease both elements 
nor between the progiess of those which tend to decrease both 
elements at St Helena as there 1s for the other stations, nor 1s there 
the same Ithencss between the numbers for St Helena and those of 
Toronto or Kew as there 15 between the numbers of Toronto and 
those of hew 

72 The fact that the disturbance diurnal vanations of the two 
force elemcnts at Kew atc very like each other while neither of 
them 1s very lhe the conesponding dechnation variation (§ 54) 
recuives confirmation from a visual inspection of the hew curves 
In the Philosophical Transactions for 1862 Stewart thus desciibes 
the result of an inspection of the disturbances of these curves for 
the years 1858, 189, 1860 ( distur bance 3ca15) — 

There are twenty two cascs in which the dechmation 1s satsed or lowered 
along with the hc1zcntal foice ani only seven cases of an opp¢ site description 
Also there ate twenty two cases in win h the declinaticn 151 sed or lowered 
along with tle vertical force and cnly eleven cises of an opposite description 
Fina ly thete are thuty one ca cs m which b th forces ate raised or lowcred 
together and cnly two cases cf an oj posite desciuption There 1s the efre 4 
decided tendency in the curvcs of all the elements to be 1aised or lowered simul 
tancously but this tendency 15 stronger between the horizontal and vertical force 
cuives than between cither of these and the declimation It may at the same 
time be affirmed that with the excecj tion f the disturbar ce of Lugust to Septem 


ber 18 9 there 18 no very prominent case in which the three elements do not mse 
o1 fall together 


73 Peaksand Hollows —These are ccrtain small but abrupt mag 
netic changis which from the fact that they generally fall within 
the separating value are not usually regarded as Tsbuebatess These 
changes can only be brought to light where there 1s 1 continuous 
record of magnetic phenomena su h as that derived fiom self 
recording magnetographs They were fst studied at the hew 
Observatory by Stewart (Phil Tians, 1862) We have seen that 
more than onc type of force must be comeined im producing 
mrgnetic disturbances ‘This 1s confirmed by the appe tance of the 
Kew 1ecords, from which 1t may be seen that no disturbance of any 
magnitude 1s due to the action of a single force varying merely in 
amount but not in direction For if there were only one type of 
force the distance at any moment of a point im the curve of one 
of the elements from its norm position should bea: throughout a 
dist bance an invatiable propoition to the distance of + correspond 
ing point in the curve of another of the clemcuts from 1ts normal 
but this 1s by no means the case 

But even if several independent forces are at work it may be 
thought unlikely that at the same moment a sudden change should 
take place in all there is thus a probability that suddcn changes 
of force, as exlubited in peaks and hollows, are changes 1n one of 
the elementary forces conccincd Even if the change 15 not 2 very 
abrupt one, provided that we confine ourselycs to such yeaks and 
hollows as present a similar ol for all the curves, we my 
suppose that we are observing changcs in one only of the elementary 
disturbing forces , for 1t 1s unlikely that two or more independent 
forces, changing independently, should produce simular appearances 
in all of the three curves 

Assuming 1t as probable that similarity of appearance in the 
curve variations of the three elements denotes a simplicity im the 
disturbing force, Stewart has discussed al! such peaks and hollows | 
at Kew extending cver the firet two vear of their production, and 
has obtained a result which 13 embodied in the following table— | 
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TABLE XVIII —Hourly Ratios and Frequency of the Kew Peaks 
oo Hollous, the Vertical Force Disturbance being taken as 
nity 


Hour nation | Foice | Observations 
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74 It will be seen fiom this table that the 1atio between simul- 
taneous peaks and hollows ot the two components of the force 1s very 
nearly constant the hoiizontal force disturbance being about double 
that of the vertical force, so far as s1ze on the curve 18 concerned 
It will also be seen that there is a very marked diurnal range in 
the ratio which the declination peak or hollow beats to that of the 
vertical force, this ratio bemg greatest about7 aw About this 
hour we have also most peaks and hollows, while in the evening altd 
early morning houts there 18 so gieat an absence of these phenomena 
that the 1atios are doubtful 

75 <A preliminary compatison between the peaks and hollows 
at Lisbon and at hew has been made by Capello and Stewart 
(Proc Roy Sce, January 28, 1864) with the following conclusions 

(1) The hew peaks and hollows are simultancously produced at 
Lishon 1n all the elements, but to a smallei extent than at Kew 

(2) The direction 1s the same at both stations for the declination 
and horizontal force peahs and hollows, but 1t 15 1eve1sed in the case 
of the vertical force, so that a sudden small inciease of vertical force 
at kew corresponds to a diminution of the same at Lisbon 

It would be manrfestl, impossible to discuss with any advantage 
the nature and origin of these peculiar chanzis until more exten 
sive observations of them have been madc As the peak and 
hollow force 1s probably of a simple natwe, a further hnowledge of 
1ts character mv be of much importance to the theory of tenestrial 
magnetism 

It 1s interesting to 1emath that we have in }«aks and hollows the 
same close relation between the vatiations of the two force elements 
that we find in the larger disturbances 

It 1s believed too that dumng violent disturhances a ceitain 
change of type 1s produced in the peak and hollow force, and more 
especially 1s this remathable in the great disturbance in August and 
September 1859, where the declination would seem to inarch 1n the 
opposite direction flom the two components of the force We have 
seen thit the same peculiarity characterized on this occasion the 
larger and more apparent magnetic changes We shall afterwards 
refer to a cireumstance which may perhaps thnow light upon this. 
separated (§ 93), meanwhile we conclude by igain remarking that 

uring comparative magnetic calms the pak and hollow force shows 
signs of sierra 3 constant in type, and that it 1s therefore of 
great importance that the directors of observatories possessing self 
recording magnctographs should tahe united action to observe this. 
force 

76 Other Inequalitres of the Disturbance Diwi nal Variation of the 
Force Components —Sabine has shown thit disturbances of the force 
components present a distribution over the tarious months of the 
yeat very similar on the whole to that which 1s exhibited by dis 
turbances of declination He has lhihewise shown that disturbances 
of the force componcnts present a distiibution ove: va1ious years 
similar to that exhibited by d sturbances of declmation Finally, 
we may  anaera conclude that disturbances of the force components 
are smallest at those portions of the earth s surface where disturb 
ances of the declination are smallest, and largist at those portions 
where such disturbances are largest 

77 Annual and Semrannual Vai atin of Horizontal Forer and 
Dy —Broun (Trans Roy Soc Edin for 1861) has discussed the 
results obtained by Sabine at his magnetical stations, and has shown 
that differential and absolute observations agrce in telling us that 
the hotizontal force 1s smallest at the equinoxes and greatest at 
the solstices Whipple has rcccntly obtained the same result from 
the Kew observations 

We have deduced the following table (XIX ) from the various 
absolute determinations that have been made at sundry places In 
1t the annual and semiannual variations of declination, honzontal 
force, and dip are exhibited, ‘‘increase” denoting a push to the 
west, and ‘‘decrease’ a push to the east The method of obtaimng 
these has alread} been indicated in §§ 66, 67 





1 We ought to mention that with the exception of the one occasion already 
alluded to, a peak of one element always corresponds toa peak of another elé- 
ment, and a hollow of one element to a hollow of another 
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Effect on Declination 


At Equinoxes At June Solstice 
compaied to compared to 
Solstices 


Makerst un or Kew 
Toronto 
of Good Hope 


Decteas. 
Decicase 
Decrease 
Decicase 
Increase 

Increase 

Decrease 


Increase 
Increase 
Increase. 
Decrease 
Decrease 
Unéecided 
Undecided 


78 In discussing the 1esults of this table we shall assume that 
the sun acts, and in all probability acts indirectly, upon the 
magnetic system of the earth This point will afterwards be 
further examined Meanwhile, assuming this indirect action of the 
sun, and assuming, to fix our thoughts, that it 1s m close alhance — 
with the convection system of the earth s atmosphere, we can readily ' 
imagine that such solar action would act most strongly on the | 
saith s magnetic poles at the solstices, and that in the June solstice 
the pole or poles in the northern bemisphete and 1n the December 
solstice those in the southern henlisphete would he most affected 
Now a strong action of this hind upon either magnetic pole may 
well be presumed to increase the general magnetism of the earth, or 
gt least that portion of it which 1s most 1eadily affected by external 
action, that is to say, the induction system Again, if the solar 
magnetic influence 1s connected with the convection currents of the 
earth, we can readily imagine that the influence in the northern 
hemisphere where there 1s much land should exceed that in the 
southern hemisphere where there 13 much water 

If these views be 1easonable we might expect two things to 
follow —(1) the earth s induction system should be stronger at the 
solstices than at the equinoxes, and (2) 1t should be more especially 
strong at the June solstice, when the sun acts in the northern hemi 
sphere We must bear in mind, however, that so vast 1s the 
earth that a stimulus applied to its particles most susceptible of 
magnetism may not be instantaneously propagated throughout 
its mass, but that time may enter as an element of the question, 
in which case, inasmuch as the action of the sun at the June solstice 
1s in the northern hemisphete, a station near the south pole may not 
fully partake of the magnetic effects of this action 

79 An hypothesis ot this natwe would appear to be consistent 
with the results of Table XIX 

In the first} lace, 1f the earth should become stronger as a magnet 
1n one or 1n both of 1t3 magnetic systems this would show itself by 
an increase of horizontal force at least im all such stations as those 
at which absolute observations are made An influence which 
mereases the horizontal force at these various stations 1s therefore 
naturally regarded, and was regaided by Bioun, as one increasing 
the strength of one or both of the in. len systems of the earth— 
whether of one or of both will presently appear We may therefore 
assume from our observations that one or both of the earth s mag 
netic systems are strongest at the solstices 

In the next place we may imagine that the changes of declination 
and dip which the table exhibits as occurring at the solstices are 
the very changes which would be wrought in these elements by an 
increase of power in the earth For we see very well that an 
increase of horizontal force at the vatious stations mav be regarded 
as denoting an inciease of the earths magnetic power We cannot, 
however, see with equal facility what changes would be produced in 
the declination and dip by an increase in power of one or both of 
the magnctic systems, but we may well :magine that su h changes 
of these elements as are found to accompany an increase of horizon 
tal force are those that denote an increase of the earth s power 

We have thus ascertained the proboble nature of those changes of 
the three elements which denote an increase of power Now it will 
be noticed from the table that the effect at the June as compared 
with that at the December solstice 1s of the opposite nature to the 
effect at the equinoxes as compared with the solstices,—that 1s to 
say, the earth 1s more powerfully affected in June than in December, 
the only well established exception to this being Hobart Town im the 
far south But, wsuming that time 1s an element in the develop 
ment of this preponderating influence acting 1n the north, 1t 18 easy 
to see why Hobart Town should not exhibit its tull effect 

It remains to determine from the observations themselves which 
of the magnetic systems it 18 that exhibits these oscillations 
Analogy would of course point to the induction system, but7* 
desirable to determine this from the observations themsels es 

In § 54, when discussing the disturbance diurnal vanation of 
declination, it was found that Toronto and hew may be regarded as 
on one side of the Sibenan pole, while Peking, Nertchinsh, and 
Bombay areon the other Now, if 1t be this vole that 1s influenced 
by the oscillations under discussion, we might expect that the influ 
ence on declination at Toronto and Kew should be the opposite of 
that at Trevandram and Bombay We find by the table that this 
ig the case, and we are thus inclined to attmbute these changes to 
the Siberian instead of the American pole It would thus appear 
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Effect on Horizontal Force 


At June Solstice 
compaied to 
December Solstice 


Effect on Dip 


At Equinoxes | At June Solstice 
compared to compared to 
Solstices December Solstice 


—— 


At Equinoxes 
compared to 
Solstices 


Inappreciable 
Increase 
Increase 
Deciease 


Decrease 
Dectease 
Dec! ease 
Decrease 


Increase 
Inappreciable 


i ilcereaae 


that the observations of Table AIX bear out the provisional working 
hypothesis which we have ventured to introduce It 18 quite pos 
alte tat these remarks may not stand the test of more complete 
inquiry, but they are here introduced rather as denoting a method 
of looking at the subject which easht we think to be pursued than 
as embodying conclusions of a final nature 

80 Effect of the State of the Sun’s Surface upon the Absolute 
Magnetism of the Earth —We have now to consider whether the 
state of the sun s surface permanently influences the magnetism of 
the earth It will at once be seen that any such action will appar 
ently manifest itself as an oscillation 1n the mementos 3 We must, 
however, carefully guard ourselves against prematurely concluding 
that 1t umplies a vanation in the amount of true secular change 
There may be two distinct things—true secular change due to one 
cause, and action depending on sun spots due to another These, 
from the nature of the case, are necessarily mixed up together in the 
yearly changes which we examine, 1t does not, however, follow that 
there 1s any real identity between them We shall now give onc 
example of the method to be pursued in the attempt to detect a sclar 
influence of thisnature Let us turn to Table III , and take the decli 
nation yearly values at Toronto fiom 1856 to 1871 Subtracting the 
value for 1836 from that for 1871, we find that the westerly declina 
tion had increased in fifteen ye1rs 51 6, that 1s to say, at the mean 
rate of 3 44 per annum Again the average declination for the 
aixteen years 1856 71 1s 2° 20 8 corresponding to the epoch at 
the commencement of the year 1864 Taking the average value and 
epoch, and also the average yearly increase above given, we are able 
to construct the following table (AX ), m which calculated and 
obseryed values at loronto are compared together — 


Calculated Difference 
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It may be gathered from this table that the years which corre 
spond to mimmum sun spots have in the last column a greater 
negative or lower positive sign than those which correspond to 
maximum sun spots, and hence we may conclude that at Toronto the 
tendency of many sun spots 1s to increase the westerly declination 

81 Performing a similar operation for al] those cases in w hich we 
have a sufficiently extensive series of observations to work upon, we 
obtain the following table — 


TABLE XXI —Fffect of Numerous Sun Spots on the Values of 
Magnetic Elemente 


Station Decl nation Horizontal F orce Mp 
Increase 
Increase 


lucrease 


Increase 
Increase 


Jn y preciable 
Incieate 
Lr certain 


Increase (*) 
Decrease 
Increase 





82 We have good grounds for supposing that the sun 19 most 
powerful when there are numetous Sp on his surface, and theretore 
the above table represents a state of things which we may imagine 
to be caused in one way or another by increased solar power Now 
the most natural hypothesis 1s to imagine that an increase of spots 
acts in producing an increase of disturbances, and that for those 
stations at which the disturbances tend on the whole to affect the 
elements in a definite direction there will be Jett behind a permanent 
effect in this direction A comparison of Table A\I with Tabla 
XII will, however, show that this explanation 1s not valid, For 
instance, at Toronto and Kew disturbances tend rather to dimmish 
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than to increase the westerl, declination, while the effect of numer- 
ous sun spots 15 to merease it Again at the Cape the tendency 
of disturbances 1s to increase the westerly declination, while that of 
numerous sun spots is to dccicase 1t += At Tievandrum again (if we 
judge of 1t by Bombay) the cflect of disturbances will be to increase 
the easterly declination, while that of sun spots 1s to decrease 1t 
Agam, 1t 15 believed tht at Kew and Toronto the supposed disturb 
ance eftect on the dip igtees in chaiacter with the sun spot effect 
On the whole, thercfore there 18 no defimte relation between the 
two cffects 
Now if we cake Hobart own, the Cape and Trevandrum in the 

above table, we find fiom lable AI\ that these stations seem 
tin licate that the magnetic state of the earth 1s most pow 
at times of maximum sunspots kew and Toronto, however, 
go far as declination and dip are concerned, appear to go the 
other way If, however, we suppose that durmg the several 

cars of maximum sun spots the American pole as well as the 
Siicnen 1s ufucted, and that on such occasions of loig continuance 
the forme: has more influence than the latter, we shall be able to 
reconcile out results with the hypothesis of increased solar action 
We can understand too that time must be an important element in 
gny influence communic+ted to the American pole, and that, although 
such influence might be ea at Toronto and hew, which are 
eomparatively ncar the pole, it would not be apparent at the other 
stations of ‘lable AXI We shall recur to this subject when dis 
cussing secular change 


Various PHENOWMFNA CONNFCTFD WITH THE SUN AND WI1H 
IrRLISIRIAL MAGNELISM 


83 Closenrss in Time between Solar Changes and Magnetic 
Insturlances —Loomis (Amerwan Journal of Scvence, vol 1) 
has registered the extent of sun spots for the six days preceding 
and tollowing each of the gieat magnetu disturbances at Green 
wich, and has compared these values with that for the vely 
day of the disturbance In this manner he has treated all the days 
of great magnetic disturbance at Greenwich for a penod otf twenty 
thrce years, with the exception of those cases in which very fen 
observations of sun spots were made The cases of disturbance 
thus treated amount to one hundred and thirty fivc, and the 
following result has been obtamed — 


TABLE XAII —Eatent of Spotted Solar Surface 


Days before Storm Storm Days afte: Storm 
4 3 1 
isles }47 9 501 548 585 52 43) 579 490451493 450 452 408 


Fiom this result Loomis diawe the following conclusions — 
(1) great disturbances of the earths magnetism are accompanied 
by unusual disturbances of the suns surface on the very day 
of the magnetic storm, (2) the great disturbance of the sun s surface 
which accompanies a terrestrial magnetic storm 1s generally heralded 
by a smaller disturbance thiee or four days previous, succeeded 
by a comparative calm which imme lately precedes the magnetic 
storm 

84 There 1s one instance on record of a sudden solar change 
which ws practically simultaneous with a magnetic distui bance } 
On September 1, 1859, a little before noon, R C Carrington 
was observing by means of a telescope a large sun spot, when, to 
quote his own wo1ds— 


Within the area of the great noth gioup (the ze of which had previouslv 
excited general remark) two patches of intensely b ight and wh te hght broke 
out I noted down the time by the chionometer and scemg the outburst 
to be ver\ rapidly on the increase and bemg somewhat flurned by the su prise 
T hastily ran to c ll some one to witness the exhibition with me and on returning 
within sixty seconds was mortified to find that 1t was already much changed and 
enfeebled Very shortly afterwards the last trace was gone and although I 
maintained a strict watch for nearly an hour no recurrence tock place The 
instant of the first outburst was not fifteen seco: ds different from 11! 185 Gicen 
wich mean time and 11" 23™ was taken for the time of disappearance In this 
lap e of five minutes the two patches of hght tiaversed a sy ace of about 3) 000 
miles It was impossible on first witnessing, an appearance 50 similar to a 
suddcn conflagration not to expect a conaiderable result in the wav cf alteiation 
of the details of the group in which it occurred and I was certainly surpriscd 
on referm g to the sketch which I had carefully and satisfactorily finshed before 
the occurrence at finding mysclf unable to recognize any © at g¢ whatever as 
having taken place The imp csvion left upon me is that the yhenomcnon to k 
place at an elevation considerably above the general surface of tle sun and 
eee altogether above and over the gieat group in which it was cen pro 


J 

“Tt has been very giatifyiig te 
observing the sun at his house =~ 
‘was a witness of what he also 


tl at Vii Hodgson char ced to be 
ct same day a dtoh ar that he 
remarkable pi ¢ 

At the very moment when Carnngton observed this pheno 
menon the three magnetic elements at Kew were simultaneously 
disturbed This disturbance occurred as nearly as possble at 
11h 15" am, affecting all the elements simultancously, and 
commencing quite abruptly The first or most abrupt portion of 
the disturbance lasted only about three minutes for all the 
elements , but after that there was a more gradual change in the 


4 Phtl Trans, November 21, 1861 
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same direction before the curve turned ‘his move gradual con- 
tinuation of the first sudden movement lasted about seven minutes 
for all the elements This magnetic disturbance was, however, 
in 1eality 2 small one, and was followed by a ver} great disturbance 
which took place not many hous afterwards e 

85 Simulianerty of Changes of Horizontal Force at Various Parts 
of the Earth —We have aheady (§ 79) alluded to the superionty 
of the honizontal force 1m indicating by its changes what 1s taking 
place in the magnetic system of the earth If this system be 
strengthened as a whole we shall no doubt find the horizontal force 
increased in value at our vatious stations, while 1f the earth s power 
be weakened asa whole we shall find the horizontal force dimmished 

Bioun has discussed this subject at great length m a memoir 
alieady mentioned, and has embodied his observations 1m numerical 
results from which the following table has been extiacted — 


TABLE XXIII —Daily Means of Horizontal Force at Makerstoun, 
(M ), Trevandrim (T ), Sengapore (S ), and Hobart Town (H ) 


4 [| M |i | s Hn | 194 | uM [rT | 8 | a 
March 1) 2140, 07 42/16 40| 16 46 | March 17 | 21 30/11 54| 19 74| 19 12 
» 8/18 d4/0525]1418'13 4 | 4, 18] 2011/07 ¢2| 17 65 | 17 08 
» — 4/16.53]06 42/1459, 1449 | 5, 19| 21 78 | 08 55 | 16 26 | 18 59 
» 11.43) 04 43112791004 | 5, 20 | 22 00 | 07 83 | 17 24 | 16 20 
» 6 [13 94] 0184/1042] 966 | 4, 21/23 15] 09 06 | 18 35 | 17 08 
7/1299/0412/1287| 998 | , 22] 2247/03 14/18 35 | 1912 
, 8] 16 9/ 0381/1362] 1150 | ,, 24/22 30/09 58 | 18 76 | 18 99¥ 
» 10/1912 | 04 88/14 87| 1407)| , 2] 28 7116 69 | 18 76 | 19 95 
11 {17 64/05 87/1487 |1397'} 5, 26 | 25 22 09 48 | 20 29 | 20 10 
12} 180} 0628}1501)1427 | 3, 97) 22 24] 10.81) 18 6B | 19 33 
» 13/2325] 0958/17 0)/10 18] 5, 28] 2216} 07 52] 17 79 | 1¢ 73 
» 14/2366/1061/1890/1781 | , 29| 59 103 0/1154] 782 
» Jo [2212/1009] 1863/1685 | ,, 81] 17 06 | 02 27] 11 81| 1097 


This table shows a considerable likeness between the daily changes 
ot the homzontal force at the four stations For mstance, we have 
@ minimum which occurs on March 5 at Makerstoun and March 6 
at the other stations , we have Jikewise a well defined maximum 
occurring at all stations on March 14, and another occurmng at 
Trevandrum on March 25, and at the othe: stations on March 26 
Finally we have a well defined minimum occuring at Trevandrum 
on March 31, and at the other stations a day earlier 

Broun has extended a simular treatment to daily means for 
every hour, and fig 38 conveys a good idea of the amount of simul 
taneity which obtains 1n the changes of such values of horizontal 
force at stations far apart 

86 Recurrence of Disturbances at Intervals of about Twenty-six 
Days —Brouv? and likewise Hornstein have observed that there 1s 
a tendency in large magnetic changes to recur at intervals of about 
twenty sixdays At first 1t was natural to suppose that we have 
here a magnetical indication of the true time of the sun s synodical 
rotation, the interval between two distur bances denoting that which 
elapses between two presentations to the earth of a peculiarly 
powerful sola: meridian It seems unlikely, however, that there 1s 
a really leprae one sidedness of this hind in our Junanary, but 
the result of observation seems to show that for a limited period, 
62) two or thiee jcars, certain meridians of the sun appear to be 
sors powerful The cause of this we shall not here discuss, 

ut simply treat the phenomenon as a fact derived from observation 
Broun im his paper above quoted (Phil T'rans , 1876) makes the 
following remarks — 

We have seen that when one side of the sun is presented to the earth the 
magnt tic force :f the latter is gieate: than when the other side is turned towards 
us wt may Ccven say that the Intensity is greatest foi a given solar meridian, 
this however, may be simply an integral effect resulting from the actions due to 
all the mendians But can we supp se when @ great and sudden increase or 
diminution of the earths magnetic foice occurs that this is produccd by some 
change occurring on a particular solai meridian? This does not seem at all 
imy rc bable 

In order to examine the facts all the cases were noted during the years 1844 
and 1845 in which the daily mean hoizontal force diminished one thousandth of 
its whole value within an mterval of thiee days they were found to be twenty 
eight in number If we call the solar mctidian presented to us on the Ist January 
1844 the zero meridian (0) and consider the time of rotation to be twenty-six 
days and that there aie twenty six meridians ve find that the solar meri 
presented to us when these great move ments occurred may be arranged in a few 
groups as jin the following table’ (Table AXIV p 177) 

Anexamination continues Broun of this tatle will show that nearly half 
of the great changes began when the cighth meridian after the zero had passed, 
while flve began near the twelfth after, and five near the sero iteelf If 
any donbt existed as to the possibility of these being mele accidental coincidences, 
it would be rem ved I think by a consideration of the marked succession oveur- 
ring between July 31 (No 18) and December 11 1845 (No 28) If we 
neglect the two cases of July 31 and August 26, which commence at +6 and +5 
respectively, we have five cases of successive sola: rotations in which the diminu- 
tio 1s of intensity began on the +8 day This exact iecurrence at the end of 
twenty 81x daya of a marked diminution of force proves it seems tome that the 
ca are all due to the sun whose time of rotation must be nearly twenty six 

ays 

An examination will show that the sudden d:minutions of terrestrial magnetic 
force are in neaily every case preccdcd by & sudden incrcase 


In the above extract we have given the author s exact words, but, 


while thinking with him that these actions are due to the sun, it 
does not appear to us to follow that the time of the sun's rotation 


2 Phil Mag August 1858 Phil Trans 1876 
3 Veenna Acad S June 15 1871 
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must be nearly twenty 31, days This assumes that the meridian 
of peculiar powe1 1s fixed on the solar surface It does not, howevei, 
seem impossible to imagine that such a meridian may have a proper 
motion of its own, and indeed the planctary hy pothesis of the ongin 
of sun spots would rather lead to this conclusion But if this be 
the case we shall be unable to deduce fiom recurent magnetic dis 
turbances the true value of the period of solar rotation 

87 Repetrtions of Magnetic Changes —J B Capello, duector of 
the Lisbon obse1 vatory 
(Proc Roy Soc. October 
1868), has remarked 
that at periods of dis 
turbance there are 
nearly synchronous 
movements of the de 
clination needle during 
correspondin hours for 
two, three, or more 
days. He thus describes 
these phenomena — 
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also see that the greatest 
number of repetitions be 
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‘that 13 to say those honis 
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: easterly J — 
morning hours there d> not 
appear to be any well 
marked repetitions There 
aie twenty fou. examples 
now given fiiteen of which 
show tepetition on two 
days, eight on three days 
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curve apptars repeated fur 
four days It appears that 
all the facts exhibited 11 
the . 8 agre with 
the cosmical theory the 
cause (existing in the san 
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tinue sometimcs dunng two 
three o1 several days with 
' “e1going remaikable 
asformution The 
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seems also to indicate that 
the cause possesses a proper 
movement the cause per 
‘sists, but only comes again 
‘anto operation when the 
earth by its diurnal rota 
tion is placed in a similar 
position or conjunction to 
that of the preceding days 
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Tastt \XIV —Cases in which the Larths Magnetic Force demin 
ished One thousandth of rts Value or more in 1844 45 (§ 86) 
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Solar Meridiin$ 
Date of lorce = 
ho of jan 1 122 Iiun 
wad adrcd 14 —-3t +l 
thou 5 to 10 Lto and others 
sandths 
1 87 to 8) —3E0 +8 10 +10 
2 W0tolle —104 +11 to +12 
3 141 to 143) —107 +11 to +12 
4 189 tc 100, —1lb +” to+ 8 
Fy 213 to 214); —17) +ot +6 
6 221 to 29>, —1° +13 to +14 
7 |267to270! —1l), +7 to +10 
8 273 to 2 4] —J04 +13 to +14 
9 }42)2t0 2941 —6$ +6to+ 8 
10 823 to 325} —1u0 +13 to +14 
1 861 to 364) —If —3t0 0 
12. {3873 to375| —210 +9 to+l1l1 
13 {383 to 385] —1f (—f to —4) 
14 (416 to 417; —118 Oto +1 
15 467 to 469} —30 —ilto +1 
16 26 to 528; —110 +6to+ 8 
17 570 to 571} —Ilut —2to —1 
18 077 +) 580} —102 +6to+ 9 
19 €08 to 604) —101 +5 to+ 6 
20 «606 to 607) —159 +8 to-+ 9 
21 63? to (33| —153 +8to+ 9 
22-646 to 648| —120 (—4 to —2) 
23 698 to 609} —118 +8 to+ 9 
24 |668to 670} —100 (—6& to —t) 
25 1684 to 687} —100 +8 to +10 
26 (696t» C98} —110 (—6 to —4) 
702 to 703! —231 —01t0 +1 
710 tc 712| —122 +8 to +10 





nights (Walkers Afagnetigm, p 80) 
gestions before dismissing this subject 

(1) If we imagine that these changes are caused by the solar 
influence acting vertically on some susceptible region of the earth, 
then, inasmuch as they occur at the evening or early night hours, 
this region must he considerably to the west 

(2) The region must also have a proper motion of its own (see 
Capello’s remarh) Is 1t possible that this proper motion 1s on 
the whole from west to east,—a motion which we hnow 1s pursued 
by meteorological weather, and in which it 1s imagined (§ v2) that 
magnetical weather as defined by us likewise participates ? 

88 Comparison of Declination Changes at Stations near each 
other —Messrs Sidgieaves and Stewart (Pro Roy Soc, October 1868) 
have compared together certain curves of the hew and Stony hurst 
declination magnetogiaphs These magnetographs are of the same 
pattern, and 1t was found that on o1dinaty occasions the declination 
traces at both stations were preciscly alike This was confirmed 
by placing the curves the one over the other, when they were found 
to coincide even in their most minute features In times of dis 
turbance, however, 1t wis found that the motions exhibited by the 
Stonyhurst curves were greater than those at hew, and this excess 
of Stonyhurst over hew depended not so much on the absolute 
size of the disturbance a3 on its abruptness 

This feature of the comparson 1s eahibited in the following 
table (XXV ), in which the excess of Stonyhurst over hew in scale 
divisions 1s compared with the abruptness of the disturbance, this 
element being measured by the changes occurring 1n unit of time — 
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It 1s very desirable that further compansons of this nature should 
be made 

89 Auroral Displays —These are verv frequent if not continuous 
near the magnetic poles, while in middle latitudes they are the im 
variable accompaniments of all considerable magnetic storms Near 


The strongest point in favour of the hypothesis 1s, he thinks, “not the equator they hardly ever occur 


so much the repetition of a single disturbance as the repetition 
of a complicated disturbance in most if not all of its sinuosities 
Several examples of thia occur im the diagrams It would seem 
that something of the above nature was suspected by Humboldt, 
the earliest investigator of disturbances Humboldt was astonished 
to discover the uency with which nocturnal perturbations 
occurred, sumetimes Tecurring at the same hour on several successive 


There 1s a considerable vanety in the forms assumed by these 


id | displays, and 1t 1s possible that this may denote a conesponding 


variety in the cause or causes which give mse to this phenomenon 
Looms (Smuhsonan Report for 1860) specihes five such 
varieties (1) a horizontal hght lhe the morning aurora or break 
of day, (2) an arch ot hght which trequently extends entirely 
across the heavens fiom east to west and cuts the magnetic meridian 
XVL — 23 
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nearly at nght angles —in tle i regions five such arches have 
Leen seen 2t once (3) slenler lun ious beams or columns well 
defined and oftcn ot a brgl t hglt (4 tlhe corona the centie of 
which 18 mvauably ncar the magnet: zenith but not always 
exactly coincident wit] 1t and (5) waves or flashes of hght 

90 Auroras cxhibit tle same annual vatiation as magnetic dis 
turtanc s anla_ most frejuent about the equinoxes—a fact first 
observed ly Maizin ha mtz in his Wf teorology gives the follow 
ing tabl wii] as ayy licalle to Europ an auroras 


Tasut \XVI —Vonthly F cqueicy of B rojetr Auroras 


Jan Fb Wr Apri May June J Age Sept Ot No Dec 
29 go? 440 312 184 6G 87 21 405 497 28 225 
Loomis igam in the memorr alrea ly quotel .ives the listnbu 
tion of Amcrican auroras over the vatio 1s n onths derived from one 
Jur ired and thirteen years observatio: sat New Haven and Boston 
twenty five years observations at \ ork and two years obser 
ee in Canala His results a1 1eyresentel in the following 
talle — 


TaBrk XXVII —Mowhly Ireq e cy f Arvericar Auroras 


Nwiok |} Canada 





It aes from this table that Amer: an lhe Eiroj ean auroras 
exhibit a maximum of freq 1ency about tl e e ywmoxes 

91 Since auroras ani ma, etic disturbances go together it 13 
natural to imagine that we shoull have great auroral disylays in 
years of maximum sw spots This 1s found to be the case aid in 
the following table (XXVIII ) Wolf's y royortional numbers denot 
ing sun spot fre yuency 1c comyared with the number of auroras 
witnessed in kuoye 1 1 Ancrica as compilel by Looms It will 
be seen fr m this tatle that years of mavimur auroras coincide 



































very \ with y ar f maximin sun jot 
| S n Spot A roral S n Spot A roral S n Spot! Auro al 
N nbr Nv nber \ br Nurbr | Numbe | Nun ber 
150| 831 31641 4 80 1418 13¢ 9 42 
1 1 1 30 #19 38 7 168 1041 60 
17v2| 4 17 1%] 16 | 8 1839 834 6 
170 ee) 1 1 97 6 5-184 18 8) 
14 1 lt 6198 4¢ 6 1841 8 67 
1tu 9 10 «619 | 1 4 1842-23 0 03 
1 12 9 1800 16 6 1843 131 37 
17 ol 7 i801 33) 6 184 13 39 
18 41 1418 4 6 184 38 48 
l7v ok b 1 183 70 1$4 96 4 
1760 «4 3 1804 14 14 «=: 18479 4 6 
1761 30.2 22. «218 43 14 188 149 
162 60 19-180 2R 4 1 194°] 9 4 €9 
1¢3 484 lo WT lll 4 180) ¢ 8 49 | 
1764 8 11 1808 2 1851' 63 6 
16) 14 8 1809 31 1 1852| 097 ¢7 
16) 141 1810 00 1 183! 3 3 | 
1767' 38 9 91811 1 16 4 1 3 
1768| 60% 30.181 4 1 18 20 
1069! 103 4 40 1818 16 4 = 1856 1 11 
10; 9 41 1814 #19 187' 2 21 
17 1| 8 %4 11! 32 | 18 8 37 
1772, 657 2% 1816) 4¢9 1 9 i 0 
1773; 3 33181 3) 1% 948 48 
174] 274 3  1818{ 9 11s 18¢1 6 
17 58 2 1); 2 1 1862 1 28 
176 217 28 «©1820 1¢ 8 Ib 44 29 
177 920 38-1821 61 4 1864 42 33 
1778 11 6) 182 39 1865 14 at 
179 1 4 0 «162 6 1 1866{ 147 31 
1780 8 2 67 «Ib 4 81 1 186 88 22 
1781 66 7 2 12 4  —-18¢8 8 32 
1782 8 537 «1863 OO 12 («189 a 
1783.22 47 «187 1 17 180 115 
1784 103 3188 6 1 281 8s 
1785| 2 56 Ib2 o $18 q 
1786' 812 8 180 60 2 18 t 
18 182 108 =—s-«d1831| 5 4 2 14 417 
1788, 1333 105 «183 | 26 13 18s 18 
1789| 1169 8 1833 94 6186 Ol 
1790 906 63 18st 8 j 1 lll 
17016 G 46 = -:183 0 1 18 5 8 
192 9) 37 |, 183r, 119 3 32 16 J 77 
1793 473 2 || | 
In tg 39 a giaphical re resentation 18 given of the hkeness 
which subsists 


tween the progress of auroial freyuency spot 
frequency and declination ranges a oe, 
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92 While the results now given leave httle doubt as to the fact 
of a conneaion of some sort subsisting between sun spots on the 
one hand and mag 
netic disturbances 
and auroras on the 
other yet it 1s 
desnable to obtain 
evi lence as to the 
closeness of the 
connexion between 
auroras and sun 
spots similar to 
that which was 
exhibited mm § 82, 
and which showed 
thecloseconnexion 
mn point of time 
between sun spots 80 1790 1800 78 G 7820 830 1840 1850 1860 1870 
and disturbances | | 
Loomis has with 
this view treated Fig 39 
auroras 10 precisely the same way 1n which he treated disturbances, 
and has obtained the following table — 





TABLK XXIX —Extent of Spotted Sular Surface : 
Days before Auro Aurora Days after Aurora 
6 5 48 2 1 1 2 83 4 8 6 
ool Devs }008 087 v10 ol 9 531 37 600 =o 8 v2 5 v3 3-514 533 507 


From which he conclules that auroial observations in the middle 
latitudes of America aie generally accompanie! by a maximum 
disturbance of the suns surface on the very day of the aurora 

93 arth Currents —These 11e electrical currents which take 

lace in the moist cust of the earth and were first detected by 

H Barlow (fA:l Trans 1849) At a later period they were 
systematically observed and studied by C V Walker (Phil 
Trans 1862) They are now continuously recorded by photography 
at the Royal Observatory Greenwich {arth currents are particu 
larly strong dumnng magnetic disturbances Sir George Airy has 
graphically compared together certain magnetic disturbances as 
recorded by the Greenwich self reco: ling magnetographs and the 
simultaneous earth currents recor led by a} propriate galvanometers 
(Phil Trais 1868) and finds 1t almost impossible to avoid the con 
clusion that the magnetic disturbances are produced by terrestrial 
galvanic currents below tle magnets The hk ness between the two 
s)steis of graphical representations 1s unquestionably very strik 
ing But while theie 1s no doubt an intimate connexion between 
ealth currents and magnetic disturbances there 1s one circum 
stance which should make us pause before assigning the former 
as the complete and efficient cause of the latter It 1s thus 
indicated by Lloyd }— 

When we examine the cu ‘ves in wh ch Mr B riow has 1ep eserted tl e course 
of the galvanometr c deflex ons caused by the eart! currents we observe tl at the 
regularity of that cou se 1s continually interrupted by ranid reciprocating move 
ments in which the needle oscillates from one side to the other of the zero 
alternately These movements ares milar tothose f the magnetomete s witt 
wh ch we are familiar b t they are much more ii and beara larger propor 
thon to the regular cl anges I have selected for calculaton tle obser 
vations made dur ng the sx lours commencing at 8am n May 29 1848 that 
be ng a period of comparat ve dstu bance The sum of tle hanges of the 
galvanometer needle durng that pe 1od on the De by and Rugby line was 
equ alent to 571 d visions of the mstrument—the mean daily range for the 
ent re week being 114 divisions and the rat o=v0 Tle sum of the 
cl anges of the Greenwich de ] nome er du ing the same pertod was only 57 
mnutes them a daily range being 124 nnutes’ In 1ke ma ner the sum oi 
the chang s of the horizontal force was 0158 and the mean daily range 0084 
The ratio is accordingly the sam fo the two magnet c clements and its amount 
is46 or less than one tenth of the correspond gia o in the case of the gal ano- 
net cal changes We learn the efore that the rapid clanges of tle earth 
currents are much gieater in p 10 thon to the 1egular daily cl anges than the 
correspond: g movements of t e magnetometers 

We shall return to this subject in a subsequent } art of this article 

94 Inequalitus wn Terrestrial Magnetisr. caused by the Moon — 
Krerl in 1841 was the first to } omt out that the moon his a small 
influence on the position of the declination necdle and shortly 
afterwards the sime fact wos independently discovercd by John 
Allan Broun The more recent observations of Sabine and of 
Broun but especially those of the latter have thrown much light 
upon the nature of this action As the lunar influence 18 not 
generally large, 1t 18 necessary to tree the observations from the 
r sults of other mequalities and this has beendone by the two 
observers above mentioned The results given m Table XXX 
have been obtained by Sabine (see Walker s Magnetssm) 

95 Thus (1) the mean effect of the moon upon the declina 
tion needle 1s to cause in each lunar day a double oscillation and 
Sabine has shown that the lunar influence upon the other magnetic 
elements 1s of a similar type (2) [he turming points for both 
hemispheres are 1n all cases not far remove] from the lunar hours 
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TaBLt XXX —Mean Lunar Diurnal Var ration in Declination 
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4n t 18 table + mdicates that the north end of the magnet 18 to the east and 
— that it 1s to the west of 1ts mean position 


0, 6, 12,18 (3) In the northern stations we have a maximum 
westerly deflexion about the hours 0and 12 and a maximum easterly 
deflexion about the hours 6 and 18, while in the southern stations 
the action 1s the reveise of this (4) Lhe oscillations would appear 
to be most decided at those stations, such as Toronto and Hobait 
Town, that are far removed fiom the equator 

96 Annual Variation of Lunar Fffect —Pioun has recently 
studied with much success the peculiarities of the lunar nfluence it 
Trevandram, and has obtaincd some very unexpected iesults His 
first 1esult was that the natuie of the lunar influcnce upon the de 
chnation needle at Trevandrum depends upon the time of the yea, 
and that the southern type of lunar action predominates at Trevan 
drum during the winter and the northern type dunng the summcr 
months It we take the mean of the whole year, then probably 
the southern type will be found to ; redominatc 

97 Mean Lunar Diurnal Variation during the Day and during 
the Night —Broun has shown that the action of the moon on the 
declination needle at Trevandrum 1s greater in every month of the 
yeal during the day than dung the might The following table 
(AXXI ) gives the day and mght 1anges for the vamous months 
and then ratios — 





It would appear fiom Brouns observations that there 1s 
difference of type as well as a difference of 1ange 

98 Lunar Diurnal Variation vith Referenre to the Moon's 
Distance —Both Sabine and Bioun have shown that tins variation 


1g greater for perigee than for apogee Broun has found that the 
mean ratio of the apogee effect to the pengee cficct 1s as 1 to 1 24 
nearly He remarks that ‘ the ratio of the moons mean distance 
from the earth in the half orbit about apogee 1s to that in the half 
orbit about perigee nearly as 107 is to 1, as the cube of 1 07 18 
1 23 nearly, we see that the mean ranses of the curves for the two 
distances are 1n the approximate 1atios of the mverse cubes of the 
moon s distance from the earth, as in the theory of the tides 

99 Lunar Diurnal Variation with Reference to the State of 
the Suns Surface —hreil m a memoun presented to the Impenal 
Academy of Science in 1852 considers that the observations at 
Prague and Milan tend to show the existence of a solar period in 
the lunar vanations Sabine (Phil Trans , 1856) has discussed the 
Toronto observations and also (Phil Trans , 1857) the Hobart Town 
observations with the view of deciding this important pomt and has 
come to the conclusion that there 1s no systematic difference in the 
lunar variation corresponding to the decennial period of the solar 
diurnal variation, but merely such casual fluctuations as mnzht 
be reasonably expected, considering the shortness of the periods 
which they represent 

We have made a prelimmary discussion of Broun » Tievandrum 
observations with the view of throwing a little more ght on this 
subject For this purpose we have taken the ranges of the lunar 
diurnal variations recorded by him for each month of each year 
We have in the first place grouped these ranges together into 
threes, representing quarterly results, and have then compared 
together these quarterly results for years of small and for years of 
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great sun spot frequency,—-assuming the years 1854 56 and 1863 64 
to represent the former, and the years 1847-62 to represent the 
latter We have thus obtained the following result — 


Table XXXII —Relation between Lunar Diurnal-Ranges of 
Declination at Lrevandrum and Sun Spot Frequency 





Great Sun Spot | Smal Sun Spot 
Ficqucercy Freq ency 











February March April 

May June July 

August Septembe: October 
November December January 





It would appear fiom this table that such ranges arc greater at 
years of maximum than at ycars of mimimum sun spot frequency 
Nevertheless the proof 1s not conclusive masmuch as associated 
with such lunai ranges we mav have 1emn ints of solar disturbance, 
t o tendency of which might possibly be to increise the apparent 
range Now such distubances are moie frejuent at times of 
maximum sun spots, and it might therefore be conjectuicd that 
this tendency would be to increase the ap} arent lunar range at 
such times above the range corresponding to years of mimmum 
sun spots On the whole we are not disposed to think that the 
cvidcnce already adduced 1s sufhuient to decide this question 
as a matter of fact ether in the one direction or in the other 

100 Variation an the Diurnal Range of Deelination depend 
ang upon the Age of the Bfoon —Capello (Annals of Lisbon Observa- 
tory, 1876) and Stewart (Proc Joy Soc, 1877) have separately 
found that the range of declination 15 greatest about the times 
of new and full moon a result recently confirmed by © Chambers 
of Bombay The following are the results recorded by Stewart 
deiiyed from 197 lunations at the hew Observatory — 


Taser \\\III —Vanrration of Diurnal Range of Declination 
with Moons Age (0) denoting New and (4) Full Moon 

Phasc of lunation (0) (1) (2) () (4) (5) (6) 
Value of 1ange 519 512. 49949508 409 

101 Earth Currents caused by Lunar Influence —Mr Alexander 
J S Adams (ature March 3, 1881) has made use of a telegraph 
wire the ends of which were connected with the earth, the one at 
Cardiff and the other at London He obseived the currents on this 
Wire every quarter of an hour from March 28 to April 26 1879 
He believes that such are earth cunents nd that they lave a 
lunar diurnal yanation There are dung the lunar day, according 
to this observer, four electrical maxima two positive and two nega 
tive, evch maximum being divided from the next by a zero or 
point of no current His 1esults likewise exhibit a regular retarda 
tion o1 lagging of the earth cunent vanations behind the corre- 
sponding phasc of the moon to the extent of nearly three hours, 
but these require confirmation from further observations 


(7) 
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THE EFFecT oF SoLAP VARIABILITY ON THE METEOROLOGY 
OF THE Eartu 


AAD Wha enaw Vanen Seam tha nennndimee nawnrwanha that tha 


sun exercises a more powerful influence upon the magnetism of 
the earth at times of maximum than at times of minimum sun- 
ae It remains now 10 und whether a similar vanability 
obtains 1n the phenomena of terrestrial meteorology For this 
la we mvy divide the meteorological elements into the four 
1visions of pressure, rainfall wind and tem crature, inquiring in 
what manner these are affected by sclir inequalities 

103. Pressure —In 1871 Baxen lell ( Yemorrs of the Lit and Phil 
Sovrety of Manchester 1871-72) from an analysis of eleven years 
of the Radchitfe observations, Oxford, came to the conclusion that 
In years of maximum sun spots the matimum barometric pressure 
occurred under north east winds and the mimimum under south 
west, while in years of mimimum sun spots the maximum and 
minimum piessures took place respectively under north and south 
east winds) He came Jukewise to the conclusion that, besides this 
difference m distmbution of the convection currents of the earth, 
the forces which give 11se to the movements of the atmosphere 
appear to be more energetic 1n years of matimum than 1m years of 
minimum sun spots 

104 A study of the isobanc lines would appear to be the best 
method of obtaining information upon this important pomt = It 18 
well known that during summer the intenors of large continents 
have a peculiarly low and the sumrounding oceans a peculiarly 
high atmospheric pressure, while a disposition exactly the 
reverse obtains dumng the winter months All this 1s no doubt 
due to solar action, and we might therefore imagine that when the 
sun is peculiarly powerful these peculiarities of distribution will be 
found to be increased 1n prommence, while they will be dimimshed 
at times of comparativcly weak solar influence 

The distribution of pressure has been studucd with much success 
the Indian meteorologists, cluding Messrs Archibald, Blanfo 


180 


Broun, Charles and Frederxk Chambers Khot and Hill and the | 
following conclusicn 1s the result of then lakcus We my assume 
that the Indo Malayan ce has for the mean of the ycar a 
barometric pressure yrolatly Ludlow the general aveiaze of the 
earth We might thorcfac imagine that during veais of } owerful 
solar influen ¢ this peculiarity would be incieasel Now these 
observers have founl that m this Inlo Malayin 1egion the 
barometer 15 alnormally low duwing times of mavimum sun 
spots Ayan western Sibaila as a district which in the winter 
season has ayressure Ie 1kcdly above the averan,, and we should 
theretorc ima,iuc that lung veais of powerful solar mfuence this 
winter pressure should be peculaily Inzh but this is what 
Blanfor d his f unl in his discussion of the Russian stations to 
totresy m1 with ycars of maximum sun spots } 

Aum bicdeick Chamlcrs has enunciited the following laws as 
T sulting trom his discussion of ya110us meteorological records — 

(1) Varations of the sun spot irea are succeeded some months 
afterwards in the Inlo Malayan re,ion by conesponding abnormal 
baiomctric vanlations a Jil barometer correspon ling to a mini 
mut of sun spots ¢ 

(2) ‘This lag.ing behin 11s .1cater for easterly than fcr westerly 
stations In othe: words this Ii] e other meteorological } henomena, 
appcars to tiavel fiom woot to east 

Ve may therefc1e conclude that the barometric evidence as far as 
it goes 1s in fivour of the hypothesis that the sun is most powerful 
at times of miximum sun gj ots 

100 Raf idll—Herghts of Rivers and Lakes —In 1872 Mel 
dium of the Mauntins Observatory brought forward evidence 
showing that the rainfalls at Mauitius, Adelaide and Brisbane 
were on the whole greate: m years of maximum than 1n year 
of mimmum sun sjots Shortly afterwards it was shown by 
Lockyer (Aatuze December 12 1872) that the same law was 
observe le m the rainfalls at the Cape of Good Hope and Madras 

Mcllium has since found that the law holds for a gieat num 
ber of stations including ughteen out of twenty two European 
observatonies with an average of thirty yea1s obseivations for each 
The 1esults are exhibited in the following table (AXXIV ) — 


Numterot 1cars Lxeess (+) or detect (—) in 
Name of Obsers tory cf OL civiti n= maximum Sun Spot years | 


Inches 
1 StPetu burs 41 +13 08 
2 Christiania al +19 60 
8 Edinburgh 1 +06 8u 
4 Konics crt, 19 —22°9 
5 Beiln il +10 99 
6 Utrecht 11 + 044 
7 Munste 19 +22 02 
& Gieenwict 2 | +11 3 
9 Breslau v3 +49 90 
10 Bonn 11 | + 8 90 
ll Busel 41 +13 84 
12 Trague 9 +23 7 
13 Pars 64 +28 ¢ 
44 sVienn il | + 994 
1 khremwnurs r 41 —183 
16 Nic la cff ll + € 44 
WGnea 41 — 61 
18 Milan 39 —11 31 
19 R me 18 +18 30 
20 Lston 11 + 5 0v 
21 Faleimo 41 + 40 
22 Athens 11 +10 &h 


It would howcver apjeu from the observations of Govcrnoi 
Rawson that the aainfall wn Barbados forms an caception to this 
rule being gicatest about the times of immumum sun 5 ots 

106 Gustav Wex in 1873? showed that the recor f 1 de} th of 
water in the rivers kKlbe Rhine Oder Danube and Visti li for the 
s1x sun spot periods from 1800 to 1867 was grater at times of 
maximum than at tunes of minimum sun spot freyuen y These 
tonclusions have since been confirmed by Piofesso: Frits 4 

Quite recently Stewart (Proc Lit and Ihil Soc of VUanchester, 
1882) has treated the evidence given by Iritz as regards the J Ibe 
and Seme m the followmg manner He divides each sun jenod 
without regard to its exact len.th into twelve portions and yuts 
together the 1ccorded 11ver huhts correspondin, im time to 
similar portions of consecutive sun peiods He finls by this 
means residual differences from the average representing, thie same 
aw whether we take the whol or cither half of all th 1ccorded 
observations and whethcr we take the Elbe or the Scine The 
law 1s that there 1s a maximum of mver height about the timc of | 
maximum sun spots and ancther subsidiary maximum abcut the 
time of minimum sun spots ‘Theie 15 some icason too to thik 
that the Nile and [hames agree with those 11vus in exhihitin. a 
maximum about the time of maximum sun spots and a sul liaty 
maximum about the time of mmimum sun spots, only the sub 
midiary maximum 1s greater than it 1 for the Kibe and See 

1 Nature November 25 and December 2 1880 

2 Nature Mar h 18 1880 


3 Ingenseur Zertechryyt 1878 


y ee dse Bertehungen der Sonnenflecken Pervode 2u den Maynetischen ---7 
nN 


ooss hen Rrechetnungen der Erde Haarlem 1878 | 
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107 In 1874 G M Dawson came to the conclusion that the 
levels of the gieat Ametican lakes were highest about times of 
maximum sunspots In this imvestigation the value of the 
evidence derived from rivers and lakes 15 no doubt greater than 
that derived fiom any single 1ainfall station masmuch as in the 
former case the 111nfall of a large district 1» inteziated and urcgu 
larities due to local mfluence thus greatly avoidec 

108 Dr Hunter, director general of statistics in India, has recently 
shown (Nineteenth Ce tury November 1877) that therecorded famines 
have been most frequent at Madras about the years of minimum 
sun spots—years hhewise associated with a diminished 1azfall 

109 Winds and Storms —Meldium of the Mauritius Obser 
vatory found in 1872, as the 1esult of about thirty years observa 
tions, that there are more cyclones 1n the Indian Ocean during 
years of matimum than dung years of minimum sun spots > The 
connexion between the two 1s exhibited im the following table — 


TaBIE AXAV —Comparison of the Yearly Number of Cyclones 
occurring in the Indian Ocean with the Yearly Number of 
Spots on the Sun 











| Number 
Pees J | Numbe1 Number Number | Numbe. Total Bea 
rega ds of Hun i Sto ‘ of Whole of Strong Number of in Wax 
Sun canes [°F S*OTMS | Gales Galus [Cyclones gar y 
Spots Perio Is 
| 1847 5 0 0 0 5 
max | 1948 | 6 2 0 0 | 23 
1849 3 9 3 2 10 
1850 4 3 1 0 8 
1851 4 2 1 0 7 
1852 5 0 8 0 8 
1803 1 1 5 I 8 
1804 3 1 0 0 4 
Mm 18a0 3 2 0 0 5 13 
1856 1 0 2 1 4 
1897 2 1 1 0 4 
18 8 3 1 3 2 9 
189} 3 2 6 4 15 
Max / 1860 7 4 2 0 18 39 
1861 5 2 2 2 11) 
1862| 4 2 2 2 10 
1863 5 2 1 A H 
1864 2 2 1 
1865 2 2 8 0 T 
Mn {| 1866| 1 4 2 1 8 21 
uel $ | ] 3 |e tg 
] 0 
1869 | 3 1 3 2 9 
wef Pd Pg | by ah a 
18 2 ( 5 1 1 18 
1873 4 5 3 0 12 








Up to May 31 


In 1873 M Poey® found a simila: connexion between the hurn 
canes of the West Indies and the years of maximum sun spots. 
He enumerated thiee hundred and fifty seven huriicanes between 
1750 and 1873 and stated that out of twelve maxuma ten agreed 

110 In 1877 Mr Henry Jeula, of Lloyds and Dr Hunter found 
that the casualties on the registered vessels of the United kingdom 
weie 174 per cent greater coring the two years about maximum 
thin during the two years about minimum 1n the solar cycle 

111 Zemperature —Baxendell, in a memoir alieady quoted, was 
the first to conclude that the distribution of temperature under 
different winds like that of barometzic pressure 1s sensibly im 
fluenced by the changes which take place in solar activity}. In 
1870 Piazai Smyth published the results of an important serics 
of observations made from 1837 to 1869 with thermometers sunk 
in the rock at the Royal Observatory, Kdinbargh He con 
cluded from these that a heat wave occurs about every eleven j ears, 
its maximum being not far from the minimum of the sun spot cycle 
sirG B Any has obtamned similar results from the Greenwich ob 
servations Jn 1871 E J Stone examined the temperature obser 
vations recoided during thuty ycars at the Cape of Good Hope, 
and came to the conclusion that the same cause which leads to an 
excess of mem annuil temperature at the Cape leads equally to a 
dissipation of sun spots Dr W hoppen in 1873 discussed at great 
length the connexion between sun spots and terrestrial temperature, 
and found that in the tropics the maximum temperature occurs 
fully a year before the mimimuin of sun spots, while in the zones 
hey ond the tropics 1t occurs two years after the mmmum The 
regularity and magnitude of the temperature wave are most strongly 
marhed in the tropics 

112 The evidence now given appears at first sight to be antago 
nistic to that derived from the other elements both of etism 
and meteorology, and to lead us to conclude that the sun heats us 


| most when there are fewcst spots on its surface This conclusion 


will not, however, be strengthened 1f we examine the subject with 
greatcl minuteness 
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Seientifically we may regard the earth as an engine of which 
the sun 1s the furnace the equatozal regions the bouler, aid the 
polar regions the condenser Now tlus engine may be supposed to 
work i the following manuer Hot air and vapour are caricd 
along the upper regions of the atmosphere fiom the equator to the 
poles by mean. of the anti trade winds while m return the cold 
polar air 1s carried along the surface of the earth fom the poles to 
the equator, forming what is hnown as the tride winds When 
ever the suns heat 1s most powerful both trades and anti trades 
should be most powerful hikewisc But we live in the trades rither 
than in the anti trades—in the surface currents, and not in the 
upper currents of the carths atmos} here When, therefore the 
sun 1s most powerful 18 1t not possible that we might have a yarti 
cularly strong and cold polar current blowing about us? The same 
thing would happen in the case of a furnace fire the stronger the 
fie the more powerful the hot diaught up the chimney, the more 
powerful also the cold draught fiom without along the floo of the 
room It might thus follow that a man standing in the furnace- 
room near the door might be chilled rather than heated whcn the 
furnace itself was roaring loudest In fact tem] erature 1s a ] heno 
menon due to many ciuses =Thusga low temperature may be due 
(1) to a deficiency in solar power, 12) toa clouled shy, (3) to cold 
rain, (4) to coll winds (9) to cold water ani ice (6) to cold pro 
duced by evaporation (7) to cold produced by radiation mto space 
@Blanford has recently shown that at ccitain Indian stations 
alow mean temperature occurs when there 1s an unusually lage 
rainfall and a great amount of clouds a1esult m accordance with 
the conclusions previously enunciated by Profussor Piaz71 Smyth 
Records of maximum and minimum temperature must not there 
fore be too closely assourited with a maximum and mmimum of 
solar power 

113 Considerations of this natwie have miluced Stewait to 
imagine (Nature, June 16, 1881) that the tiue connexion between 
sun spots and terrestrial temperature 1s mote likely to be discov ered 
by 2 stu ly of short period inequalities of sun spots than by that of 
the eleven year period in which there 1s time enough to change the 
hygrometnec state of the atmosphere and the whole convection 
system of the earth Ho has accordingly discussed at some length 
two prominent sun spot inequalities of short period (about twenty 
four days) and endeavoured to see in what way they affect terres 
trial temperiture Fiom this it appears that a rap] increase of 
sun spots 1s followed in 1 day or two by an increas of the diurnu 
temperatme range at Soronto Now anincrerse of diurnal tempera 
ture range most probably denotes an incicise of solu energy and 
we are thus led to associate an increase of sola: heat with a large 
development of spots This, ho vever, 1s a pomt which requues 
furthe: investigation 

114 General Conclusion —On the whole we may conclude that 
the meteorological motions and processes of the earth aie probably 
most active at times of maximum sun spots and that they agree 
with magnetical phenomena m representing the sun as most power 
ful on such occasions althoush the evidence derived fiom meteor 
ology 1s not so conclusive as that derived from magnetism 
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115 Prinerples of Discussion —In the following discussion we 
clam only to advance a working hypothesis, with the vicw of su,- 
esting further inquiries into the subject of terrestiial magnetism 
t seems therefore desirable that we should limit ourselves to such 
ptobable or possible causes as are hnown to exist and to operate on 
the earth These various agents or causes will be discribed, and 
ne shall endeavour to show that converging lines of evidence point 
in sevcral cases to certain of these 15 being most likely to produce 
that particular type of effect which 1s exhibited in terrestrial 
magnetism This course will in our view most readily suggest 
further mnquinies with the view of confiirmmg or disproving the 
various points of this working hypothesis Belwving that the 
introluction of any unknown cause can only be justified when 
known causes hve been found insufhcient to account for the pheno 
men in question, we have not advocated any direct magnetic action 
of the sun upon the eaith We have refiained from this for two 
reisons —first, because fiom what we now know of the sun it 
appeats to us unlikely that 1t should exercise an influence of this 
nature upon the earth, since a body at a hizh temperature possess 
Ing very strong magnetic properties 1s unknown to us_ and, 
secondly, we shall ace further on that such an influence will not 
explain the best understood magnetic chan_cs_ nor 1s there in our 
opinion any magnetic phenomenon for the ex; ination of which it 
app ars absolutely necessary to resort to this hypothesis In fine, 
without presuming to deny the possibility of unknown influcnces 
of this naturo, it does not pear to us that the time has vet aizived 
when we are called upon to resort to such as necessary aids t) the 

discovery of further truth 

116 Nature of Solar Varrations —It 18 quite certain that thcre 
18a variability in the visible appearance of the sun’s disk, which 
exhibits sometimes a comparstively large amount of spotted ares 
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while on other occasions 1t 18 entirely free from spots Now it has 
been remarkcd by Thomson that were the sun an incandescent solid 
its surface would become cool in a few mmutes The astomshing 
property which our luminary possesses of pouring out cr ntinuously 
a vast amount of ridiint energy must unqucstionably depend upon 
machinery ot great powcr by means of which fresh hot a cs 
are 1apidly brouzht fiom the interior to the surface, while thos 
articles which have given out then light and heat are rapidly 
farmed downwards to be recruited from the great storehouse of 
heart mm the sunsccntie In fine, a giantic system of convection 
currents of this nature forms the esseutitl condition without which 
the sun would not be able to continue shinin, as 1t does 
The mottled appearance of the sun s dish as seen thiough a tele- 
scope denotes no doubt the existence of a vast system of ascending 
and descending currents, the hot matter msing from beneath being 
denoted by the bnghter portions and the ccld matter descending 
from above by the darker portions of the structure On certain 
occasions and 1n certain regions of the sun the scale of these } heno 
mena 1s greatly increased, and we have + hu,e up rush of bn ht 
an 1 corresponding d wn rush of black matter—in fine the well 
Lnown sun spot with its bnght faculous 1 pendages Whenever 
sun spots aie very frequent we should therefore expect the convection 
system of the sun to be particularly powerful and the great velocity 
and size of the 1cd flames or the higher portions of the convection 
system observed around the suns limb on such occasions confir1 
us in this supposition And if the convection system of the sun 
be particularly powerful when there are most spots on its surface 
it would scem to follow that the radiation from our Juminary should 
on such occisions be particularly poweiful also The spectroscc pe 
leads us to the same conclusion It would appear fiom the obser 
vations of Lockyer and othcrs that at tumes of m2\1m um sun spots 
certain definite iegions of the sun whcn examined sp ctroscopically 
pies nt all the appearances of a very ugh tempcrature 
We are unil Ie to confirm these conclu ions by direct observatious 
of the suns heating powcr Actinometrical determinations have 
not yet becn made itl sufficient accuracy and persistence to decide 
this point ex; c1lmentilly We have, however, evidence of an in 
direct nature derived from tertestnal magnetism ani meteorology 
all tending to make us think that the sun is most powerful dunng 
times of maximum sun s;ots We have seen that on such occasions 
the solar influcnce uyon the ma,netism of the earth 1s peculiarly 
powerful in more than one way and that its influence on meteoto 
ogy 18 then pecuhaily powerful also althouzh we are not so ceitan 
of this latter fact as of the form r 
We may therefore take 1t to be must yrobable that the sun is 
most powerful at times of maximum sun spots and proceed from 
this basis to propound the two followi g questions —in the first 
place, what 1s the nitme of the solar influence upon terrestrial 
magnetism? and, secondly, why 1s this influence so much more easily 
perceived than certain forms of solar influence upon meteorology * 
117 Diurnal Magnetic Varvations— Hypotheses regarding them — 
The various speculators on the cause of these phenomena have 
ranged over the whole field of likely explanations (1) It has been 
pris ae that the sun acts directly as a magnet upon the magnetism 
of the earth (2) It his been imagined that convection currents 
established by the suns herting influence in the upper regions of 
the atmosphere are to be rrgarded as conductors moving across lines 
of magnetic force ani uc thus the vehicle of electric currents 
which act upon the magnet (3) Faralay reasoning from his 
discovery that oxygen 1s piramagnetic, and becomes weaker in its 
powcr when heated, and stronger when coolcd, supposed that the 
sun by heating ceitain portions of the atmosphere renders them 
less magnetic while others not subjected to any heating influence 
are rendered more magnetic The action 15 equivalent to a dis 
placement by means of the sun of the magnetic matter of the earth 
and involves a displacement of the lines of force Here too the 
solar action 1s associated with the gieat mass of the atmospherc 
(4) It has been supposed by Chnistie ind by De la hive that the 
heat of the sun produces in the atmosphere and in the carth thermo 
electriu currents which produce the daily magnetic yuitions — It 
is not easy to perceive how we coull have thermo elec tic currents 
mm the upper regions of the atmcsyhere, but there 1» no obvious 
objection to the generation of such currents in the crust of the euth 
Thus the first hy pothesis his no reference t» the atmosphere whit 
ever, the second deals with the upper atmospheric regions, the 
third with the great | odv of the atmospher, while the fcurth, as we 
have ventured to modify it, has 1 ference to the crust of the eal h 
118 Discussion of these Hypothexs —Dr Lloyd and Mr C 
Chambers! have both shown that direct solir magnetic actin will 
not account for the peculianties of the diurnal magnetic variition 
Again (§ 48) we have strong evidence that changes in the range of 
th daly magnetic vanation lag behin i corresponding solar changes 
in point of time Now this kind of behwnour i» mconsistent with 
direct magnetic action, and points rathcr to an indnect magnetic 
effect caused by the radiant energy of the sun 
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119 Let us therefore disiriss the hypothesis of dnect a tion and 
conaider that of Faraday We know both from observations of the 
declination and honvontil force (Zroe Ahoy Soc, Match 22, 1877, 

md Phil Zrans , 1880 1 541) that the action of the sun im pro 

ducmg diurnal viriations of these elements 1s one and 1 half times 
as powerful at epochs of mtaimum as it 1s at epochs of minimum 
sun spot fiequency It 15 hirdly credible that there should be 
such a great difference on those occasions in the sun s heating effect 
upon the gieit bulk of the itmosphere Meteorologists have never 
observed such 4 diffurencc nor 1s there any} maiked coricsponding 
mequality of diurnil t myeritme range Mcteorologicil evidence 
is thus 1,unst the diumnal magnetic changes being due to the 
heating up by the sun of the ,reat mass of oxygen which constitutes 
the magnetic portion of the euth s atmosphere Agum, as there 1s 
a preponderance of hot oxygen in the northern hemusphcre during 
the June and in the southein hemisphere dusing the December 
solstice, there ought according to this theory to be a well marked 
annual variation of the magnetism of the earth the northern hemi- 
sphere being at the same time differently «lected from the southern 
But there a1¢ no traces of such a phenomenon, the annual and sem 
annual variations which we have already dcscribed (§$ 64 67) being 
of quite 4 liffcient naturc, and none of them very Jirge 

120 Precisely the same objections 1p} ly with even greater force 
to the fourth hypothesis It seems impossible to allow that any 
heating effect of the crust of the euth cause1 by the sun can be one 
ind a hilf times as great at epochs of maximum 1s 1t 1s at epochs 
of minimum sun spot frequency 

121 We ire thus ditven Ly the method of exhaustions to look 
to the uy per regions of the earth s atmosphcre as the most probable 
seat of the solat influence in producing diurnal magnetic changes 
and t nee! hudly be said thit the only conceivable magnetic cause 
cy able of oj criting im such regions must be an electiic current 
Now ve huow from our study of the wurora that there are such 
currents in these 1egions—continuous near the pole and occasional 
im lower latitudes A good deal has been sid about the difficulty 
ot imagining 1 daily set of currents to le generated in regions of 
such imperfect conductivity but we shall see by and ly (§ 134) 
that there stems ground fot 1magining thit their conductivity may 
be much greater than has hitherto been supposed 

122 Analogues betucen the Aoieipalopeal and Magnetwal Systems 
of the Ewth —We have in the fst y lace + zone of maximum ter 
restrial temperature the middle line of which 1s nearly comeident 
not only with the geozraphic il but likewise with the magnetical 
equator Agnin, there arc possilly m the northern hemisphere 
two yoles of gicatest cold which jossibly do not greatly difler in 

osition from thos. s) ots which we have called magnetic poles or 
oc1 About the southern hemis} here we have no information 
kurthermore we b lieve that the hot air 1s carted from the zone 

of greatest heat to the place or } laces of gicatest cold by means, no 
doubt of the return trad » which blow in the upper atmospheric 
rezions The hot ar divides at this z ne onc y art blowing north 
wards in the northern and another southwai ils in the southern 
hemisphere Now this zone, from which the anti trides divide 
ha» an annual motion of its own, being found farthest north at the 
June solstice and farthest south at that of December Probably too 
the northern 5)sttm 1s stion,¢st in June and the southern system 
in December If we now turn to the solar diurnal vanution of 
magnetic declination we fin 1 here also a nort! cin and a southern 
system (§ 41) the type of the one being antazomistic to that of the 
other We find also that the northern system 1s stron,¢st in June 
and the southern system in December 

Again, 1t seems probable from what we have now said that the 
anti tiades, strictly speaking have 1efcrence not to the gec zray hic il 
equator and yolcs but to the zone of maximum and the yoles of 
minimum tcmperiture Now, turming once more to the diurnal 
oscillations of the d clinxtion needle, 1t seems yrobable thit the 
directions eist and west must be interpr ted as hising a icfcrence 
not to the geographical but to the magnetical 7 ole (§ 45) 

These analogies must be taken for what they arc worth Our 
object in introducing them has reference to the previous discussion 
from which we conclu led that the magnetic influence of the sun 1s 
probably due to cur nts im the upper region of th atmos; here— 
the cause of which we weie content to leive in abeyance Now 
these analogies woul! | ad us to suggest that this cause whatever 
it 18, may perhaps be foun to be related to the conve tion syst m 
co earth on the onc hand al to the magnetic system on the 
other 

123 Anal jes between Meteorol ral and Magnetical Weather — 
These remarks aie borne out by the further wilogy whi h ap; cars 
to subsist betwixt what we have termed metcorologi al and mag 
netical weather Let us takethe solar imnal vanation of declina 
twn. Not only 1s this vamation similir m form to the diurnal 
variation of atmospheric temperatwe (§ 37), Lut the ranges of the 
two have a similar annual variation And, as the clement of 
meteorological weather affer+s the orderly march of the temperature 
range, just so the element of magnetical weather affects the ordeily 
march of the declination range 
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Furthermore, just as temperature range weather progresses from 
west to east (§ 52) so declination range weathe: would seem to pro- 
gicss in the same diection as the other (§ 52) although at a greater 
ritcu It will doubtless 1<quire a more extended investigation to 
mtke us quite sure of this latter pomt, nevertheless we do not 

verceive the validity of the objection that 1s sometimes made to the 

ypothesis of progiess 1n magnetic weather on the ground that 
magnetic influences are known to affect all portions of the globe 
simultaneously It will, we think, be perceived that in the above 
statement no supposition whateve: 18 made with respect to the rate 
of propagation of 1 magnetic influence through the earth, this may 
be instantaneons or i1t may not It 1s supposed that we have here 
a tiavelling cause of excitement, say a travelling cause of currents 
in the upper regions of the atmosphere which progresses from west to 
east and always produces its most marked effect above those regions 
where 1t passes—just as the sun itself in passing fiom east to west 
produces a magnetic effect the various phases of which travel from 
east to west with the sun which causcsthem We think too that this 
hypothesis of trivelling causes of magnetic change 1s strengthened 
by the facts observed by Capello and desciibed 1n § 97 

124 If, howevei, the objection made to this hypothesis 1efers to 
the fact disclosed by Bioun (§ 35) that changes of horieontal force 
appear to take place simultaneously at distant parts of the earth’s 
surface then we think that analogy should lead us not to deny the 
possibility of a taavelling magnetic excitement, but rather to anges 
the possibility of there being some meteorological influence which 
hike the magnetical one above mentioned, my be found to take 
eee simultaneously at different parts of the earths surface Now 

roun (Proc Roy Soc, May 11, 1876) has given us preliminary 
evidence for supposing that there are simultaneous baiometnic varia 
tions For instance, there was a barometric maximum at Hobart 
‘lown, Peking, the Cape, St Helena, Makerstoun, Singapore, 
Madtas, Simla, Ekaterinburg, and B.goslovsk about the end of 
March or fust day of April 1845 Thcre apjcars to have been a 
simultaneous incrcase of the honzontal foice of the earth at various 
stitions much about the same time, and thee ilso appeals to have 
becn a short period maximum of spots on the solu surface Broun 
has likewise registered simultaneous barometric vaii.tions at Singa- 
pore, Madias, and Simla, fo. the frst three months of 1845 From 
these 1t would seem that simultaneous barometric maxima are 
possibly comcident with rapi lly increasing sun spot areas 

Again 1s it not absolutely certain that uf there 1s a sudden increase 
of solar power this must mein an increase of heat communicated 
to the earth, although 1t may be difheult or even impossible to 
obtain experimental evidence of such a fact? All these are sub- 
jects which require further investigation 

120 Further Remarks on the Solar Durnal Varvation of 
Declination —In § 24 we hive asked how far the action of the solar 
diu:nal force upon a freely suspended magnet 13 due to currents 
icting directly upon the magnet and how far to a change produced 
in the magnetism of the eaith Some lisht appeais to be thrown 
on this pot by the behaviour of the needle at places near the 
magnetic pole where the dij ping needle 1s nearly vertical On 
opposite sides of this locality the dechnation needle points in opy o 
site directions Now suy}ose that we have + set of such necdles 
placed al] 1ound this region Jt scems a legitimate generalization 
trom the observations described by Sabine (§ 45) to conclude that 
if we ylace ourselves above the ccntie of any of these necdles at 
8 aM _ and look towards its markcd pole, we shall find it in every 
cise deflected towards the 11ght, while if we look towards the same 
yol at 21M we shall find it deflected to the eit Now if we 
unagine that at 8 AM there are above these magnets (1n the upper 
atmospheric regions) electrical currents of whi h the horizontal 
cmponcnts form a ect of positive currents flowing fiom the y ole on 
all sides then by the hnown Jaws of such currents the marked pole 
of all these needles will be defle ted tow uds the nght Anlif at 
23M the resolved portions of such curmcnts should be flowing 
towards the pole, then the marked poles of all those needles wall be 
dcflecte | towards the left It thus ay ee that this yecuhar 
magnetic behaviour night easily be explainel by a hypothetical 
distribution of currents And in fact in such regions we have in- 
dubitable evidence of the cxistcnce of currents in the upper regions 
of the grr tet On the othtr hand this behaviour could not 
easily be explained by the hypothesis of some dcfinite temporary 
magnetic system set up by the solar influence in the earth, for in 
such a case we should imagine that similar poles of all the necdles 
ought to be deflected towards the yole of this tempoary syatcm, 
which 18 not the case 

126 Another point for consideration 15 the possible complexity 

ff the solar diurnal variition Jor we may imagine (1) that the 
sun acts in such a manner as to produce a diurnal variation , (2) it 
my also act like the moon (§ 94) and pro luce a semidiurnal vara 
tion , (8) these possible actions may be accompimicd by induced 
currents in the upper regions of the atmosphere and in the crust of 
the earth (4) it 1s | gt that the suns rays may affect these 
yatiations or some of them im the way gn ah Broun found that 


. the lunar yanation at Irovandrum was affected by the sun It 
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‘was found by him that the lunar action was considerably increased 
‘when the sun was above the hon1zon of the place 
127 We have pointed out (§ 119) that, while there 1s a maiked 
likeness in many respects between the diurnal variation of declina 
tion and that of atmospheric temperature, we have yet no long 
period fluctuation of the diurnal range of temperature at all com 
arable in magnitule to the magnetic fluctuations It does not, 
owever, seem difficult to account for this difference 1f we imagine 
that the magnetic fluctuations take then ongin in the upper atino 
spheric regions, while the temperature fluctuations ate due to the 
lower regions of the euths atmosphere For, as the sun increases 
in power from times of minimum to times of miaimum sun spot 
frequency, we may aap that a continuously increasing amount 
of aqueous vapour will be taken into the earth s atmosphere 
Now the experiments of Tyndall and others induce us to think 
that the air would under such circumstances become more and more 
opaque for certain 115s of the sun, and thus a continuously decie1s 
ing proportion of the suns heat would be able to penetrate into 
the lower atmospheric regions This latter mfluence would there 
fore operate to cloak, perhaps to a considerable extent, the effect of 
the suns increising powcr, and tis may very well be the reason 
why the temperature 1ange at the earths surfice does not exhibit 
the same eleven yearly inequality as the declination ranze 
o@28 Ihete seems ho ever reason to believe that if we go fiom 
Jong to shoit period inequalities there 13 a much greatcr similarity 
im the range of the magnetical and the meteorological changes 
{§113) Lheexplination scems tobe that in the shoit period changrs 
the sun has not time to alte sensibly the constitution of the atmo 
epaelts and hence the proportional increase of effect expericnced in 
the uppcr atmospheric regions 1s more neatly the same as that 
experienced near the surface of the earth 
129 Magnetic Disturbances —Lhere 19 strong evidence that the 
most important disturbances break out very nenly simultancously 
at widely different pirts of the earth ind that they even atlect both 
hemispheres at the sume time Very little, however 1s known 
about the modus operands of the forces concerned 1n producing such 
disturbances For instance it 18 not known whether a disturbance 
permanently affects the magnetic state of the earth eg, whethe 
one of the magnetic elements before a disturbince be,ins is sensibly 
different in value from what it 1s after the disturbance has ceased 
to exist On the other hand we know (1) that disturbances break 
out on the very day when there are rapid chan,es taking place 
on the suns surface (§ 83), (2) that they generally bes by 
momentatily increasing the hoizontal force but that the type 
uickly changes so that during most disturbinces the honzontal 
orce 18 diminished (§ 86) (8) that large disturbanccs take place 
more particularly about the equinoxes when, we have 1eison to 
believe, the ho1izontal force of the earth 1s at a minimum (§ 77) 
May we not possibly conclude from these habits of action that at 
times of disturbance the earth 1s magnetically in a delicate state of 
equilibrium, perhaps having more magnetisin than 1ts surroundings 
would strictly warrant and being therefore inclined to pait with 
some, and that a sudden increase of solar activity tending as su h 
changes probably do at first to exalt the magnetism of the earth, 
nevertheless destroys 1ts magnetic Lalance and gives it ultimately 
the ef abe of paiting with some of its mignetism? This can 
only be regarded as a speculation inasmuch as we do not know 
whether or not a disturbance pioluces any permanent influence 
uj on the mgnetism of the earth 
1380 Auror ts and Earth Currents —There is no doubt that these 
phenomena denote electric cunents m the uyper regions of the 
atmosphere and in the moist conducting crust of tle earth The 
pont in dispute 1s with respect to the origin of such currents 
ome are inclined to regaid auroiis as peculiw manifestations of 
See eet electiicity 1n high latitudes while othersim igine that 
such displays are rathe: of the nature of induced cunents generated 
by small but abrupt changes taking place in the magnetisin of the 
eirth The advocites of the first view do not deny that currents 
taking place somchow in the upper atmospheric regions will hav ethcrr 
conditions modified, to some extent at least, by the inducin, influence 
of magnetic changes Nor will the advocates of the induction hy po 
thesis be disposed to deny the possibility or even the ceitunty that 
displays due to atmospherical electricity and not dissimilar to some 
kind of aurora take place in some region of the atmosphere But the 
first patty regard autorss rather as the cause than as the effect of nag 
netic changes, whereas the ads ocatesof induction regard such displays 
rather as the effect than as the cause of changes somehow produced 
in the magnetism of the eatth And here it 18 destt ible to »emark 
that the advocates of the induction hy othesis take for granted the 
magnetism of the earth and the changcs thereof as phenomena for 
which they do not profess to account, whereas unless we go to some 
absolutely unknown cause (and this 1s against our pt sent pro 
pane) we must look to atmospherical ele ctricitv as hhely to throw 
ght upon the ongin of terrestrial magnetism Wc cannot thercfore 
dispense with regarding atmospherical electricity as an agent which 
may have played an important part in the development of the 
present magnetical condition of the earth, but we are vet of opinion 
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that, undcr the present state of things, the theory which holds by 
atmospheric electricity must largely be supplemented by the mnduc- 
tion hypothesis if 1t 1s to explain the peculiarities in type or form 
of the phenomena which otservation brings before us 

181 Professor Tait in his essay on thunderstorms attributes one 
kind of aurora to atmospherical electneaity Such 1m aurora 1s, he 
believes, the manifestation of almost continuous discharges, like 
those given by a Holts machine in a vacuum tube The cause 18 
condensition of vapour going on very slowly in very large spaces of 
ar The electricity is due to previous contact of particles of air 
and vapour ‘The result is that the air particles in the mixture in 
time acquire a definite difference of potential from those of vapour, — 
so that, when the latter aggregate, a misty region well ee 1s the 
result, and this discharges to the oppositely electrified air all round 

182 Again, Professor Stokes without attempting to account for 
the origin of atmospherical electricity, has produced an hy pothesis 
with the view of explaining the mtimcite connexion subsisting 
between auroral displays, earth currents, and magnetic changes on 
the one hand and outbursts of sun spot activity on the other His 
1dca 1s that two somewhat distant atmosphenc regions A and B are 
charged, let us say, with positive and negative electricity respec- 
tively A induces in the ground below it a SME of negative, Ba 
charge of positive electriuty At first things are held in this state 
A cannot discharge either through the upper atmospheric rezions 
to B or through she lower regions to the ground beneath it, while 
B isin 1 position precisely similar Presently, however, an increase 
of the 1adiative j ower of the sun 1s produced Such an increase 
would probably imply not mevely an imcrese in general radiation 
but a particular increase in such actinic rays as aie absorbed in the 
upper regions of the earths atmosghere The layer of atmosphere 
between A and B will therefore greedily absorb such rays, its tem 
perature will 11se and as 1s known to be the case foi gases the 
clectrical conductivity of the stratum will be increased A dis 
charge will therefore ultimately take place in the upper regions 
between A and B this will reheve the charges of negative and 
positive in the ground immediately bencath A and B and these 
charges will therefore rush together through the ground, producing 
an earth current This earth current will be in the opposite direc 
tion from the atmosphenc current, and the two will combine to 
represent, virtually at least, 1f not absolutely, aclosed circuit This 
will of course vffect the errth s magnetism and } roduce 1 disturbance 

133 This hj pothesis certainly affords a good explanation of the 
promptness with which disturbances follow increased solar activity 
(3 83) Unless we ate to resort to some unknown ciuse 1t 18 difh 
cult to think of any othe: possible explanation of this fact Such 
an explaination appcars too to receive corroboration from the fact 
(§ 97) that the lunar influence on the errth s magnetism as observed 
at Trevindrum 1s ~reater during the day than dumng the mght,— 
gieater } ossibly too at times of maximum than at times of minimum 
sun spots We ate therefore disposed to accept this explanation of 
the way in which increased solar activity produces magnetic dis- 
turbance as the best that has been brought forward 

134 This does not, however, decide the disputed point how far 
these elevated currents are due to atmosphericil electricity 1n 1 how 
far toiniuction The argument agunst the possibility of induced 
currents in these remons 1s dered from experiments with vac uum 
tubes such as those 1ecorded by Messrs De la Rue and Muller, which 
would secm to indicate that enormous difftrences of potcntial would 
be requned to produce electiical currents in elevated regions where 
the atmosphere 1s very rare 

Indeed, on account of these experiments the measurements of 
the old observers, who sometimes assigned a height of more than 
100 miles to the aurora have been called in question and it has 
been supposed against direct observation that these phenomena must 
always occur im regions much Jess elevated It would 2py ear too 
that such reasons were influential in determining Professor Stokes 
to regard the auroraas produce 1 by atmospherical electricity which, 
as we know fiom ordinary liajhtning presents us with enormous 
differences of potential , but it 1s to be remarked that he has care 
fully guarded hunself against the possibility of laboratory expen 
ments with vacuum tubes not being strictly analogous to that ich 
takes placein the upper atmos; he1icregions Now it would appear 
that recent experiments by Hittorf throw some doubt upon the 
strictness of thisanalogy ‘he high difference of potential required 
to force the current through vacuum tubes 1s, according to this 
observer, due in great part 1f not entuely to the passage ot the fluid 
fiom the terminal to the residual ur of the tube, so that the } oten 
tial requisite to pass a cuirent through a tube of double length 1s 
not sensibly greater than that required for a tube of singh kngth 
‘Lhe whole subject 1s one which demands further investigition, 
met iwhile we are not disposed to assert the imposulility of induc 
tion currents taking place in the upper atmospheric regions 

1385 Let us now consider whether the form or ty;¢ of the cath 
currents observed during disturbancts favours the presence a1 in Luc 
tion to any sensible extent The remaths of Dr Lloyd alrnady 
quoted (§ 98), which are confirmed by the Greenwich obscrv ations, 
seem to be decisive in thia respect These may be interpreted in 
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the following manncr In a magnetic disturbance we have fre 
quently a general displ cment of the various elements—the hort 
ontal for e, lor instance =n w on the curve which represents this 
slow but consilcabl = laspla cm nto large number of compatatiy ely 
small but very aliupt changes are snyerimyosed These latte1 
appearinces we invalably accom; im d by quick and strong alter 
nations fiom } itive to newrtive of the euth cunts while the 
former slow moti n alth ugh it may le of large range, harlly 
appears tyhas any ,alvam cquivalentat all — Llas would appcar 
to fiyour th imtuction hypothesis, acending to which small but 
abrupt magn & chang s should give rise to strong euth currents 
alternately positive and negative without referen to the position 
of the ma,uct i ove or Lclow its normal at the tic 

136 Another fact bearing uy o1 this hy pothesis 15 tht mentioned 
in § 88 = From this it would appear that on o1 linary occ istons the 
eunves 1cc ording the r1oztess of the declination needle at hew and 
Stonyhuist ate 1s neatly 1s possible 1lenti al but on occasions of 
disturbance th« 1 mge at Stony hurst 1 gi ater thin that at hew by 
an amount n t appucntly dependim, so mu hon the mignitude of 
the disturbance as on its ibiuytnes Th imtroduction of the 
element of abruyiness woull ypeu t b m frvour of the mn 
nz up to some extent of induce i cunt nts with the ; henomena in 
qui stion 

137 Sir George Any has not lecn a! eto tect iny resemblance 
m form between the 1c fulir diurnal } 10¢1ess of the magnet aud that 
of the earth curr rts It seems however possib'e that the perks 
aud hollows illu te 1 to in § 73 may form in important and integral 
put of the Luly mignetic movement anl there even rppeais to be 
some evidence thit the diumnal yrogress of the ewth currents bears 
© neircr rescinblance to that of the pcraks ani hollows thin it does 
to the } rogress of the smoothcr curve which 1s usually held to 
represent thc diunal variition But this 1s a question which can 
only be decided by more prolo ige | investizations 

138 To conclude, there cin be no doubt that at tin es of great 
magnet: distuilanuce we have currents in the upper atmospheric 
regions ad im the crust of the euth wii h, so taras we cin see 
must either be due to atmos] herical electricity or to unduction, o1 
toa minature cf both Lhe pi 4 ortions of this mixture cain only be 
decidei by further inqmry ani ly the multizlication of stations 
where itmosphericil electricity wnd earth curents may be obserscd 
It ought to he mentioncd thit the exp rience of the hew observes 
as fai as this extends scems unfavourable to the hypothesis of 2 
connexion butwien wuioras ain L atmos] here clectucity 

139 Lunar $ niliwrnal Var ation —Fiom the tact observe l Ly 
Broun (§ 98) that the moons mign tic influ nce 1s as newly as 
possible inversily proportional to the cule of the moons distin 
from the earth 1 is 1m ossille to 1¢frain from associating it ether 
directly or indirectly with some thin, havin, the ty pe of tidal action 
but in what way this influence operates we cannot tell Is it 
possible that the earth cunents olserved by A Adams (§ 101) ae 
induction currents genciated in the conducting crust of the euth 
by the magnetic change caused by tne moon,—inasmuch 15 these 
currents were found Ly him to be strongest in one duection about 
the lunar hours 3 ml15 when the tunat diurnal magnetic effect 
is changing most tapi lly in onc duc tion (§ 95) while thcy were 
found to be str ngcst in in opy osite dir tion about the lunir hours 
9 and 21 when the Innar jiuruil magnetic cilcct 1s chiuging most 
raplily in an oj posite direction ? 

140 We might perhaps expect fiom the analogy of the tiles that 
the sun should possess a semidiuinal magnetic eff t similar in type 
to thit of the m on Now Sn George Airy in his analysis of the 
earth currents obscrve] at Guenwih 7h1 J2ans, 1870) during 
days of tran jul misnetism hi detected in such currents a sem 
diuinal inequality havin, mivima mm onc in ction at solu hous 
8ani15 whil it has maximain the oppcsite lie tion it solar hours 
Gand 21 Thercterence t solar hours m this mequility 1s thus 
eel sumilar to that which the incyuality observed by Adams 

ears to lunar hours 

141 If thae are inlucel currents of this natme in the crust of 
the ewrth we night utturally supposc that there will be correspond 
ing curicnts in the upper regions of the cath s atmespher = =niin 
accol lince with the suggestion made by Professor Stokes (§ 132) 
we might perhaps sup] ose that these currents will be strongest when 
the upper ato pho resins u_ heated ty the sun an! therchy 
rendered b t crc niuctcrs [sit not possil le to suj jose that the 
influence of dayh ht unjon the lunar magnet effect dis overed by 
Broun (§ 97) muy be du to thas ciuse and may it not also mduce 
us to recoznize the p ssilility of 4 maximum Junat influence ($ 99) 
at times of maximum sun 5 ots when thcre1s reason to believe that 
solar radiation 1s most powerful ? 

142 Secular Variatvon —Sabine and Wilker are agrud in 
regarding this variation 1s cosmical in its crigm and they are 
apparently of oj ion that it 15 causcd oy some change im the con 
dition of the sun Itseems difi ult if not imposuble to attibute 
1t to anything else, since the t 1clla of Hullcy cannot be now 
regarded as having a physical exi tence Agen st 15 more than 
possible—it 1s probable—that there atc solar .amations of much 
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longer period than eleven years On the other hand the evidence 
given in § 81, tending toshow that an access of sun spots produces a 
change in the magnetic state of the earth consistent with the hypo- 
thesis that the magnetizing power of the sun has then been 
auginented, requircs to be confirmed by more obseivations, and 
even then it 18 certain that this magnetic change produced by a 
considerable change in spotted aiea is extremely alt We cannot 
therefore regard the very large secular magnetic change as due to a 
non cumulative magnetic influence of some long continued solar 
Variation , nor dots 1t seem possible to attibute the change to 


- solar influence at all unless we regard this influence as producing 


| 


1esults of a cumulative nature 

It 1s possible, however, to regard solar influence as producing a 
cumul itive effect in one of two ways, or by a coml mation vf both 
For (1) time 1s necessarily an element in any influence acting upon 
the hard iron system of the eaith—presuming the earth to possess 
such a system ‘Lhere ate im fact indications mm the results of § 82 
that a system of this kind 1s perhaps connected with the American 
pole, yet even allowing the influence of time, it seems difhcult to 
account for the peculiarities of the secular vaiation by an h 
thesis of this natue But (2) fny long continucd variation of solar 
power would no doubt act cumulatively n producing an increase or 
diminution of the large ice fields round the poles of the earth In 
the course of time this cumulative change in the extent and ds 
position of these might perceptibly alter the distribution of the 
convection currents of the earth—and these, according to the views 
herein indicated, might 1m their turn perceptibly alter the earth’s 
magnetic system 

143 Concluding Remarks —If we agree to looh for an explanation 
of terrestrial magnetism and its changes to stiictly terrestrial pro 
cesses, We my derive some issistince In our search from such con- 
siderations connected with symmetry as enable us, for example, at 
once to perceive that when two perfectly similar things are rubbed 
togethe: we cannot have electiical separation, because there 1s no 
reason why the one should bc positively and the ovher negatively 
electrified Suppose then that an observer stands at the equator 
and looks towards the north, and then turns his back upon the 
noith and loohs towards the south In the first position let him 
regard the northern system of meteorologic il processes and motions, 
and in the second the southern Now if symmetry obtained vbso 
lutely 1 these systums—that 1s to say, if the observer, whether he 
regarded the northern or the southern system of things, had in 
eithe: case precisely similir phenomena at his mght hand and at 
his left—then we should see no reason why the eaith should be a 
magnet, or why one hemisphere should be the seat of magnetism of 
the one hind rather than ot the other If then we regard metcoro- 
logical processes and motions as being in some Way the cause of 
terrestrial magnetism, we must dnect our attention to that peculiar 
element which causes a want of perfect symmctry such as we have 
desc1ibed in meteorological phenomena This element can hard] 
be anything else than the rotation of the earth, which 1s from left 
to ght to an observer facing the north, but from 11ght to left to an 
observer facing the south 

144 Now ig look upon the terresti1al meteorological system 
modified by the earth s rotation as having produced somehow in the 
pst the magnetic state of the earth, 1t seems most natural to 
regird the svstem which formerly produced this magnetic state as 
being likewise that which at present maintains it 1n its efficiency, 
and which also accounts for the virions magnetic chanzes which 
take place It would seem therefore that terrestrial meteorology 
and terrestrial magnetism are poy cognate subjects, and that 
they ought to be studied together 1n the well founded hope that the 
phenomena of the one will help us to explain those of the other 

Furthermore, if these meteorological proccsses—deriving their 
one sided chiracter from the earths rotation—are to be regarded 
as accounting not only for the origin but for the maintenance of 
the earths magnetic system, we can hardly fail to :magine that 
these piocesses must derive part of the energy which they exhibit 
from that of the earth s rotation Ti lal energy we know 18 derived 
trom this source but we must likewise regard pirt of the energy 
displayed in convection currents whether 1n the air or in the ocean 
as detived no doubt fiom the same source And we may perhaps 
allow that in the phenomena of tidal action, as well as in those of 
convection currents of the ur and ocean, there may be, not merely 
1 transmutation of actual encrgy directly through friction into heat, 
but Ihewise a transmutation of it, ultimately perhaps into hcat, 
but first through the imteirmcdiate agency of electrical currents 
which serve to maintain the magnetic state of the earth and to 
produce magnetic changes 

Now if this be the case, if there be a large and complierted system 
of tidal and convection currents all tending to change the rotative 
eneigy of the earth ultimately into heat, whcther directly through 
friction or indirectly through the mcd-um of electricity, 1 18 sure 
unp sible with the present state of our knowledge to calculate wit. 
the smallest pretensions to accuracy at what rate this transmutation 
1s taking place, and hence at what rate the velocity of the eaith’s 
rotation 1s being slowly diminished, (BS) 
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dae history of Wesleyan Methodism embraces—(1) the 
Methodism of Oxford, which was strictly Anglican 
and rigidly rubrical, though 1t was also more than rubrical, 
(2) the evangelical Methodism of the Wesleys after their 
conversion (in 1738), of which the Wesleyan doctrines of 
conversion and sanctification were the manifesto and 
inspiration, while preaching and the class meeting were the 
great motive and organizing forces,—a movement which 
before Wesley’s death had developed into a form contain 
ing, at least m embryo, all the elements of a distinct 
church organization, although in its general desiznation 
and deliberate claims it purported to be only an unattached 
spiritual society , and (3) Wesleyan Methodism since the 
death of Wesley, which, by steps at first rapid and after 
wards, though leisurely, distinct and consecutive, assumed 
an independent position, and has grown into complete 
development as a church 
1 Oxford Methodism —This began nm November 1729, 
when John Wesley, returning to Oxford from Lincolnshire, 
where he had been serving his father as curate, found that 
his brother Charles, then at Christ Church, had induced a 
few othcr students to join him in observing weekly com 
munion John Wesley s accession lent weight and character 
to the infant association Then first bond of association, 
besides the weekly communion, was the common study of 
the Greek Testament, with which they joined regular 
fasting, the observance of stated hours for private devotion, 
the visitation of the sich, of the poor, and of prisoners, 
and the imstruction of neglected children They never 
themselves adopted any common designation, but of the 
variety of derisive names they received from outsiders that 
of “‘ Methodists’ prevailed,—a sobiiquet the fitness of 
which, indced, as descriptive of one unchanging and insepat 
able feature of Wesley s character (which he impressed also 
on his followers), was undeniable 
This first Oxford Methodism was very churchly 
Between 1733 and 1735, however, a new phase wa» devel 
oped Its adherents became increasingly patristic in then 
sympathies and tendencics, and Wesley came much under 
the fluence of Wilham Law In regard to this penod 
of his history, Wesley himself says that he 
‘* Bent the bow too far by making antiquity a coordinate rather 
than a subordinate rule with Scripture by adinittim, several 
doubtful writings, by extending antiyuity too far by belicving 
more practices to have becn universal in the ancient church than 
ever were 8o by not considering that the decrees of 2 yrovincial 
synod could bind only that province and the dectees of a sei 
synod only those provinces whose representatives met thereim, 
thit most of those decrees weie adapted to particular times ind 
occasions, ani consequently when those occasions ceascd, must 
case to bind cven those provinces 
It was in 1736, durmg his residence in Georgia, whither 
he had gone as a missionary of the Piopagation Society, 
that he learnt those lessons Notwithstanding his ascetic 
seveuty and his rubrical pynctulios, the foundations of his 
High Churchmanship were gradually giving way When 
he returned to England he had already accepted the 
doctrine of “salvation by faith,” although he had not as 
yet learned that view of the nature of faith which he was 
afterwards to teach for half a century He had, however, 
as in the journal of his homeward voyage he tells us, 
learned, “in the ends of the earth,” that he “who went 
to America to convert others was never himself converted 
to God” In this result his Oaford Methodism came to 
an end 
The original Methodism of Oxford never at any one 
time seems to have numbered as many as thirty adherents 


There was a set called “ VWethodists,” but there was no 
organization, no common bond of special doctrine or of 
discipline , there were habits and usages mutually agreed 
upon, but there was no official authority, only personal 
influence The general features of the fraternity, if frater 
nity 11 may be called, seem to suggest closer analogies 
with the “Tractarian” school in its earlier stages than 
with anything else in modern history, and the personal 
ascendency of John Wesley may remind us in some mcasuie 
of the influence exercised a century later by J H 
Newman There was no more any germ of jcrmancnt 
organization in the Oaford Methodism of 1735 than in the 
patristic and “ Tractarian” school of Oxford of 1633} 

2 Methodism after Wesleys Conversion —John Wesley 
landed at Deal, on his retuin from Georgia, on February 
1, 1738 His journals on the homeward voyage, says 
Miss Wedgwood,” “chronicle for us that deep dissatisfac 
tion which 15 felt whenever an earnest nature wakes up to 
the incompleteness of a traditional religion, and his after 
life, compared with his two years in Georgia, makes it 
evident that he passed at this time into a new spiritual 
region ’” ‘ By Peter Bohlu,? in the hands of the 
great God, he writes in lus journal, “I was, on March 5, 
fully convinced of the want of that faith whercby we are 
saved This “conviction was followed on March 24 of 
the same year (1738) by his “conversion 

Like most good men of that age im England, Wesley, 
before he came under the influence of his Woravian teacher, 
had regarded faith as a union of intellectual bclicf and cf 
voluntary self submission—the belief of the crecds and 
submission to the laws of Christ and to the rules and 
services of the chuh, acted out day by day and hcur Ly 
hour, 1n all the prescribed means and services of the church 
and in the general duties of hfe From this conccption 
of faith the element of the supernatural was wanting, and 
equally that of personal trust for salvation on the atone 
ment of Chnst The work ot Bohler was to convince 
Wesley that such faith as thi, even though thee meht 
be more or less of divine influence unconsciously mingling 
with its attamment and exercise, was essentially nothing 
else than an intellectual and moral act or habit, a natural 
operation and result altogether different from the true 
spiritual faith of a Christian This conviction led him a 
fuw days afterwards to stand up at the house of the Rev 
Mr Hutton, College Street, Westminster, and declire that 
five days before he had not been a Christian When 
warned not thus to despise the benefits of sacramental 
grace, he rejoined, “When we renounce everything but 
faith and get mto Christ then and not till then, have we 
reason to believe that we are Chiistians —It 1s true that 
for several years after this he remaimed High Church m 


1 One evidence of th 1s to be foun’ im the early and wile diverg 
ence of the various memlers cf the Oxt 11 Metholist co mypary after 
then bruicf assoviation at the university came to an enl Wehr w 
which wiy the Weslevs weit we hnow also the ser uate } tl t at 
their friend Whitefield made for himself John Clavt n the Ji tite 
churchman, settled at Manchester, renounce! the Wesev afte: they 
began then evangelical movement and remaimed an unler ti + High 
Chuichman to the end Benjamin Ingham became 9 great evan list 
in Yorkshire founded societies and with his soueties or clu hes, 
took the decisive step of leaving the Church of En land an 1 en bracing 
the position of avowed Dissent The saimtly Gamboll a} oct 1 weil 
ws a theologian and meacher became a Moravian bishoy James 
Hervey was in after Inte a famous evangelial clergyman holding 
‘Low and Calvimistic views These were the chict of the Method- 
ists of Oxford 

2 John Wesley and the Evangelical Reaction of the 18th Century 

3 A disciple of Zinzendorf, then in ngland on Ins way to America. 
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some of his principles and opinions, but nevertheless his 
ritualism was dead at 1ts roots 

This expcrience also made Wesley an evangelist He 
had a forgotten gospel to preach,—the gospel by which 
men were to be convcrtcd, as he had been, and to be made 
“new creatuics And this result, this new birth, was 
not dependunt on any churchly form or ordinance, on any 
priestly prerogative or service, or on any sacramental grace 
or influence To raise up, accordingly, by his preaching 
and ycrsonil influence, a body of converted men, who 
should themselves become witnesses of the same truth by 
which he had been saved, was henceforth to be Wesley’s 
life work This was the inspiration under which he 
became a great preacher, this also made him an organizer 
of his living witnesses into classes and societies In the 
pulpit was the preachinz power , in the class room was the 
private and personal influence The vital link between 
the pulpit and the class meeting was the doctrine and 
experience of “conversion Thus Wesleyan Methodism 
is derived, not from Wesley the ritualist, but from Wesley 
the evangelist x 

Wesley s doctrines offended the clergy His popularity 
as a preacher alarmed them The churches were soon 
shut against lim He attended the religious meetings— 
on a Church of England basis—which had existed in 
London and elsewhere for fifty years, so far as these were 
still open to him, the Moravian mectings, and meetings in 
the rooms of private friends, but these were quite 
insufficient for the zeal and energy of himself and his 
brother, who had been “converted” a few days before 
himself Accordingly, nm 1739, he followed the example 
set by Whitefield, and preached in the open air to immense 
crowds In the same year also he yielded to the urgency 
of his followers and to the pressure of circumstances, 
and, becoming possessed of an old building called “the 
Foundery,’ 1n Moorfields, transformed it into a meeting 
house Here large congregations came together to hea 
the brothers About the same time, in Bristol and the 
neighbouring colhery district of Kingswood, he found him 
self obliged, not a little against his will, to become the 
owner of piemises for the purpose of public preaching and 
religious meetings Here was the beginning of that vast 
growth of preaching houses and meeting rooms, all of them 
for newly fifty years settled on Wesley himself, which, 
never haying m any way belonged to the Church of 
England, became, through Wesley, the possession of the 
Methodist Connexion 

The religious societies through which the Weslcys, after 
their conversion, exercised at first their spiritual influence 
were in part, as has been intimated, Moravian,—that m 
Fetter Lane, of which the rules were drawn up by Wesley 
himself m 1738 (May 1), being the chief of these,—and 
in part societies in connexion with the Church of England, 
the successors of those which sprang up in the last years 
of the Stuarts, as if to compensate for the decay of 
Puntanism within the church In 1739, howcver, a strong 
leaven of antimomian quictism gained entrance among the 
Moravians of England (Bobler himself haying left for 
America in the spring of 1738), and Wesley, after vamly 
contending for a time against this corruption, found it 
necessary formally to separate from them, and to establish 
a society of Ins own, for which a place of mecting was 
already provided at the Ioundery This was the first 
society under the direct control of Wesley, and hercin was 
the actual and vital beginning of the Wesleyan Wethodist 
Society, that 1s, of Wesleyan Vethodism Hence the 
Wesleyans celebrated their centenary in 1839 It was not, 
however, till 1743 that Wesley published the Rules of his 
Society By that time uot a few other local societies had 
been added to that at the Foundry, the three chief centres 
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beng London, Bristol, and Newcastle Hence Wesley 
called his Society, when he published the “ Rules” im 1743, 
the “United Societies” His brother’s name was jomed 
with his own at the foot of these Rules, im their second 
edition, dated May 1, 1743, and so remained 1m all later 
editions while Charles Wesley lived Those Rules are still 
the rules of Wesleyan Methodism Since Wesley's death 
they have not been altered During his life only one 
change was made of any importance In 1743 the offerings 
given weekly in the classes were for the poor, there being 
at that time no Conference and no itinerant preachers 
except the two brothers, after a few years the rules pre- 
scribed that the weekly contributions were to go “ towards 
the support of the gospel” The Society 1s described as 
“a company of men having the form, and seeking the 
power, of godliness, united in order to pray together, te 
recelve the word of exhertation, and to watch over one 
another in love, that they may help each other to work 
out ther salvation” ‘The only condition previously 
requued of those who desire admission into these societi~s ” 
is “a desire to flee from the wrath to come, and to be saved 
from their sins” The customary contribution was a 
minimum of a penny a week or a shilling a quarter 

In 1739 these societies were not divided into “ classes ” 
But mn 1742 this further step in organization was taken, 
and the change 1s recognized in the rules of 1743 Leaders 
were appointed to these classes, and became an order of 
spiritual helpers and subpastors, not ordained hike lay 
elders in the Presbyterian churches, but, like them, filling 
up the interval between the pastors that “labour in the 
word and doctrine’ and the members generally, and 
furnishing the main elements of a council which, in 
after years, grew up to be the disciplinary authority im 
every “society ’ In every society there was from the 
beginning a “steward to take and give account of moneys 
received and expended After afew years there were two 
distinct stewards, one being specially appomted to take 
care of the poor and the “poors money,” the other being, 
1m general, the “society steward ’ And, finally,—though 
hardly, perhaps, during Wesley’s lifetime,—in the larger 
societies there came to be two stewards of each description 
The leaders and stewards together constituted “the leaders’ 
meeting, of which, however, the complete circle of func 
tions grew into use and into recognit on only by degrees 
The Rules of the Society, which are strict and searching, 
relate to worship, to conduct, and to the religious life, but 
do not once mention or refer to the Church of England, 
the parish church, or the parish clergy The only authority 
at first was the personal authority of the two brothers, 
exercised either directly or by their official delegates 
After years had passed away the leaders’ meeting came to 
have an important jurisdiction and authority, but its nghts 
and powers were neither defined nor recognized until after 
Wesley’s death From first to last there 1s no trace or 
colour of any Anglican character in the organization 
Moravians or Dissenters might have entered the fcllow- 
ship, and before long many did enter it who had either 
been Dissenters or, at any rate, had seldom or never 
entered a church What would today be called the 
“unsectarian ” character of his society was, indeed, in 
Wesley’s view, one of its chief glories All the time, 
however, this “unsectarian” society was only another 
“sect” m process of formation Wesley for many years 
before his death had seen that, unless the rulers of the 
church should come to adopt in regard to his somety a 
policy of liberal recognition, this might be the outcome 
of his life work And it would seem as if in his private 
confidences with himself he had come in the end at times 
to acquiesce in this result 

Still more decisive, however, was the third step in the 
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development of Wesley’s “Society” The clergy not only 
excluded the Wesleys from their pulpits, but often repelled 
them and their converts from the Lord’s Supper This 
was first done on a large scale, and with a systematic 
harshness and persistency, at Bristol in 1740 Under 
these circumstances the brothers took thecdecisive step of 
administering the sacrament to their societies themselves, 
in their own meeting rooms, both at Bristol and at Kings 
wood This practice having thus been established at Bristol, 
1t was not likely that the original society at the Foundery 
would rest content without the like privilege, especially as 
some of the clergy in London acted in the same manner 
as those at Bristol There were therefore at the Foundery 
also separate administrations Here then, in 1740, were 
two—if we include Kingswood, three—separate local 
churches, formed, it 1s true, and both served and governed 
by ordained clergymen of the GQhurch of England, but not 
belonging to that church or in any respect within its 
government As thereafter during Wesley’s life one of 
the brothers, or some cooperative or friendly clergyman, 
was almost always present in London and im Bristol for 
the admmistration of the sacraments, these communions, 
when once begun, were afterwards steadily maintained, the 
Lord’s Supper being, as a rule, administered wechly 
Both on Sundays and on week days full provision was 
made for all the spiritual wants of these “ societies,’ apart 
altogether from the services of the Church of England 
The only lnk by which the societies were connected with 
that church—and this was a link of sentiment, not an 
organic one—was that the ministers who served them 
were numbered among its “ priests ” 

In 1741 Wesley entered upon his course of calling out 
lay preachers, who itinerated under his directions To the 
societies founded and sustained with the aid of these 
preachers, who were entirely and absolutely under Wesley’s 
personal control, the two brothers, in their extensive 
journeys, administered the sacraments as they were able 
The helpers only ranked as laymen, many of them, indeed, 
being men of humble attamments and of unpolished way» 
For the erdimary reception of the sacraments the societies 
in general were dependent on the parish clergy, who, how 
ever, not seldom repelled them from the Lords table So 
also for the ordinary opportunities of public worship they 
often had no resource but the parish church The simple 
service in their preaching room was, as Wesley himself 
insisted, defective, as a service of public worship, in some 
important particulars besides which, the visits of the 
itinerants were usually, at least at first, few and far 
between Wesley accordingly was urgent in his advices 
and injunctions that his societies generally should keep to 
their parish churches , but long before his death, especially 
as the itinerant preachers improved in quality and increased 
in number, there was a growing desire among the societies 
to have their own full Sunday services, and to have the 
sacraments administered by their own preachers The 
development of these preachers into ministers, and of the 
societies into fully organized churches, was, 1f not the 
inevitable, at any rate the natural, result of the steps 
which Wesley took in order to carry on the work that was 
continually opening up before him 


In 1744 Wesley held his first Conference The culy Confciences 
were chiefly useful for the settlement of points of doctrine and 
discipline and for the exammation and accrediting of fellow 
Jabourets ‘They met yearly | Conferences were a necessit) for 
Wesley, and became incieasingly so as his work continued to grow 
tt him _ It was mevitable also that the powers of the Conference, 

though for many years the Conference itself only existed as 1t 
were on suffeiance, and only exercised any authority by the per 
mission of its cleator and head, should continually incase ~The 
result was that m 1784 Wesley could no longer delay the ris 
constitution of the Conference, and that he was compelled, if he 
would provide for the perpetuation of his work, to take measuies 
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property of the Connevion The legal Conference was defned as 
consisting of one hundred itinerant preachers named by Wesley, 
and power was given to the “‘ legal hundied’ continually from the 
first to fill up the vacancies in their own number, to admit and 
expel preacheis, and to station them from yeai to year, no preacher 
beng allowed fo remain more than thtee years m one station 

By this measure Wesley s work was consolidated into a distinct 
religious olganizition, having a Icgally corporate character and 
laige property rights And yet Wesley would not allow this great 
organization to be styled a “‘church —_It was only a ‘‘society’ 
—the ‘United Society —the Society of ‘‘the people called Method- 
ists” —the ‘‘ Methodist Society > And of its members all who 
Were not piofessed Dissenters were by him 1echoncd as belonging 
to the Church of England, although a large and increasing pro 
portion of them seldom o1 never attended the servucs of that 
church The explanation of this appient inconsistency 1s that 
Wesley admitted none to be Dissenters cxcept such as were so m 
1c eye of the law—those who, ‘‘for conscience stke, refused to 
join in the services of the church or partake of the sacraments 
administered thercin’ —and that he interpreted ‘‘ the Church of 
Ingland to mean, as he wrote to his bother Charles, ‘* all the 
bchevers in England, except Papists and Dissenters, who have the 
word of God and the sactaments 1dministered among them 

But Wesley was to ci} his Society to a yet Ingher pitch of 
development, and one which made 1t still more ditheult to dis 
tinguish its chaiacter from that of a distmct and separate church. 
In 1738 Wesley had becn theoretically a High Churchman For 
some time even after he had entered upon his course of irregular 
an | independent cvangclism he continued to hold, i the abstract, 
High Church vicws But m 1746 he abandoned once for all 
his ecclesiastual High Chuichmanship, although he never became 
either a politial or a latitudinanan Low Churchinan after the 
standaid and manner of the 15th century He 1elates in his 
Journal under dite January 20 1746 how lis views were resolu 
tionized by reading Tord (Chancellor) Kings account of the 
primitive church — From this time forward he consistently mam 
tained that the ‘ unmteriupted succession was 1 fable which no 
man ever did or could prove One of the things taught him by 
Loid kings book was that the ofhce of bishop was o1ginally one 
and the same with that of presbyter and the practical mference 
which Wesley drew was that he himself was a ‘‘Sciptural F piseo 

os, ’and that he had as much 11sht ay any primitive or missionary 
ishop to o1dain ministers, 15 his represcntatives and helpers, who 
should administer the siciiments, instead of himself, to the 
societies which had placed themselves under his spiritual charge 
This 11ght, as he conceived it to be he held in abeyance for nearly 
forty years, but at length he was constiaincd to exercise it, and, 
by so doing in effect Ted the way towards making his Society a 
distinct and dependent church 

In 1784, the American colonies haying won their independence, 
it became necessary to olganive a separate Methodism for Ametica, 
where Methodist societies had existed for many jeats Wesley 
gave formal oidination and letters of ordination to Dr Coke, alieady 
a presbyter of the Church of England, as supeiintendent (or 
puhop) for Ameiica, where Cohe ordained Francis Asbury as 
presbyter and supermtendent (or bishop), and Coke and Asbury 
together ordained the American preachers as presbytets From 
that ordination dates the ecclesiastical commencement of American 
Episcopal Methodism—in which the bishops are only chief among 
the presbyters whom they superintend suprtior im ofhce but of the 
same order The Episcopal Methodism of \mezica represents to 
day the largest aggregate of Protestant communicants and worship 
pers of the same ecclesiastical name to be found im any one nation 
in the world 

The following year (1785) Wesley ordained ministers for Scot 
land ‘There his societies were quite outside of the established 
Presbytenanism of the day, with 1ts lukewarm “‘moderatism , 
while the fervid sects which had seceded from the state church 
would hold no terms with dimimans hhe Wesley and his followers. 
Hence Wesley was compelled to make special provision for the 
administrition of the sactaments in Scotland He therefore 
ordained some of his ablest and most digmhed preachers, was 
careful to give them formally in his correspondence the style and 
title of ‘‘ Reverend, ’ and appointed them to admimste the sa 1% 

ents north of the Tweed 

At length, in 1788, Wesley ordained a number of preachers (Mr 
Tyerman says seven) to assist him in administcring the sacraments 
to the societies in England, and of these he ordained one (Ale xan 
det Mather) to be superintendent (or bishop), his brother ¢ harles 
being now dead, and Dr Coke sometimes absent for long periods in 
Ameiia The number of societies which demanded to have the 
saciaments administered to them in their own places of worship 
continually increased, and their clarms were often too strong to 

i be rental: espocially when the parish priest was either a public 
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opponent of the Methodists or a man of disreputable conduct 
Before Wesley s death (1n 1791) 1t would seem that there were more 
than a dozcn of his preachcrs who had at different times, in Scot 
land or in Lngland, been ordained to administer the sacraments 

The foregoing view of the development of Methodism as an 
organization durin,s the lifetime of its founder, will have conveyed 
a general idea of its structure and polity ‘There 1s one cardinal, 
though variable, clement m its organization, however, of which 
there has as yet been no occasion to speak The societies of 
Meth: dism—each of these consisting of one or more ‘‘ classes’ — 
were themsclves grouped into circuits eich of which was” 
under the carc of one or more of Wesley s Conference preache: , 
who were callcd his ‘assistants’ or ‘helpers,’ the sistant being 
the cluef preacher of a circuit, and the per being 2 colleague 
and subordinat. The ‘‘assistants were duectly responsible to 
Weslcy, who had absolut: power over them, and exercised 1t 
betwecn the Conferences The same power he equally possessed in 
the Conferencc, at the yearly mectings but he made it a iule, 
during his later life to take counsel with the Confaence as to all 
matters of importance affecting the yermanent status of the 
preachers personally, o1 reliting to the socictics and thur gover i 
ment He thus prepared the Connexion, both picachers and 
people to accept the government and the legislative contiol of 
the Co ifuren ¢ after his death 

At the time of Wesley’s death there weie in Great Britain, the 
Islo of Min and the Channel Islands, 19 circuits, 227 preachers and 
67,562 members In Thelind the1e were 29 cucuits, 67 preachers, 
and 14 006 members ‘There were al o 11 mission cncuits in the 
West Indies and British Ameria, 19 preachers and 53800 members 
The number of members im the Umitcd States was returned as 
43,265. 

It has already been expl uned that in connexion w.th erch society 
there was a leulers meeting, of which society stewards and poor 
stewards 15 well as Jeiders wert members = It must here be added 
that each cucu t had its quarterly meeting of which at first, only 
the soviety stew nds ind the general stewud (or treasurer) for the 
arcuit, in conjunction with the itincrant prewhers were necessary 
members Lealicis however in some cneuits were very early, if 
not fiom the first associated with the stewards im the quarterly 
meeting, or at] ist hal lberty to attend ‘The quarterly meeting 
was not defined in Wesk yan Methodism until the year 1852 The 
leaders mecting had no dcfincd authority until some veus after 
Wesley sdeath = Diseiplin including the admission ind eapulsion 
of members lay wbsolutcly with the ‘ assistant subject only to 
appeal to M1 Wesley = Wainy yeus however, bcforc Wesley s death 
1t had become the usiz for the assistant’ o1,1n hisabsence the 
“helper us collcazue, to consult the leaders mectinz as to 
important qu stions cither of 4 poiutment to office o1 of discipline 
As the consolilatel 0 ty’ approtched towards the character of 
a “‘church, the Ices meeting b gain to acyune the character 
and functions of a church court, and pnsate members to be treated 
in rezul to matters of discipline, a having 2 status and nghts 
which might be plevied | cfore such a‘ court ’ The 11,hts, indeed, 
which soon «after Wesley s death were guaranteed to leaders 
meetings anl memb 1» of soucty hal, the: can be nodoubt 60 
far grown uy before his death, as to be gencially recogmized as 
undcniat le 

* Bands were a marked ferture in culy Methodism but in later 
years were allowel at least in then o1.inal form to fill out of 
use ‘Theteis no reference tothem in the ‘ Minutes of Contercn e 


after 1768 although till after Wesley s death they hella placc in the | Supper, to the societies 
Onginally there were usually in crch | on their mght to have the sacraments from their own 


oldest and lag st so ities 
considerable so ity four bands the membcis of whi h were collected 
from the various society classes—onc ban! comp sed of mimued 
and another of unmurricd men, cne of mune lanl another of un 
marned women All the members of society howevcr, were not 
of necessity members of bands Some maturity «f experience was 
expe ted, and 2t wis the responsilility of the ssistant to admit 
mnt» band 01 to exclude from band = Aftcr M1 Wesles sdcith where 
‘bands so called were hept up, they lost their private character 
and | ecame weekly fellowship meetings for the soriety 

The “‘love feist was a meeting the idea of which was bomowced 
from the Morwians but which was also regarded is reviving the 
aaa institute of the agave In the love feast the members of 

ifferent socicties come tosethcr for a collective fullonsl yp mectin,s 
One feature of the meeting—a memory of the ;1mitive a yape—is 
that all present eat a small portion of bread or ethe ind drink of 
water In common 

It may be suppesed thet in such a sysicm 15 M tho lism a large 
number of preachers and cxhortcrs frm ull the sori grades 
included within the socicties could not but le continually raised 
up These, during Weoley s life, acted entncly under the directions 
of the assistant, and were by hin admitted or cxclulc] subject to 
an appeal to Wesley Once a quarter—often im conjunction with 
the vircuit quarterly meeting—a meeting of these local lay helpers, 
ealled ‘‘locil preachers,” vas leld for mutual consultation and 
arrangement, and to examine and accredit candidates for the office 
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3 Wesleyan Methodism after Wesley's Death (1791). 
—When Wesley died the Conference remained as the bond 
of union and fountain of authority for the Connexion, 
But between the meetings of Conference Wesley had acted 
as patriarch and visitor with summary and supreme 
jumsdiction The first need to be supplied after his death 
was an authority for the discharge of this particular func 
tion In America Wesley had organized a system of 
bishops (presbyter bishops), presbyters or elders, and 
deacons or ministers on probation Among some of those 
preachers who had been most intimate with Wesley there 
was a conviction that his own judgment would have 
approved such a plan for England No document, how- 
ever, remains to show that such was his desire The only 
request he left behind him for the Conference to respect 
was one which rather looked in another direction—the 
well known letter produced before the Conference on its 
first meeting after his death by his fnend and personal 
attendant, Mr Bradford, m which he begged the members 
of the legal hundred to assume no advantage over the 
other preachers in any respect The preachers, accordingly, 
in their first Conference after Wesley’s death, mstead of 
appointing bishops, each with his diocese or province, 
divided the country into districts, and appointed district 
committees to have all power of discipline and direction 
within the districts, subject only to an appeal to the 
Conference, all the preachers exercising equal nights also 
in the Conference, the “legal hundred” merely confirming 
and validating pro forma the resolutions and decisions of 
the whole assembly 

At first the preachers stationed in the districts were 
instructed to elect their own chairmen, one for each district. 
But the plan was speedily changed, and the chairmen were 
elected each year by the whole Conference, and this 
method has been maintained ever since The “district 
meetings”—as they are generally called—are still ‘com 
mittees ’ of the Conference, and have ud tnterem its power 
and responsibilities as to discipline and administration 
Originally they were composed exclusively of preachers, 
but before many years had passed circuit stewards and 
district lay officers came to be associated with the preachers 
during the transaction of all the business except such as 
was regarded as properly pastoral 

The relation of the Conference to the government of the 
Connexion having thus been determined, the question 
which next arose, and which occupied and indeed convulsed 
the Connexion for several years (1792-95), was that of the 
administration of the sacraments, especially of the Lord’s 
The societies generally insisted 


preachers Many of the wealthier members, however, and 
in particular a large number of the trustees of chapels, 
opposed these demands At length, between 1794 and 
1795, after more than one attempt at compromise had 
been made by the Conference, the fecling of the societies 
as against the trustees became too strong to be longer 
resisted, and accordingly at the Conference of 1795 the 
“vlan of pacification” was adopted, the leading provision 
being that, wherever the majority of the trustees of any 
chapel, on the one hand, and the majority of the stewards 
and leaders, on the other, consented to the administration 
of the sacraments, they should be administered, but not in 
opposition to either the one or the other of these authorities. 
In England the Lord’s Supper was always to be adminis- 
tered after the Episcopal form, in Scotland 1t might still, 
if necessary, be admmustered, as it had commonly been 
before, after the Presbyterian form In any case, however, 
“full liberty was to be left to give out hymns and to use 
exhortation and extemporary prayer” The result was that 
within a generation the administration of the sacraments 
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to the societies came to be the universal rule By this 
legislation the preachers assumed the powers of pastors, 
mm accordance, however, only and always with the desire 
and choice of their flocks No formal service or act of 
ordination was brought mto use till forty years after 
wards All preachers on probation for the munistiy, 
after the completion of their probation, were “received. 
into full connexion” with the Conference, this reception 1m 
plying investment with all pastoral prerogatives Modern 
Methodism has developed more fully and conspicuously 
the pastoral idea 

No sooner was the sacramental controversy settled than 
the further question as to the position and rights of the 
laity came to the front in great force A comparatively 
small party, led by Alexander Kilham, imported into the 
discussion ideas of a republican complexion, and demanded 
that the members in their indigidual capacity should be 
recognized as the direct basis of all power, that they should 
freely elect the leaders and stewards, that all distinction 
in Conference between ministers and laymen should be 
done away (elected laymen being sent as delegates from 
the circuits in equal number with the ministers), that the 
ministry should possess no official authority or pastoral 
prerogative, but should merely carry into effect the 
decisions of majorities n the different meetings In the 
course of a very violent controversy which ensued, pamphlets 
and broadsheets, chiefly anonymous, from Kilhams pen, 
advocating his views and contaiming gross imputations on 
the ministers generally, and in particular on some not 
named. but distinctly indicated, were disseminated through 
the societies The writer was tried at the Conference of 
1796, condemned for the publication of imjurious and 
unjustifiable charges against his brethren, and by a unani 
mous vote expelled from the Conference In the follow 
ing year he founded the ‘“‘ New Connexion,” the earliest of 
the organized secessions from Wesleyan Methodism 

Views much more moderate than Kilhams prevailed in 
the Connexion at large At the Leeds Conference of 1797 
the basis was laid of that system of balance between the 
prerogatiy.s of the ministers and the mghts of the laity 
which has been maintained im its principles ever since, 
and which, in reality, has governed the recent provisions 
(1877-78) for the admission of la} representatives into the 
Conference not less than the former developments of 
Wesleyan Methodism The admission of members into 
the society had, up to 1797, been entirely nm the hands of 
the itinerant preachers,—that 1s, the “assistant,” hence 
forth to be styled the “supeiintendent,” and his “helpers ” 
The new regulations, without interfering vith the power 
of the ministers to admit members on trial, declared that 
“the leaders’ meeting shall have a right to declare any 
person on trial improper to be received into society, and 
after such declaration the superintendent shall not admit 
such person into society”, also that “no person shall be 
expelled from the society for immorality till such immorality 
be proved at a leaders’ meeting”! For the appointment 
of church officers (leaders and stewaids) the following 
regulations were made, the second based on recognized 
usage, the first on general but not invanable practice — 


1 In this regulation 1t was assumed that the old rule of society by 
which a member dioqualifies and vritually cxpcls himelf by con 
tinued absence from class, without reason fo such absence still 
held good The case provides only for capulsions for ‘smmorality 
Subsequent legislation has mtroduced a provision which ensures to 
any member before he ceases to be recogmzed on account of non 
attendance the nght of having his case brought before a leaders 
meeting 1f he desires it }=This rule of 1797 has alwys been under 
stood by the Conference as constituting the leaders meeting in effect 
& jury, leaving the supermtendent with his colleague or colleagues 
as advisers to act as Judge Appeal has always Jam from the leaders 
theeting to the district meeting, and, finally, to the Confercuce. 
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*©1 No person shall be appointed 1 leader or steward or be 
removed from his office, but in conjunction with the leaders meet- 
ing, the nommation to be in the superintendent, and the approba 
tion or disapprobation in the Ieiders meeting 

“2 The former rule couce:ning lvcal pie ichers 15 confirmed, — 
viz, that no man shall receive 2 plan as a local yreache1, without 
the approbation of a loc il preachers meeting 

The Conference at the same time made several provisions 
for carrying out the process, which had been going on for 
some years, of denuding itself of direct responsibility in 
regard to the disbursement of the Connexional funds 
The principle was established that such matters were to be 
administered by the district committees acting in corre- 
spondence with the quarterly meeting» of the circuits It 
was also provided that circuits were not to be divided 
without the consent of the respective quarterly meetings , 
and, finally, 1t was resolved that, in the case of any new 
rule made by the Conference for the Conneaion, 1ts action 
within a circuit might be suspended for a year by the 
quarterly meeting, if 1t disapproved of the rule If, how 
ever, the Conference, after twelve months interval, still 
adhered to the new rule, 1t was to be binding on the whole 
Connexion 

The powers of district committees, as defined by former 
Conferences, were in 1797 confirmed and enhanced, special 
powers being given to special meetings of these committees 
convened when necessary to settle the affairs of a distracted 
circuit In the same Conference all the principal rules 
of Methodism, in regard both to the ministers and the 
laity, were collected and (in a sens) codified, mceluding 
the new regulations adopted that same year, and the 
whole, unde: the title “Large Minutus, was accepted as 
binding by the Confcrence, exch minister bemg required 
to sign his acceptance individually This compendium, 
itself based on one which had been preyared by Weoley, 
is still accepted by every Wesleyan minister o1 his ordina 
tion as contaming the rules and principles to which he 
subscribes During the sitting of this critical Conference 
at Leeds an assembly of delegates from bodies of trustees 
throughout the hingdom was simultaneously held The 
form of the regulations enacted by the Conference was, to 
a considerable extent, determined by the nature and form 
of the requests made by this body of trustees There 
was one request, however, which the Conference distinctly 
declined to grant—namely, that for lay delegation to the 
Conference The Conference rephed that they could not 
admit any but regular travelling preachers into their body, 
and preserve the system of Wethodism entire, particularly 
the “itinerant plan” It was not until many years after 
wards that anything was heard again as to this matter 

By the settlement now described the outlines of 
Methodism as an organized church were fairly completed 
Many details have since been filled in, and many changes 
have been made im secondary arrangements, but the 
principles of development have remained unchanged The 
Connexion after 1797 had a long unlroken period of 
peaceful progress The effect of the ‘ Kilhamite ’ separa 
tion, indeed, was after 1797 not greatly felt by the parent 
body The number of Methodists 1n the United Kingdom 
in 1796, the year of Kilhams expulsion, was 95,226, in 
1797 it was 99,519 , m 1798 the New Connexion held its 
fist Conference, and reported 5037 memvers, the number 
of the parent body bemg 101,682 Nor was it till 1806 
that the New Conneaion reached 6000 


During the penod of quit mowth and development which 
followed 1797 the influence of one supetor mind (D1 Jalez 
Bunting, 1779-1958) was to prevail with increwing swiy This 
Was to be the period of the gradual development of lay co operation 
in the administration of the various departments of Connexional 
extension and enter) rise—a development which ;repared the way 
tor the important legislation of 1852 and following years and for 
the ultimate settlement of the respective provinces and powers 
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of the ministers and laity which was made in 1877-78 = It was 
also to be the period of the sridual completion of the pastoral 
idea, 1m its practical appl ation t» the mmusters of the body 
This period may be d fined as catcending fiom the revolutionary 
epoch of 1791 97 to the cpoh of jolitical and municipal 1cform 
asitation, 1828 30 which comcides with a sccond period of politico- 
ecclesiastical agitation im Wesleyan Methodism 

In 1797 the ( uference, a5 alrcaly mentioncd, had refused to 
allow cle ted Iaymen—or Jay dclezitts—iny place uther in the 
Confercn © or m district commmttecs Within a few ycats after 
1800 however the practue grew up for the urcmt stew uds to 
attcnd the district committecs during the transution of financial 
usin ss an lim 1815 this usage was recognizel in the Minutes of 
Conference as an estiblished = rule, ind it was enicted that no 
goncial mcrease of the income of the ministers shoul | be sanctioned 
by the Conference until approved by a majouty of the district 
committers durin the attendance of the cucut stewards Since 
the adoption of this rule the lay clement in the district committces 
has stcadily increased and develope! Another characteristic ind 
Important future im the o1ganizition of Wesleyan Mcthodism, 
which giew into distinct form and prominence dung the period 
now un ler review, was that of the admimstiation of all the Con 
nerional dcpartments, except such a were regarded as properly 
pastoral bby means of macd de fe tncntail committees, appointed at 
each successive Conference Thies: committees made recommenda 
tions to the Conference m mgud to such new legislation as they 
thou,ht desu able and to the appomtment of the members of com 
mittce nl, for eich depaitment, 2 large committee of review, of 
whi h the membay of the ordinary committce of manigement 
formed the nuclius came to be held each year immediately before 
the Contcicnce In these committecs the numbcts of ministers and 
of laymen were equal On this principle, between 181] and 1835, 
provision had been made for the managcment of all the funds of 
the Conneaton and the coricsponding departments of administra 
tion Ihe hrst mixcd committee appointed by the Conference was 
the committee of privileges in 1803 

The development of the prstoral position and character of the 
ministers of the body after 1797 could not but advance on a line 
ey to the devclopment of the position and claims of the 
alty§ In 1818 the usize of the Confurence was conformed to what 
had long been the ordinary unofhcial custom ind the prcachers 
began to be styled in the Weskyan Methodist Magazine and in 
otha ofhuial publications ‘Reverend, a fact which my secm 
trivial, but which in icality wis of nmport int siznific mee 

In 1834, after the idea had been Jong cntertamed and the project 
had been repertedly discussed, it wis determined to establish a 
theological institution for the tiaiming of ministenal candidates 
There are now fow colleges, with two hundied and fifty students 
In 1836 the practice of ordimation by imposition of hands was 
adopted 

Such advances, however, 73 these in the general oiganization 
and development of the Connexion and especially im the status 
and professional training of the mimstcrs, could not be mide in 
such a body without offence being given to some, whose tendencies 
were to disillow any ofhcial distinction between the ministiy and 
the laity, and who also objceted to the use of the organ This 
Icvelling element was stiong in the West Ridinz of Yorkshne, and 
in 1828, on the placing of an oigan in Biunswich Chapel, Leeds, 
by the trustees, with the consent of the Conference, a violent 
agitation biohe out The consequcnce was a disruption, the first 
since 1798 under the title ‘ Protestant Methodists But this 
was absorbed, some ycais later in a mote considerable secession 

In fact, the Connevion was in 1828 entering on a period of agita 
tion §Thecuirent of political aflairs was approaching the rajids of 
which the Reform Act marked theccntre and the} omt of maximum 
movement <A body lhe Wesleyan Methodism could not but feel 
in great force the sweep of this movement tis tine that Wesleyan 
Methodism as such has neve been political, that few of its numbers 
cultivated extreme politics, and that the ministers and tle better 
classcs of the ‘‘Souety wore strongly Conscivative im then gencial 
tone Nevertheless the mass of the community shared in the 
general movcment of the timcs and the ( onscivative tone of the 
ministers anl of most of the well to do laity was not im full har 
mony with the sympathies of the pcople generally Ac ordingly 
the elements of disturbance, which ili partially cxplodid in the 
‘** Protestant Methodist secession continued to mal¢ thumsclves 
felt, in different parts of the Connexion, during the f lowing years 
of political controversy Lhe decision of the Conference im 1834 to 
provide a college for the trumimg of ministerial can hi lates gave 
special offence to the malcontents Suc! an occasion was all that 
was wantiug for the various discontents of the Connexion to gather 
toahead The demands maie by the asitators proc cdcd on a basis 
of democratic ect lesiasticism such as it 1s very difficult to apply suc 
cessfully to a system of associated churches = The result was a third 
secession, based on the same general giound of ecclesiastical prin 
ciples as the two preceding, which was organized in 1886, and with 
which the ‘‘ Protestant Methodists” eventually coalesccd This 
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new secession was hnown first as the ‘‘ Wesleyan Methodist Associa- 
tion’ , but for a number of years past 1t has been merged 1m a still 
larger body of secedeis designated ‘‘The Mcthodist Free Churches ” 
Its leader at the first was the Rev Dr Warren, who left 1t, however, 
not many months after 1t was formed, and took orders in the Church 
of kngland 4 

The controversies of 1835-36 left their mark on the legislation 
and official documcnts of the Connexion ‘The principles of 1797 
remained intact, some farther guards only bemg added to provent 
any danger of hasty 0: responsible action on the part of super- 
intcndcnts, and at the same time ‘‘minor district meetings” being 
oiganized in older to farilitate appeils One e1tor was, however, 
committed by the Conference In 1797 no provision had been made 
fo~ bringing the circuit, through its quarterly meeting, mto direct 
rclations with the Conference In 1836 a nght of direct memorial 
to the Conference was given to the circuit quarterly meeting , but 1t 
was so fenced round with conditions and limitations as to make it 
prutically moperative, and at the same time provocative of sus- 
plcion and nritation 

The effect of thc secession of 1886 on the general progress of the 
Connexion was not gieat ‘Fhe number of members reported in 
1835 in Great Butun and Ieland was 871,251 (there being a 
decrease in Kngland of 951), in 1836 381,369, 1n 1837 384,728 For 
the next ten }ea1s the advance of the Connexion 1n numbers and in 
ieee prosperity was apparently unprecedented The Centexary 

und of 1839-40 amounted to £221,000 In the midst, however, 
of all the outward jrosperity of Methodism—partly perhaps in con 
sequence of 1t—ve1y perilous elements wereat wok The rcvolu 
tionary ideas of the Chartist period (1840-48) and of Continental 
politics (1848-49) 1cacted on Wesleyan Methodism as the political 
ideas of 1791 and of 1831 had done at those epochs The embers 
of old controveisics—ecclesiastical, quasi political, and pcrsonal— 
still smouldcied, and at length bunst into fiesh flame rom 1844 
a ae | spuit of opposition to the leadeis of the Connexion, and 
especially to Dr Bunting, was fanned by the cnculation of anony- 
mous ‘‘fly leaves of a very scurrilous chaiacter At the same 
time the policy of the Conference and of the ministers in their cir 
cuits had proceeded more than was wise on the old lines The 
general administration relied too much on the footing of smplicit 
confidence on the pait of the people and on the power of official 
plerogative in the hands of the mimster ‘lhe memorial law of 
1836 was indicative of the too exclusive spint of pastoval govern 
ment which had prevailed The wisdom ot Dr Pantin had for 
tive and twenty yeus led the way in gradually hiberalizing both the 
polity and the policy of Methodism, and adapting them to the 
changing conditions of the trmes But this wisdom seems to have 
found its limits before 1849, when the internal dissensions reached 
then climax In that year James Everett, the clnef author of the 
fly shects, and two other ministers, Samuel Dunn and William 
Gnifhth who had identified themselves with him, were expellud 
A disastrous agitation followed No distinct secession took place 
till after the Conference of 1850 The union of the ‘ Methodist 
Free Chuiches, im which was incorporated the ‘‘ Wesleyan 
Association (of 1836), was formed by the seceders The ‘“‘ New 
Connexion” also received some thousands of the seceders into its 
1anks But by fai the greatest pait of those who left went with 
neither of these bodies 

Between 1850 and 1855 the Connexion in Great Britain and 
Ireland lost 100,000 members, and not till 1856 did 1t begin to 
recover In that year the numbers were retuined as 282,76", 
showing a small increase over the preced’ng year Since then peace 
and unity have prevailed unbroken 

The convulsion of 1849-52 taught the Connexion, and in par- 
ticular the Confercnce, lessons of the highestimportance In 1852 
the quarterly mecting was s0 defined as to make 1t the great 1¢pre- 
sentative meeting of the circuit, including stewards, leaders, loca) 
preacheis, and trustees ‘Lhe nght of memoril to the Conference 
was given to 1t in the widest and freest sense These powertul 
bodics invite mimisters to the circuits, or dcclme so to do, deter 
mine and pay their ‘‘allowances,” as salaries to ministers are still 
called in the Connexion, and review all the interests of the circuits, 
rsa or financial ‘They had also conferred upon ther in 1852 
the nght to appoint a circuit jury of appeal from the verdict and 
findings of a leaders’ mecting mn ceitain cases of discipline Since 
1852 Conference legislation has still procecded in the duection of 
recognizing and enlarging the functions and mghts of the laity 
The comnmittee of review system, already spoken of, had buen con- 
siderably developed between 1835 and 1849, and included every 
department of ordinuy administration In 1861, however, whilst 
a representation of the departmental executive committees formed 
still the leading element in each committee of rcview, a great 1m- 
provement wis made in their constitution by giving to each of the 
districts of British Methodism the nght to send a lay representative 


! This ‘ Warrenite secession as at first tt was commonly called gave rise to a 
lawsuit which led to the judicial recogmition by the Court of Chancery of the 
Conference Deed Poll of 1784 undthe Large Minutes of 1797 as documents 
having the force of public Jaw in the administration of Wesleyan Methodism 
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to attend these preparatory Conference committees In 1877 and 
1878 the final and natural consummation of the whole course of 
advance since 1791 was effected in the constitution of the umted 
Conference of ministers and Jay 1epresentatives he ministers mect 
by themselves to discharge the functions which belong to them 
as the common pastorate of the Conncaion As to all the pomts 
involved 1n their specific chaiacter and common tesponsibility, as 
the mutually exchanging and itmetating pastor 1n common of a 
vast common flock, they take mutual navel 1n a sc parite assembly 
The Conference, in 1ts ministerial and lay or 1eprcsentative session, 
meets after the pastoral business 1s completed, and occupies a full 
week betwecn Sundays in discussing and scttling the business of 
all the funds and the general administrative departments of the 
body The Contercnce in its pastoral session assembles on the last 
Tuesday in July, that session closing on the Fiiday or Saturday 
weck following , the representative session occumes the following 
wech It 1s legally necessuy that the decisions of the Confercnce 
in both 1ts sessions should be confirmed and validated by the vote 
of the “‘legi:l hundred ’ Tlus confirmation is, howcvcr, given as a 
matter of course 

I'he Confcrence in 1ts pastoral sesyon 18 not formally repicsenta 
tive To exch district 1s assigned by the preceding Ccnterence a 
certain alnount of 1epresent ition, there being at present thity tive 
districts Lhe numbers allocated to the districts vay according to 
cirgumstances The total number of mmusters and laymen com 
posing the Conference in its repicsentative session 1s 480, or 240 
ministers and 240 laymen Ihe basis of the lay 1cpresentation in 
the Conference 1s the constituency of lay officials in the district 
committees The Conncxion at large is re; resented by the lay 
officials of the general Connexionil d paitments The busincss 
transicted in the Conference duting its representative session re 
lates to all the Connexional departments of gencr il administration, 
viz , the committee of privileg s, foreign missions, the m uutcnance 
and education fund (and the schools) for mimisters childien, chapel 
affaus (general, metropolitan, and provincial), the home mission 
and contingent fund, district sustentation funds army and navy 
evangelizition, lay mission woik, the wo1n out ministers «and 
ministers widows fund the theological institution with its four 
colle..s, Sunday and day schools anil the childiens home and 
orphanage, higher eduction, the extension fund of Mcth«dism 
alterations and divisions of cucuits and districts, and the Loids 
Day observance and tem} erance questions 

lhe president ot the Conference 1s chosen by the ministers by 
ballot on the oj ming of the pastoral session Aftcr the election 
of president follows that of secietuy These elections, however 
cannot take place until the vacancies in the hun tied have becn 
filled up Such vacancies are caused by death by absence for tno 
years together withcut a dispensation by expulsion o* by suyet 
annuation which tikcs place ondinaily after two yeurs 1etuement 
from the till work of the ministry 

The principal statistics of the denomination at the last Conference 
(1882) were as follows — 
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Of the Sunday scholais in Gieit Biitain 177 965 were over 
fifteen yeas of aze, and 93,127 were members of society 01 on 
trial as members 

Wesleyan Methodism on Jieland has always been el and parcel 
of British Methodism but since 1732 1t has had a bianch Confer 
ence of its own = Lhe acts of this Confeicnce ate im accondance 
with a provision in the Conference Deed Poll, male valid by the 
concmrence with them of a dclegate from the Buitish Conference 
who 13 to the Imsh Confrence what the legal Contcience 1s to the 
British Confeicnce len mmistus of the Insh Confcrence are 
members of the ‘legal hundred ot the British Confrence The 
‘‘nlan of pacification of 1790 was not canied out at the time by the 
Insh Confiience In the year 1816 however it was adopted im 
Iicland Lhe result was a sccession which assumed the duignation 
“Primitive Weslcyans, a very differcnt body tiom the Piimitive 
Methodists of Lngland In 1878 the Pumuitive Wesleyans were 
1cunited to the parent Connexion ‘The number of membeis in 
Ticland has, owing to emigrition not increased of late years ~The 
last return showed 24,475 members 

Affilhated Conferences —Tor more thin twenty years there were 
several “‘affiated Conferences of Bittish Methodism But there 
are now only two—the French Methodist Conference, and that of 
South Afrwa,—the latter constituted quite recently (1882) Since 
1852 Fiench Methodism hag been under an affihated Conference 
The dimensions of the French Connetion, however, are very small, 
and 1 1s dependent to a considerable extent on pecumary aid fur 
rr rrp nr 


1 Chiefly in the West Indies, Africa, India and China 
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nished by the Wesleyan Mismonary Society The last statistical 
return showed 1769 members, 126 members on tral, 27 ministers, 
1 minister on tral, and 3 supernumerary or retired ministers The 
British Conference has a right of veto as to certain points of legis- 
lation in the case of afhliated Confcrences 

Australasian Methodism was for more than twenty years under 
an afhliated Conference, dating from 1854 Since 1876 however, 
the Austialasian Conference has been indopendent The General 
Conference meets once in three ycars, having under it our annual 
Confe1ences—one for New South Wales and Queensland, another for 
Victoria and lasmamia a third for South Austraha, and a fourth 
for New Zealand These Conferences—the general and the annual— 
are all mixed and rcpresentative after the same general pattern as 
the British Conference rey have also under their charge and as 
pait of their Connexion, the Wesleyan missions n Tonga and Fi, 
which were be,un by the parent body before the orizinal affiliated 
yeaily Conference for Austialasia was organized = Lhe numbers in 
1881 were for the Methodism of Australia 28,310 members with 
362 ministeis, and for the South Sca missions 33 411 members with 
16 missionaries of European blood and a very large number of 
native ministers and assistant ministers 

Canadian Methodism was also afhliated till 1873, when 1t became 
an independent Connexion It includes six provincial annual Con 
ferences and one Geneial Conference which meets every thiee } ears 
Ihe General Conference 1s mixed and representative the annual 
Conferences are purely ministerial Canadian Methodism occupies 
a powerful position mn the Dominion It numbers as nearly as can 
le ascertained about 116 000 mcmbets and 1s strongest in Upper 
Canada It possesses a umveisity—the Victoria University m 
Uj per Canada 


The Doctrines of Methodism —In doctrine aut branches 
of Methodism are substantially identical § Wesley’s 
doctrines are contained in fifty three sermons known as 
the “four volumes and in his .\otes on the New Testament 
The Conference has, however, published two catechisms, 
one for younger the other for older children, of which a 
new and carefully revised edition has lately been completed ? 
In general, Wesleyan theology 1s to be described as 
a system of evangelical Armimanism In_ particular, 
Wesleyan divines insist on the doctrines of original sin, 
general redemption, repentance, Justification by faith, the 
witness of the Spirit, and Christian perfection,—or, as 1t 
has been customary for Methodists to say, the doctrines of 
a “present, free, and full salvation” By the witness of 
the Spirit 1s meant a consciousness of the Divine favour 
through the atonement of Jesus Christ Wesleyans have 
often been represented as holding the Calvimistic doctrine 
of “assurance” The word, however, 1s not a Wesleyan 
phrase, and assurance, so far as 1t may be said to be taught 
by Methodists, signifies, not any certainty of final salvation, 
but merely a “sense of sin forgiven ”® 


II AmeEricaw EpiscopaL METHODISM 


The begimnings of American Methodism are traceable to 
the year 1766, when a few pious emigrants from Ireland 
introduced Methodism to New ork On receiving an 
appeal in 1768 from the New York Methodists, who were 
engaged in building a preaching house, Wesley laid the case 
of America before the Conference at Leeds in 1769, and 
two preachers, Boardman and Pilmoor, volunteered to go 
to the colonies Boardman went to New ork, Pilmoor 
to Philadelphia In 1771 two other Methodist itinerants, 
Francis Asbury—the most famous name m American 
Methodism—and Richard Wright, went out to America 
In 1773 Thomas Rankin, a preacher of experience sent out 


Besides Wesley s Se mons a d Votes his tppealeand hi treatise on Ortyinal 
Sen in iezly to Dr Tavior of No wich should be read 1n o1 ler to a; preciate his 
theological views After t ese miy be paiticularly noted Jo «ph Bensons 
Commentary Watsons Ins(itu es (3 vols), Di Popes Compen iium of Theo ogy 


For the listory and conetitution of Wesleyan Method: mt e fc lowing works 
may be consulted —Wesley s Works especially his J urmais Southey» Wesley, 
Tyermans Wesley Rigas Lreing Wesley and Churc/minship of J hn Wesley, 
Jackaons Life of Charles Wevey Minutes of Conference vol 1 1744-98 Dr 
George Smith Htstory of Wesleyan Uethodsisem ° vols Dr Abel Stevens Hestory 
of Methodism 3 vols , Piiree, Poltty of Methodism Di Wilhams Consitieten 
and Poltty of Wesleyan Methodum, Rigg, Connerional Economy, and the 
Minutes, 1877 to 1881 
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by Wesley, held the first Conference in Philadelphia, when 
there were 10 itinerant preachers and 1160 members 
After the breaking out of the War of Independence the 
English Methodist preachers were unpopular, and all but 
Francis Asbury went bach to England At the end of the 
war, however, in 1784, Wesley sent out Dr Coke, and 
American Methodism was organized as an independent 
church, with Dr Coke and Francis Asbury as its presbyter 
bishops The history of American Methodism since that 
period 1s too vast and complicated for any attempt to be 
made to summarize it here Methodism 1s more properly 
national in its character as an American church than any 
church in the States In Massachusetts and some other 
of the New England States it 1s less powerful than Con 
gregationalism, which still retains there much of its ancient 
predominance , in the city of New York 1t 1s less powerful 


than Preshytenanism, and, indeed, occupies a position less 
mntinan lew satlannbual han mich hawa haan avnartod Rut 


and in Cincinnati, if not strong in New kc os 
very strong in the State, and generally throughout the 
western and mid western States 1t 1s the prevalent form 
of faith and worship In the south, also, 1t 18 more 
powerful than any other church 


Amc an Mcthe lism is Episcopal But its Episcopacy 1s neither 
prelitr a] nor diccesan The bishops are superintending presby ters 
and they visit the whole territory of Methodism im rotation, hold 
ing (p1esidin,, over) the annual Conferences These Conferences are 
purely minister] == But the General Conference which meets once 
in icur yous an] which 1s the Conference of lezislation and final 
appeal is mixel and representative he first General Conference 
was hold in 1792 the first delegated or representative Conferenc- 
wn 1812 the first mixed or ministerial and Jay General Conference 
m 1872 Lhere were till lately no distmct asscemblics in the 
Episcopal Mcthodism of America and now thereaie but few The 
bishops maintain the unity of the Connexion in the interval between 
the (eneial Conferences by their visitation and by their conjomt 
council] A sub cz1scojal class of mimisters also called presiding 
elders supy lemcnt the action and supermtendency of the bishops 
Those preside over districts holding all the circuit quarterly meet 
mgs and holliny the district mectings if any such mectings have 
becn organized 

American Episcoval Methodism 15 distributed into five distinct 
sections or churches which, however diffcr from each other m no 
pe of an} importance as icspects organization or discipline still 

ess doctrine Lhe Ametican Methodist Fy 1scopal Church South 
became a separite organization in 1847 1y reason of the slavery 
rontioversy Lhe coloured churches of which thee are three 
sprang uy distinctly from local causes The following are the latest 
available statisti, — 
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In the Methodist Fpiscopal Church alone there are onc hun hed 
annual Conferences, visited by twelve Lishops  Lhis church has 
more than twenty univcrsitics, of which some are distinguished 
schools of learning Boston University 13 one of the most 1cccnt and 
oncofthe chief The principal forcign missions are in India China, 
an| Japan ‘The Methodist Church South also has some influential 
unmiversitics particularly that at Nashville, and has missions, in 
particular in Jay an and China 

Besides these Methodist 1 y1seopal churches, with their total of 
3,358 000 church memlers there are two other churches which do 
not assume the name at all but are yet essentially Mcthodist in 
doctiine and 1 line not varying in any important yarticulais 
froin the Episcopal Metho lism cf America Of these one 15 called 
the United Brethren, with 1 7 000 members, the other the Evan 
gelical Association with 113 000 members ! 

Non Emscopal Amerwan Methodini ~The bodies included under 
this head are chiefly seccssions fiom the onginal stock of American 
Methodism founded on principles of democratic church government, 
analogous to those of the Fnglish Mcthodist secessions The only 








1 The best authority as to American Meth dism 1s Dr Abel Stevenss Hisiory 
in6vols The statistice are given In the Methodsst Tear Book New York 1882 
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considerable body, however, 1s the Methodist Protestant Churen, 
with 125,000 members The minor bodies, four in number, count 
altogether less than 60,000 members, the principal being the 
Ameiican Wesleyan Church, with 25,000 members 


tI Orser Meraopist Bopres my Brirain 


The bodies still to be noticed, while differing as to 
points of church government, agree as to doctrine and 
im general as to the means of grace and as to inner spiritual 
fellowship with the parent “Connexion” They all 
maintain class meetings and love feasts, have leaders’ 
meetings and quarterly meetings, and largely employ local 


preachers 

Ihe Methodist New Connexion was founded m 1797-98 by 
Alexai de: hilham, who died in 1798 Its general principles are 
indicated above Its statistics for 1881 wee as follows —183 
ministers and 27,770 membets (including those on mission stations, 
besides 3882 on trial), and 74 744 Sunday scholais ? 

United Methodist Fi ee Churehes —This 01 ganization 1n 1ts orginal 
form must be identified with the Wesleyan Methodist Association 
of 1836 That body first absorbed into itself, n great part, the 
‘Protestant Methodists of 1828 It was afterwards greatly in 
creased and its organization in some points modified, when a large 
number of the seceders trom the parent Connexion im 1850 52 joined 
itsranks The mai body of 1ts Conference does not consist, like that 
of the New Connexion of an equal number of circuit ministers and 
elected circuit lay dclegates, but of circuit delegates, whether 
ministerial or lay, elected without any 1espect to ofhce, ministerial 
or other Its circuits also are dependent of the control of the 
Conference The Conncarional bond accordingly, in this denomma 
tion 1s weah, and the itinetancy 1s not universal or uniform in its 
rules o1 its operation The amalgamation between the Wesleyan 
Methodist Assocrition and the ‘* Wesleyan Methodist Reformers ” 
of 1850 took place in 1857 = At that time the combined chuiches 
numbered 41,000 At present (1881 82) they number 72,839, in 
cluding 7772 membcrs on the mission stations, besidcs 7824 on tnal 
The number of ministers 1s 392, with 40 retired or ‘‘ supernumerary 
mumisters The number of Sunday scholars 1s 190 957 4 

Primitive Methodism —In this cai nest and hard working denom 
nation the ministers of whom some aie women, ale very literally 
‘ the servants of all The Conference 1s composed, 1n addition to 
twelve permanent members, of four members appointed by the pre 
ceding Conference and of delegates from distiict meetings Ihe 
principle of proportion is that there should be two laymen to one 
minister or ‘travelling preacher, and the ‘ travelling preachers 
have no pastoral prerogative whatever The Conference 13 ee as 
and the Conncxional bond 1s stiong This body was founded by 
Hugh Bourne and William Clowes local preachers who were 
separated from the Weslcyan Connexion, the former in 1808, the 
Jattcr in 1810, because of then violation of Confcrence regulations 
as to camp meetings and other questions of order The Confcrence 
had, in 1807, pronounced its judgment against cainp mcetings, 
which had been introduced into the country from Ametica, wheteas 
Bourne and Clowes were determined to hold such meetings 
Founded thus by zealous and “‘nreguiar lay preachers, ‘‘ Prim 
tive Methodism, as the resulting new body called itself bears stall 
in 1ts organization, its spimt and its customs strong traces of its 
origin It has becn a very successful body, aiming simplv at doing 
evangelistic work, and 1s now numerous and powerful, numbenny 
among its ministers, not only many uscful | ert but some of 
marked o1iginality and power and also of supetior cultivation 
There has for many yeais past 1{ not from the beginning, becn a 
very friendly feeling betwecn the old Wesleyan ( onn-x1on and the 
Primitive Methodwsts Its litest statistics (1882 2) show 1149 
tray elling preachers, 185,312 members, and 383 350 Sunday 
scholars 

Bible Christuins —The Primitive Methodists sprang up in the 
midland counties the Bible Christiaus in Cornwall These closely 
resemble the ‘‘ Primitives in their character and syimt Their 
founder was a Cornish local preache: called O Bryan Hence the 
Connexion 1s often hnown as the Bryanites, and Cornish emigrants 
have propagated this denomination widely in the colomes The 
Conference 18 composed of ten superintendents of districts, the 
president and secretary of the p cceding Confcrence, lay delegates, 
one from each district mceting and as many of the travelling 
preachers as are allowed Fy thcu respective district meetings to 
attend In general it may be said that the ministerial and lay 
members of the Conference ate about equalin number The returns 
for 1881-82 showed in England (chicfly the west and south of Eng 


* See Jubilee Volume of the New Connerion also the General Rules and the 
Minutes of Conference 1681 published nt the New Connexion Book Room 

3 See Foundation Deei of the Unttel Methodist Pree Churches also Minutes 
of Conference 1881 119 Salisbury Square 

4 See John Pette History of tre Primitive Methodsst Connexion, also Minutes 
of Conference 1881, 6 Sutton Street London E 
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land) and in the Channel Islands 136 itanerant preachers, 21,209 
members (besides 690 on tral), and 36,335 Sunday scholars In 

the number of members was 6652, and in Austraha and 
New Zealand 3671 + 

The Wesleyan Reform Union 18 an aggregate of local Methodist 
wecession churches, loosely held together by a Conference, and 1s 
one of the results of the great Methodist disruption of 1851-52 
The returns for 1881-82 showed 18 ministers and 7728 members 

Ceumenical Methodrst Conference —This Conference was held in 
City Road Chapel, London, in September 1881 Representatives 
were present from all the Methodist bodies throughout the world, 
and 1t was estimated that these 1epresented not less than 5,000,000 
of members and 20,000,000 ot population Whilst in church 
organization these bodies differed, as has been shown above, 1n 
doctrine and 1n respect of their purely spiritual discipline and 
means of grace, they were all agreed m mincipal matters The 
Conference was entirely practical mm character The object was to 
promote zeal and union among the constituent bodies as to all 
practical points of Chiistian sympathy and activity, at home and 
abroad, and especially as to home mission work, genez1l philan 
thropy, Christian education, and a @ristian use of the press Lhere 
were 400 repiesentatives present from the Methodist bodjes in all 
parts of the world * 

Welsh Calrinistic Methodists —Between the Methodism of Wales 
ar@l that of England there was never any other than incidental 
connexion Indeed although the name of the Welsh movement 
Wag borrowed from the English, not only was Welsh Methodism 
qu dependent in its origin, but im reality its begining, as an 
e ali movement, was earlier than that of English Methodism 
From Wesleyan Methodism, furthermore, Welsh Methodism was 
% throughout distinguished by the fact that 1t was Calyinistic in its 

doctrine For some years Whiteficllds name was placed by the 

leaders of Welsh Methodism at the head of their movement, but 
the connexion was not at any time much more than nominal, 

Whitefield being, indeed, too often and too long together m 

America to exercise any real presidency over the Methorisin of the 

Principality 

Distanction, however must be made between Welsh Methodism 
as an evangelistic movement and as an organization In its later 

and distinctly organized form, its main elements date from 1811, 

while the actual unity and the final consolidation of the organization 

date from so recent a period as 1864 At that date we find the 

Calvypistic Methcdism of North and of South Wales for the first 

tl ted in a common organization and government, and brought 

un 6 supreme control of one ‘General Assembly 
The spiritugl awakening from which Welsh Calvimistic Method 
1sm derived 1t8 earliest inspiration and 1npulse began in 1735 and 

1736, almost contemporaneously and quite mdependently, m three 

different counties of South Wales owell Harris, a gentleman of 

some posit on, born and bred at Trevecca in the parish of Talgarth, 
county of Brecon, 1s the most prominent name connected with early 

Welsh Methodism His first strong religious convictions nd im 

pulses date from 1735 He was sent to Oxiordin the autumn of that 

year to ‘ cure him of his fanaticism, but remaimed only one term 

On his return to Wales he began to exhort and preach in private 

houses and in such buildings as he could obtain the use of, being then 

and throughout his life a simple layman Of learning o1 theology 
he had but little, but he was an extemporaiy preacher of prodigious 
vehemence, and often of overwhelming power and pathos While 

Harris was thus preaching in the county of Brecon, Damel Row 

lands had been spiritually awakened at Llangeitho in Cardiganshire, 

the two men kno nothing whatever of each other Rowlands 
was an ordained clergyman, of some learning and of great 
eloquence He was a pulpit orator, and carefully prepared his 
powerful discourses In Pembrokeshue, again, in that same year 

1785-36, Howell Davies began to preach the same doctrine in the 

same spirit as the other two preachers, and with effects scarcely if 

at all, less remarkable The work thus begun im three distinct 
sentres within the space of one year was in strict connevion with 
the Established Church, and so continued to be throughout the 
last century These single minded preachers pursued their work 
in Wales knowing nothing of the parallel work which Whitefield 
had just begun in England In 1788, however, Whitefield, in 
@ the west of England, heard of Howell Harms, and in that year 
the two revivalists met in Cardiff In 1739 Howell Harns had 

bas ag to extend his b peeecning tours far and wide, visiting not 
only South but North Wales, and, wherever he went, founding 
religious societies 1n connexion with the Church of England, of a 
character resembling those called Dr Woodward s societies, which 
had mar dete im existence throughout England, the chief difference 
being that the Welsh societies were “‘evangelical’ Calvimistic, 
and revivalist. It was in the same year that Wesley founded 
fus society in England In 1742 the clergymen connected with 
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the Welsh movement were ten in numbe., and there were labour- 
ing im concert with these forty lay ‘‘exhorters,’ as they were 

ed In that year the first “association” of Welsh Calvinistic 
Methothsts was held at Waterford or Watford, i Glamorganshire 
Whitefield consented to pon and jomed his preaching to 
that of the Welsh evangelists The first Calvinistic Methodist 
Conference was held at Waterford, under Whitefield’s presidency, 
on January 5, 1743, eaghteen months earlher than Wesley's first 
Conference Fora short time the Calvinistic Methodism of Wales 
was linked to that of England After 1748, however, Whitefield 
ceased to act as mn any sense the official head of the Calvinistic 
Methodists of England, and their organization, always loose, was 
gradually dissolved 

There was no Wesley in Welsh Methodism, and accordingly there 
was no organic unity among the societies of earher Welsh Method 
ism ach local society was under the care of an ‘‘exhorter,’ an 
unpaid layman A number of these local societies were grouped 
together into a district, over which an ‘‘overseer had charge He 
also was usually an unpaid Jayman, although exercising many of 
the functions of a spiritual pastor Sometimes, however, as 1n the 
case of Rowlands, he was a parish clergyman The societies 
attended their parish churches and there received the sacraments 
The meeting or preaching houses for the societies were vaguely 
called ‘houses for religious purposes ’ 

In 1751 Howell Harris ceased to 1tinerate and retired to Trevecca. 
Fiom this time his leadership in the Methodist movement seems to 
have come to an end, and the movement langwshed for many years 
after Not tall 176218 any ‘revival ckionicled In 1763 Row- 
lands was obliged to quit his ane at Llangeitho and leave the 
Established Church His people built hima chapel He thus, after 
1768 became a Dissenting minister, and, retaining his fame and 
much of his power to the end of his course, he died in 1790 

Fifty years had now passed since the first societies of Welsh 
Methodism had been established by Howell Harns, and the move 
ment, instead of having grown to strength and matuzity, appeared 
to have spent 1ts force, pinast m all directions, at least so far as 
any outward signs could show But the Rev Thomas Charles 
of Bala was to be one of the chief means of revivingit He, hke 
the earher Vethodists, was a churchman he had taken his degree 
at Oxford and served a curacy in Somersetshne The doors of the 
Established Church having been closed eae him because of his 
style of preaching, he jomed the Welsh Methodists in 1785, and 
his first sphere of marked influence was in North Wales In 1791 
he took a leading prrt im @ great revival of which Bala was the 
centre From this penod may be dated the second spring of Welsh 
Calvinistic Methodism, from which its later successes were to grow 
Charles zealously and successtully promoted the establishment of 
“‘cuculating schools’ and of sabbath schools He was, in fact, 
the soul of the great Christian educating movement in Wales which 
began im the last decade of the 18th century, and it was through 
his earnest zeal in seeking to provide Bibles for his Welsh schoo 
especially the Sunday schools, that the British and Foreign Bible 
Society was established Though Methodism came then to be 
effectually rooteu .. the soil of the Prmcipality, 1t was not till 
1811 that the Welsh Calvimists took that step in the direction of 
ecclesiastical independence which the English Wesley ans had taken 
sixteen years before by calling their preachers to the official position 
of pastors and ordaiming them to administer the sacraments 


rom 1790 till almost the present tume the work of gradually 
moulding the constitution of Welsh Calvimustic Methodism has 
ploceed The ‘‘rules regarding the proper mode of conductin; 


the quarterly association we1e drawn up by Charles and agre 
upon 1n 1790 In 1801 the Order and Form of Church Government 
and Rules of Diseypline were published In 181], as has been 
shown, ministerial ordination was mitiated In 1823 the Con 
Jesson of Favjgwas promulgated And m 1864, as has been 
already mentioned, the first ‘General Assembly was held, and 
the two associations of North and South Wales respectively were 
united into one body The constitution » now a modihed Pres- 
byterianism, each church managing its own affairs subject te 
successive appeal to the monthly meeting of the county and the 
quarterly association of the province, while the latter body may 
refer the decision to the annual General Assembly 

The Welsh Methodists (or Welsh Presbyterians, as they are 
now often called) have two theological colleges, one at Bala and 
the other at Trevecca They,have also a foreign missionary society, 
with missions mm Brittany, among their congeners of the Celtic 
race, and in Ben 

In recent years this church has made great progress In 1850 the 
number of members was 58,678, 1 1870 it was 92,735, and m 1880 
the returns showed 1174 churches, 118,979 communicants, 185,685 
Sunday scholars The number of munusters 1s not oficially given, 
but 1s estimated at 600 The North and South Wales associations 
are now also known as synods 3 (J H RI) 
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METHODIUS, the apostle of the Slavs, was a native 
of Thessalonica, and was born about the year 825 His 
nationality 1s unknown, but most probably he was a 
Grecuwed Slav, the family of which he was a member 
appears to have been one of considerable social distinction, 
and he himself had already attamed high official rank m 
the government of Macedonia before he determined to 
abandon his secular career and embrace the monastic life 
His younger brother Constantine (better known as Cymil, 
the name he adopted at Rome shortly before his death) 
had also distinguished himself as a secular “philosopher ” 
mn Constantinople before he withdrew to the cloister and 
to solitude Constantine about 860 had been sent by the 
emperor Michael ITI to the Khazars, in response to their 
request for a Christian teacher, but had not remained long 
among them, after ns return to within the limits of the 
empire, his brother and he laboured for the instruction of 
the Slavonic or Slavonicized population, especially by 
means of translations of the Scnpture lessons and the 
liturgical books used in Christian worship About the 
year 863, at the invitation of Rastislav, king of “Great 
Moravia, who desired the Christianization of his subjects, 
but at the same time that they should be independent of 
the Germans, the two brothers went to his capital (its site 
1s unknown), and, besides establishing a seminary for the 
education of priests, successfully occupied themselves in 
preaching in the vernacular and in diffusing their religious 
literature After four years they seem to have received 
and accepted an invitation to Rome from Pope Nicholas 
I, who had just been engaged in his stall extant corre 
spondence with the newly converted Bulgarian king, his 
death occurred before their arrival, but they were kindly 
received by his successor Hadrian II Constantine died 
mn Rome, but Methodius, after satisfymg the pope of his 
orthodoxy and obedience, went back to his labours in 
“Moravia” as archbishop of Pannoma His province 
appears to have been, roughly speaking, co-extensive with 
the basins of the Raab, Drase, and Save, and thus to have 
included parts of what had previously belonged to the pro- 
vinces of Salzburg and Passau In 871 complaints on this 
account were made at Rome, nomunally on behalf of the 
archbishop of Salzburg, but really im the interests of 
the German king and his Germanizing ally Swatopluk, 
Rastislav’s successor , they were not, however, immediately 
successful In 879, however, Methodius was again sum 
moned to Rome by Pope John VIII, after having declined 
to give up the practice of celebrating mass in the Slavonic 
tongue, but, owing to the peculiar delicacy of the relations 
of Rome with Constantinople, and with the young church 
of Bulgaria, the pope, contrary to all eapectation, ulti 
mately decided in favour of a Slavonic liturgy, and sent 
Methodius (880) back to his diocese with a suffragan 
bishop, and with a letter of recommendation to Swatopluk 
This suffragan, a German named Wiching unfortunately 
proved quite the reverse of helpful to his metropolitan, 
and through his agency, especially after the death of John 
VIT in 882, the closing years of the life of Methodius 
were embittered by continual ecclesiastical disputes, in the 
course of which he 1s said to have laid Swatopluk and his 
supporters under the ban, and the realm under interdict 
Yhe date of the death of Methodius 1s variously given , 
the most trustworthy tradition says that it took place on 
April 6, 885 He was buried at Welehrad (probably 
Stuhlweissenberg) The Greek Church commemorates St 
Cyn! on February 14 and St Methodius on May 11, m 
the Roman Church both are commemorated on March 9 

Bee Schafarihs Slawische Alterthumer, where the orginal 
authorities are fully referred to The subject of the present notice 
1s most probably not to be identafieu with the Methodius, a painter 


and. monk, who, according to a well known legend, converted Boris 
of Bulgaria by means of a picture of Chnst s second coming 
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METHYL, a chemical term which untal lately was used 
in two radically different senses, namely, as designating 
either the atom group CH, which in numberless chemical 
formule figures as a “radical” (compare CuEmistry, vol 
v p 552), or a gaseous substance of the same composition, 
which, however, nowadays 1s generally called “dumethy]l,” 
to distmguish it from the radical A gas of the composi- 
tion and the specific gravity (C,H, — H, = 15) corresponding 
to C,H, can be produced in two pmncipal ways,—first, 
by the decomposition of zinc ethyl by water (Frankland)— 

Zn(C,H;),+20H H-=Zn(OH),+C,H,H , 
and, secondly, by the electrolysis of acetate of potash 
solution (Kolbe), we have virtually 
2CH, COOH=(CH,),+2C0, +H, 
+pole —pole 

These two gases used to be distinguished as two different 
substances,—Frankland s btmg looked upon as hydmde of 
ethyl, C,H, H, Kolbe’s as “real methyl” (CH,)CH,), 
until Schorlemmer proved their identity by showing that 
both, when treated with chlorine, yield the same identiaal 
chloride of ethyl, C,H, Cl This confirmed the now 
generally adopted notion that the radical ethyl itself 1s 
nothing but methylo-methyl, H,C—CH,*, so that the 
filing up of the gap* by an H must necessanly produce 
“hydride of ethyl” and “dimethyl” in one The “true 
methy! ’ which chemists used to dream of, and which, when 
treated with chlorine, would yield two CH,Cl’s analogous 
to HH + CICl = HCl + HCl, does not, and according to our 
present knowledge cannot, exist A guasi apology for it 1s 
“marsh gas,” CH,, the principal component of the gas 
mixture which bubbles up from any marshy pond when its 
mud 1s sturred up with a stick It 1s always produced 
when vegetable matter decays in the presence of water, 
and in the relative or absolute absence of air What 
everybody knows as “fire damp” 1s nothing but a (neces- 
sarily explosive) mixture of air with impure marsh gas, 
produced in the constantly progressmg metamorphosis of 
the coal deposits , 1n certain districts streams of marsh gas 
are issuing forth from cracks in the earth , the “holy fire” 
of Baku is such a marsh gas spring, which, having once 
caught fire by accident, continues burning to this day 
Perfectly pure marsh gas can only be obtained from zinc 
methyl, Zn(CH,),, by 1ts decomposition with water (ede 
supra), a nearly pure preparation 1s procurable by heating 
a mixture of acetate of potash or soda and caustic alkah to 
dull redness — 

CH, COONa+NaOH =Na,CO,+CH,H 
Acetate Cat bonate 

Marsh gas can be prepared synthetically by the action 
of bisulphide of carbon vapour and sulphuretted hydrogen 
(both producible frum their elements) on red hot copper, 
CS, + 2H,8 + 8Cu = 4Cu,S + CH, (Berthelot) A mixture 
of marsh gas and chlorine, when exposed to direct sunlight, 
explodes with formation of hydrochloric acid and char 
coal In diffuse daylight only part of the hydrogen 1s 
eluminated and “replaced” by its equivalent in chlorine, 
which in general leads to the formation of four bodies 
CH,Cl=CH,+Cl,-HCl, chloride of methyl, CH,Cl, 
chloride of methylene , CHCl,, chloroform, CCl,, tetra- 
chloride of carbon Of these several chloromethanes, as 
they are called, the first here wnterests u more than any 
of the rest, because from it any other methyl compound 
can be produced by the substitution of the proper kind of 
radical for the Cl of the CH,Cl Thus, for instance, we 
can convert 1t nto methyl alcohol by treatmg the chlonde 
with aqueous caustic potash at 100° C (Berthelot) This 
1s &@ most important synthesis, because it 1s this methyl- 
alcohol that, mn practice, always serves as the starting 
point in the preparation of other methyl compounds 

Methyl Alcohol —This substance, m ordinary practice, 
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is never made synthetically, but simply extracted from 
wood spirit, a commercial substance which 1s produced 
industrially m the dry distillation of wood The wood 
spirit 1s contained in the aqueous portion of the tar pro 
duced in this operation, along with aceticacid To recover 
both, the tar water 1s neutralized with lime and distilled, 
when the acetate remains, while the spirit distils over, 
along with a deal of water, which, however, 18 easily 
removed, as far as necessary, by redistillation and rejection 
of the less volatile parts The “crude’ wood spirit, as 
thus obtained, 1s not unhke in its general properties to 
ordinary spirit of wine, from which, however, 1 1s easily 
distmguished by ite abominable smell The ordinary 
commercial article, besides a variable percentage of water, 
contains from 35 to 80 per cent of methylalcohol the 
rest consists chiefly of acetone, but besides includes 
dimethyl acetal, C H,(OCH,)$, acetate of methyl, and 
numerous other mimor components In Great Britam 
large quantities of wood spirit are used for the making 
of methylated spirit, a mixture of ordinary spit of wine 
with one ninth of its volume of wood spirit, which 1s 
allowed to be sold duty free for the preparation of 
varnishes, and for other industrial purposes In former 
time here as elsewhere, wood spirit itself used to be 
empioyed es a cheap substitute for spiritus vin1, but this 
is no longer so, since the aniline colour industry has created 
a large demand for pure methyl alcohol Hence in some 
Contimental works the wood spirit, instead of bemg sent 
out as such, 1s beg worked up for 1ts components, by the 
followmg sequence of operations —(1) dehydration by 
lime, (2) heating, under an imverted condenser, with 
caustic soda, to convert the acetate to hydrage of methyl , 
(3) destruction of the bad smells by mild omdation, (4) 
distillation in a kind of Coffeys still, whereby it 1s split 
up into approximately pure alcohol, acetone, and “ tails 

The new industry led to the invention of the following technical 
methods for the determination 1m a given spirit of the percentages 
of real methy1] alcohol and of acetone 

The alcohol 1s determined by saturating 5c ec of the spint with 
hydnodic acid (volatilization of alcohol and 10 lide of methyl being 
avoided by means of a cold water bath ani an inverted condenser), 
and the product youred into water Jolile of methyl separites 
out as a heavy oil which 1s measured as itis According to direct 
trials 5c c of pure methyl alcohol yields 7 45 c¢ of ciude 10dide 
(Krell Kramer and Giodzk; ) 

For the ietermination of the acetone the following reagents cre 
required (Krimer) —(1) a solution of 10dine pi tee by dissolv 
ing I,=254 grammes of 1oline by mens of (say) 500 grammes 
of iodide of potassium in water and diluting to 1 litte (2) 4 
solution of canstic soda containing twice (NaOH) grammes per ht 
(8) alcohol fre ether Ten cc of the soda ate placed ina gra 
duated cylinder and mixed intimately, first with 1 ¢ ¢ of the spint 
then with §cc of the iodine solution Iodotorm separates out (if 
acetone 1s present) 1n minute yellow crystal plates , this product 1s 
‘ shaken out’ by means of 10 cc of ether and dete:mined by 
evaporating an aliquot yart of the ethereal layer in a tared watch 

lass to dryness and weighing the residue C,H O jy1el1s CHI; 
ence 1 part of 1odoform indicates 0 28 parts of acetone 


The formula of methylalcohol and its true chemical 
character were correctly ascertamed by Dumas and Péhgot 
as early as 1834, yet pure methyl alcohol may be said to 
have been an unknown substance until 1852, when Wohler 
taught us to prepare it, by first extracting the CH, of the 
CH,OH in the wood spirit as oxalate of methyl, and then 
decomposing the (purified) oxalate with water 


The most convenient raw material to use nowadays 1s the 
commercial ‘‘pure alcohol if wood spit is employed it had 
bettor first be purified by distillation over caustic soda (vide supra) 
The formation of the oxalate then 1s best effected (acvording to 
Alexander Watt) as follows —500 grammes of oxalic acid crystals 
are mixed with 200 ce of oi) of vitriol, then 500 cc of the 
min are added, the whole kept for a time at 80°C, and then 

reg to stand a for wens four hours 

C) crop of oxalate crystals—partly (CH,),C,O, partly 
CH, H C,0,—1s separated from the iaaoe ie pressure and subse- 
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quent drying over vitriol, and then decomposed by distillation with 
water 

The aqueous alcohol thus obtamed 1s dehydrated by the well 
known methods used in the preparation of ordinary absolute alcohol 

According to Kramer, a purer preparation than Wohlers 1s 
obtained by extracting the methy] as formiate unstead of as oxalate, 
which 18 easily effected by digesting the wood spimt with a formic 
acid of 1 22 specific gravity, and punfying the formic ether by 
fractional distillation This ether boils at 32°, the oxalate at 161 
C hence a proper combination of the two methods should be 
infinitely superior toeither What now follows must, m general, be 
understood to refer to Wohler s preparation 

Pure methyl] alcohol 1s a colourless quid similar 1m its 
general properties, m its behaviour to other chemically 
mert liquids, and im its action as a solvent to ordinary 
absolute alcohol, from which, however, it differs by the 
entire absence from 1t of all spirituous odour A pre 
paration which smells of wood spirit may be condemned 
at once as impure According to H Kopp, its specific 
gravity is 08142 at O° C and 07997 at 16°4 If the 
volume at ¢° be V, then (from 0° to 61°) 


V=1+ 0001134¢+1 364x10 +48 741x10 


The boiling point is 64° 6 to 65° 2 ~=The tension-curve was 
determined by Regnault and by Landolt, but the results 
of the two observers do not agree except (approximately) 
at P=760 mm Methyl alcohol has quite a characteristic 
tendency to “bump badly on distillation, which, however, 
can be prevented by addition of a small fragment of tan 
sodium, which produces a feeble but sufficient current of 
hydrogen Its specificheatis 6713 latent heat of vapour, 
26 4, combustion heat, 5307 per unit weight (Favre and 
Silbermann) The refractive index for the D (sodium) 
ray 1s 1 3379 + 0013 for 10°+5 C (Dale and Gladstone) 

Methyl alcohol mixes with water im all proportions with 
contraction 

Since Wohlers discovery a table for the specific gravities of 
aqueons methyl] al ohols has teen constructed experimentally by 
A Dupre but unfortunately his alcohol boiled at 58°7 and con 
sequently must have been something different from what generally 
goes by this name 

In its chemical reactions methy] alcohol, CH, OH, 
very similar to ordimary (ethyl) alcohol CH, OH, and 
consequently in the same sense as the latter, analogous to 
water, H OH Thus, for mstance, metallic sodium and 
potassium dissolve in either alcohol with evolution of 
hydrogen and formation of ethylates or methylates of the 
alkali metals Example— 


CH,OH+Na=CH, ONa+4H, 


The two methylates crystallize from the solution with 
crystal alcohol, which can be driven off in an atmosphere 
of hydrogen by heat, without decomposition of the salts 
themselves Water at once decomposes them ito caustic 
alkah and alcohol, CH, ONa+H OH=NaOH+CH,OH. 
Yet the reverse reaction takes place when the alcohol 1s 
treated with a large excess of caustic soda 

The action of acids on methylalcohol 1s m general 
quite analogous to that on, for mstance, caustic soda, with 
this important difference, however, that what in the case 
of NaHO goes on so readily m aqueous solutions with 
CH, OH succeeds only under circumstances precluding 
the accumulation of water In these circumstances we 
have, for instance, 


(1) CIH+OH CH,=H,O+Cl CH,, 
(2) (C,H. 0,)H + OH CH, =H,0+(C.H,0. CH, 
Acetic acid Acetic ether 
and so on with all monobasic acids A dibasic aad XHH 
may act as (4)H or as (AH) H, thus, for mstance, 
8) (C,0,H = 
Sa Se a he clr 
[4) (C0. H,+20H CH,=2H,0+C,0, (CH,),, 
Methyl ox-*-*- 
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A tribasic acid forms two methyl acids and one neutral 
ether , we have, for instance, 

(5) (From PO,H,), PO,(CH,)H;, PO,(CH;),H , PO,(CHs)s 

It would, however, be a great mistake to suppose that 
whether, for mstance (Ex 3 and 4), the monomethyl or 
the dimethyl compound is formed depends on the quantity 
of methyl alcohol employed per umt of acid This depends 
far more largely on other conditions, as will be illustrated 
mm next paragraph The methyl salts of oxygen acids are 
called esters, in opposition to the chloride, bromide, 10dide, 
sulphide, and oxide, which are set apart asethers Broadly 
speaking, ethers are not, while esters are, readily decom 
_ 2d by water into their cogeners, but the mitrate 
CH, NO, behaves in this respect like an ether 

Action with Sulphurve Acud —Methy] alcohol mixes with 
oil of vitriol with considerable evolution of heat and (always 
only partial) conversion of the two mgredients into methyl 
sulphuric acid Equal volumes of acid and alcohol give 
a good yield To prepare pure methyl sulphates, dilute 
the mixture largely with water, avoiding elevation of 
temperature (which would regenerate the ingredients), and 
saturate with carbonate of baryta Tilter off the sulphate 
of baryta to obtain a solution of the pure methyl sulphate 
SO, CH, ba (where ba=}Ba=1 eq), from which this 
salt 1s easily obtamed in crystals From the baryta salt 
any other methyl sulphate 1s readily obtained by double 
decomposition with a solution of the respective sulphate , 
the acid itself, for mstance, by means of sulphuric acid 
At lugher temperatures the reaction between vitriol and 
methyl alcohol results in the formation of methyl ether, 
(CH,),0, or of normal sulphate of methyl, (CH,),SO, 
The ether 1s a gas condensable into a liquid which, under 
pressure of ont atmosphere, boils at ~ 21° C 

The gas dissolves in about one thirty seventh of its volume of 
water, far more ey in alcohol and in ether most abundantly 
mm oil of vitriol, which dissolves about six hundred times its 
volume of methy1 ether gas thus affording a verv handy means 
for storing up the gas for use ‘The solution 1 ee ls only be diluted 
with its own volume of water to be broken up into 1ts components 
(Erlenmeyer) 

Liquefied oxide of methyl 1s now being produced on the 
manufacturing scale, and sold as a powerful refrigerating 
agent One part of sulphuric acid 1s mixed with a little 
over one part of dehydrated wood spirit, and the mixture 
heated to 125° to 128° C (130° being carefully avoided), 
when methylether goes off When the mixture 1s 
exhausted, more wood spirit 1s added to the residue so as 
to re establish the original specific gravity (of 129), and 
the heating resumed, which aga furmshes a supply of 
the gas, and soon This proves that the process 1s not, as 
used to be supposed, one of mere dehydration, but a cycle 
of reactions analogous to those in the ordinary process of 
etherification, as shown by the equations — 

(1) SO,H,+CH,OH=S0, HCH,+H.0 
(2) 80, H CH,+H O CH,=SO,HH+CH, O CH, 

The ester SO,(CH,) though obtainable by distillation of the 

alcohol with 10 parts of vitriol 1s more convemiently y repare 1 from 

ure methyl sulphuric acid hy distwlation mm vacuum at 180° 140° 
BE eR EE 
bolls at 187° toss" eno rete 

Chloride of methyl, CHCl, readily produced by the action 
of hydrochloric acid gas and hot methyl alcohol (preferably 
in the presence of chionde of anc as an auxhary dehy 
drator), 18 a gas which, under ordinary pressure, condenses 
msto a liquid at- 23°C The gas, at ordiuary temperatures 
(though very readily soluble in alcohol), 1s only sparingly 
absorbed by water, which, however, at 6° unites with it 
mto a solid hydrate Condensed methyl chlonde has 
become an article of commerce, being largely produced 
from trimethylamine (nde wmjra) and used as a powerful 
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frigorific agent, aa well as for the extraction of perfames 
from flowers Regarding nitrite of methyl, NO—O-—CH,, 
its interesting isomende nitromethane, O, and 
nitrate of methyl, NO,CH,, we must refer to the hand- 
books of organic chemistry 

Lodide of methyl, CH, 1s obtamed by distilling methyl 
alcohol with hydriodic acid, which latter 1s best produced 
off hand by addition to the alcohol of iodine and amorphous 
phosphorus It 1s @ colourless quid of 2 269 specific 
gravity, boiling at 42° 5 C, msoluble in water 

Orgamc Methyl Esters —The more volatile ones are in 
general easily obtamed by distillation of the respective 
acid with methyl alcohol, or with methyl alcohol and oul 
of vitriol (virtually SO, H CH,), the less volatile 
ones more conveniently by passing hydrochloric acid gas 
into a methyl alcoholic solution of the acid We have no 
space for the mdividual substances, but the salicylate 
C.H,O, CH, may just be named as being the principal 
component of the essential oil of Gaultherra procumbens 
(wintergreen oul) : 

Methylamiunes —The general result of the action of 
ammonia on an ester is the formation of alcohol and acid 
amide Example— 

(C,H,0)— 0—CH, +HNH,=CH, OH+C,H,O NH, 
Acetate of methyl Acetamide 

With iodide of methyl this reaction is an obvious 1m 
possibility , what really takes place (as A W Hofmann 
has shown for this and all analogous cases) 1s that the 
iodide unites with the ammonia mto the HI compound 
HI NH,CH, of a base NH.CH,, which can be separated 
from the acid by distillation with caustic potash, and when 
thus liberated presents itself as a gas surprisingly similar 
(almost to identity) to ammonia The analogy extends to 
the action on 10dide of methyl, which, in the case of methyl 
amine, NH,CH,, leads to the formation of dimethylamine, 
NH (CH,),, and from the latter again trimethylamine, 
N(CH,),, can be prepared by a simple repetition of the 
operation These three amines are closely analogous in 
their chemical character to ammonia, the poimts of differ 
ence becoming the more marked the greater the number of 
(CH,)s in the molecule Trimethylamyne, having lost all 
its ammonia hydrogen, cannot possibly act upon iodide of 
methyl like its analogues What it really does 1s to unite 





‘with the iodide ito “iodide of tetramethyl ammonium,” 


I N(CH,),, analogous to iodide of ammonium, INH,, we 
should say, 1f 1t were not the reverse, because the organic 
iodide (unlike its prototype, which is an ammonium 
compound only in theory), when treated with moist oxide 
of silver (virtually with AgOH), really does yield a solution 
of a true analogue of caustic potash in the shape of 
hydroxide of tetramethyl ammonium, N(CH,), OH 

In regard to the actual preparation of these several 
bodies, which 1s not so simple as might appear from our 
exposition of their mutual relations, we must refer to the 
handbooks of organic chemistry But we must not omit 
to state that trimethylamine, which only the other day 
was never seen outside a chemical museum, 1s now being 
manufactured on a large scale, and promises to play an 
important part in industrial chemistry The waste hquors 
obtained 1n the distillation of alcohol from fermented beet- 
root molasses serve as a raw material for its preparation 
These liquors, when evaporated to dryness and subjected 
to dry distillation, yield, besides tar and gases, an aqueous 
liquid eontaiming large quantities of ammonia, acetonitrile, 
methyl-alcohol, and trimethylamine Thus liquor 1s neutral- 
ized with sulphuric acid, and distilled, when the mtrile 
and the methyl alcohol distil over, to be recovered by 
proper methods From the mixed solution of the sulphates 
of ammonia and trimethylamine the former 1s separated 
out as far as possible by crystalluation, the mother-hquor 
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is distilled with hme; the volatile bases are absorbed in 
hydrochloric acid , the hydrochloric solution 1s evaporated , 
and the sal ammoniec which comes out at first 1s, as far as 
possible, fished out The last mother liquor 1s evaporated 
to dryness, and in this form represents commercial 
trimethylamine hydrochlorate It 1s this product which 
serves for the preparation of methyl chloride (ude supra), 
the process bemg founded upon the fact that a concentrated 
solution of the salt, when heated, breaks up 3HC1 N(CHs), 
ito 2N(CH,), of free trimethylamine-+ NH, CH,HCI of 
hydrochlorate of monomethylamine and 2CH,C! of methyl 
chlonde 

These processes are bemg carried out industrially by 
Vincent 1n France But this base trimethylamine seems 
destined to do more than provide us with a new refrigerat 
ing agent The attempt hasybeen made—it would appear, 
with success—to utilize it for the preparation of pure 
carbonate of potash from native chloride of potassium, 
gust as ordinary ammonia, in the famous ammonia soda 
process, serves for the conversion of common salt into soda 


Methyi Cyanrdes —There are two distinct bodies which by com 
position and by synthesis are both CH,;+NC they are named 
“acetonitrile (formeily called simply cyamde of methyl) ani 
isocyanide of methyl or methylcarbamine respectively 

Acetonitrile was discovered bv Dumas in 1847 It may 
pared by the distillation of a mixture of mcthylsulphate an: 
cyanide of potassium , but 1s obtamed more easily and in a purcr 
state by distilling acetamide with phosphoric anhydride Acetate 
of ammonia may be used instead of the amide, butit does not work 


so well 
CH, CO O(NH,) CH, CO (NH,) CH, CN 
Acetate of NH, Acetamide Nitrile 
= A (say) =A-H,0 = A -2H,0 


It 18 a colourless liquid of a pungent aromatic odour, with specific 
gravity 805 at 0° and boils at 82° When heated with aqueous 
potash (at the wrong end of a condenser) it breaks up with for 
mation of ammonia and acetate of potash Whence we conclude 
that the methyl 1s combined more directly with the carbon of the 
cyanogen, thus 

N{C—CH,} +2H,O=NH,+CH, COOH. 
Acetic acid 

This conclusion 1s supported by the action on the nitrile of nascent 
eae which leads to the formation of ethylamine, thus (Men 

us} —- 


NC—CH,; + 4H _ H,N—CH.CH, 
Ethylamine 

In either case we pass from a monocaibon to a dicarbon body, 
virtually from methyl to ethyl] alcohol 

The isocyanide 1s prepared by hexting iodide of methyl] with 
cyanide of silver (CH,I , 2NCAg) and ether 1n a sealed up tube to 
180° to 140°, to produce the crystalline body AgNC + NCCH;, (and 
Ag) ‘Lhe double cyamde, when distilled with some water and 
cyanide of potassium, breaks up into its components —the NC Ag 
forming (NC),AgK and the cyanide of methyl distilsover Itisa 
colourless liquid, «haractenized by quite an unbearably unit ving and 
sickening smell ‘Lhe specific gravity 1s 756 at 14°, the boiling pomt 
59° C It combines with hydrochloric acid into a crystalline salt 
which 1s readily decomposed by water into methy lamime and form 
acid Whence we conclude that in this case the cyanogen 1s tied 
to the methyl by its nitrogen , thus — 


C{N—CH,}+2H,0~H COOH+NH, CH, 
Formx acid. Methylamine 


The methyl here remains methy], 1 emg separated by an N from the 
cyanogen carbon, which latter 8 into formic acid 

We must not close this section without at least eit to 
the methylphosphines, as beg n set of bodies 1<]ited to PH, 
(phosphine) as the methylamines are to NH, (ammonia) and similar 
to these in their chemical character, in so far as thcy are bases 
The points of difference between the two series are of prettv much 
the same sense as those between the two prototypes Thus, for 
instance, while trimethylamine N(CH,), 18 a strong base but inert 
to oxygen gas, tnmethylphosphme 13 a telatively feeble base, 
but im contact with ar y absorbs oxygen with formation of 
an oxide P(OH;),0, the like of which in the nitrogen series has no 


nee 

Sulphur Compounds of Methyl —Substances analogous to methyl- 
alcohol and methyl ether respectively can be obtamed by the dis 
tallation of methy) snlphate pf potassum with strong solations of 
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the potassium sulphides KHS and respectively The body 
CH, SH 1s known as methyl-mercaptane, the other (CH,),S as 
sulphide of methyl Both are very volatile stinking hquds. 
Sulphide of methyl! claims a special interest as being the start: 
pomt for the preparation of an umportant class of bodies call 
trymethyl sulphine compounds e sulphide (CH,),8 readil 
unites with the 10dide CH,] into crystals of iodide of trimeth 
sulphine, (CH,),8 I, a substance which 18 closely analogous in its 
chemical character to the iodide of tetramethyl ammoniam. Motst 
oxide of silver, for instance, converts 1t into a strongly basic hydrate, 
S(CH,), OH, which in its avidity for acids almost beats 1ts n 
in the nitrogenfanily An investigation of its salts was pub 
by Crum Brown and Blaikie 

Methyl Arsenides —Arseniferous bases constituted like mono or 
di methylamine (bodies such as AsH,CH;,, analogous to NH, CH. 
do not seem to exist. What we do know of are—(1) a trimethyl- 
arsine and the iodide and the hydroxide of tetramethylarsonium, 
—As(CH;);, As(CH;),I and As(CH;),OH,—bodies discovered by 
Cahours and Riche, (2) a whole series of monomethylic bodies, 
As(CH.)X, (where X=Cl, Br, 01 X,= 0,8), discovered by Baeyer in 
1857 , (3) the kakodyle compounds, a series of bodies, As(CH;), X 
or Aa(CH,), X , which were vered and inves’ by R. Bunsen 
in 1842 ihis great investigation marks an epoch in the history of 
organic chemistry, and our article would not be complete without at 
least a shortsummary ofitsresults Bunsen started in his inv 
tion with a liquid which had been obtained by Cadet as early as 1760, 
by the dry distillation of equal parts of white arsenic and anhydrous 
acetate of potash and which nobody cared to investigate becanse 
1t emits fumes which have an indescnbably sickening smell and an 
intensity of Poonon action, compared with which that of white 
arsenic itself appears insignificant It was reserved for Bunsen to 
attack this awful substance and force 1t to give an account of itself. 
According to Bunsen Cadets liquil is substantially an oxide, 
(AsCoH,)o00 which has sttongly basic ,10perties, readily exchang- 
ing its U for Cl, & ‘lo obtain the ure substance, the liquor ts 
distilled with corrosive sublimate and hydiochlone acid, which m 
the first mstance yields the pure murite of the base As(CH,),Cl, 
in the form of a hquid volatile above 100° into vapours which take 
fire spontaneously in air From this chlomde of hahody le the pure 
oxide 13 obtained by distillation with canstic potash The pure 
oxide emits no fumes its specific gravity 1s 1 462, 1t boils near 
150° A mixture of its vapou: with air detonates at 50° C From 
the chloride again Bunsen obtained the fiee radical Lakodyle, 
(AsC,H,). by treatment with metallic zinc in a special apparatus, 
so cons‘ructed that all the several operations involved could be 
cairied out without bringing the contents in contact with atr,— 
& necessary precaution, because kahodyle 1s a liquid which takes 
fire in alt spontaneously even at ordinary temperatures Pure 
kakod) le 1s a heavy colourless liquid boitmg at about 170° C , and 
freezing at -6° When exposed to oxygen or chlorine 1t suffers 
destructive combustion , but on slow access of air 1t1s oxidized into 
its oxide (AsC,H,),0, and kakodylic acid, with chlorine water it 
unites into the chloride which 1t came from , 1t also unites directly 
with sulphur and other elements , in short, it 18 exactly to kako 
dyle compounds what potassium 1s to potash and potash salts, 

a true olganic element, as Bunsen himself put it This dis- 
covery of Bunsens was greeted with an enthusiasm which it 1s 
difficult im these days to realize With us now, a radical w 
intrinsically 4 fiction it was different in 1842 By the isolation 
of kakodyle the ‘radical notion suddenly rose from an unproved 
hypothesis to the rank of a theory baxd on experiment Stall, 
however much our theoretical notions may shift, Bunsen s research 
will stand as a piece of monumental scientific work. 

Kakodylw acid, As O (CH;). OH, 13 most convemently pre- 
yared fiom the oxide by addition of wate and oxide of mercury,— 

00+ 2Hg0 supply ing the H,+0Oy required for 1(AsC,H,),0 This 
is a crystalline monobasic acid, soluble in water U e the 
kahodyhdes of the As X, type, 1t has no smell, and 1 no very 
violent poison It takes si. grains of 1t to killa rabbit 

Metalire Methides —kx umples of these are—Sb(CH,), , Sb(CH,),, 
Mag(CHy), , Zn(CHs), Pb(CH,), Al(CH;); Sn(CH,), Togivean 
idea of the chemucal character of this interesting class of es we 
choose zine methyl as a representative example, and state bnefly 
the chief pomnts of 1ts chemical history This body was discovered by 
Frankland in 1849 —_It.15 prepared by boiling iodide of methy] over 
granulated zine 1n a flash connected with an inverted condenser, and 
so contrived otherwise that the contents are protected against acceas 
of moisture and oxygen Under these cucumstances the two m- 
pediente gradually unite nto a non volatile and solid compound 
Zn (CHs) When this body 1s heated with more of iodide of 
methyl, 1t undergoes decomposition, with formation of 10dide of 
mn. and of dimethyl gas, 1—Zn—CH,+CH,I=Znl,+(CHsly 
which reaction to some extent takes plac unavoidably in the pre- 
paration of the zinc salt, howeve: great an excess of metal may be 
taken Whatsurvives needs only to be subjected to dry distillation 
(m the absence of air) to vield a distillate of znc-methy] — 


21—Zn—CH, = Znl, + Zn(CH,). 
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Zanc methy) 18 a colourless liquid of 1 386 specific gravity at 10° 5, 
which boils at 46°C , m contact with ar xt takes fiie Water 
decomposes 1t at once into hydrate of oxde of zinc and marsh gas, 
Zn(CH,),~Zn(OH),+2CH;H Of other reactions the following 
may be named (1) When digested with sodium, 1t yields a precip: 
tate of metallic zinc, and a double compound of itself and sodium 
methy! This litter umtes readily with carbonic acid into acetate 
chlonde of acetyl 1t forms acetone, Zn(CH;),+2CH; CO Cl= 
ZnCl, + 2CO(CH,),(Freund) (3) Under somewhat different condi 
tons including the presence of an excess of Zn(CH,)., a compound 
1s produced which with water, yields tertiary buty] alcohol (Boutle 


CO(CH,).+ Zn(CH,)o=C(CH,); O ZnCH,=A, 


A+2H OH =Zn(OH),+CH,+((CH,),- 0H 


Tei tial y alcohol (W D) 


METRONOME an mstrument for denoting the speed 
at which a musical composition 1s to be performed Its 
myention 13 generally, but falsely, ascribed to Johann 
Nepomuk Maelzel, a native of Ratisbon (1772-1838) It 
consists of a pendulum swung on a pivot below the pivot 
13 a fixed weight, and above it 1s a sliding weight that 
regulates the velocity of the oscillations by the greater or less 
distance from the pivot to which itis adjusted The silent 
metronome 15 impelled by the touch and ceases to beat 
when this impulse dies , it has a scale of numbers marked 
on the pendulum, and the upper part of the sliding weight 
1s placed under that number which 1s to indicate the 
quickness of a stated note, as M M (Maelzel s Metronome) 

=60, or @ = 72, or = 108, or the hke The number 60 


mmphes a second of time for each single oscillation of the 
pendulum,—numbers lower than this denoting slower, and 
higher numbers quicker beats The scale at first ex 
tended from 50 to 160, Lut now ranges from 40 to 208 
A more complicated metronome 1s impelled by clock work, 
makes a ticking sound at each beat, and continues its action 
till the works run down, a still more intricate machine 
has also a bell which 1s struck at the first of any number 
of beats willed by the person who regulates it, and so 
signifies the accent as well as the time 
The earliest instrument of the kind, a weighted pendulum 
of vanable length, 1s described in a paper by Etienne Loulé 
(Pans, 1696, Amsterdam, 1698) Attempts were also 
made by Enbrayg (1732) and Gabory (1771) Harrison, 
who gained the prize awarded by the Fnglish Government 
for his chronometer, published a description of an instru 
ment for the purpose nm 1775 Davaux (1784), Pelletier, 
Abel Burja (1790), and Weiske (also 1790) described 
their various expermments for measuring musical time In 
1813 Gottfried Weber, the composer, theorist and essay 1st, 
proposed a weighted ribbon graduated by inches or smaller 
divisions, which might be held or otherwise fixed at any 
desired length, and would imtallibly oscillate at the same 
speed so long as the imupulse lasted this the simplest, 15 
also the surest the most endurmz the most portable, and 
the cheapest invention that has come before the world, 
and one can but wonder that it has not been universally 
accepted Stockel and Zmeskall produced each an instru 
ment and Maelze) made some slight modification of that 
by the former, about the end of 1812 which he announced 
ag anew invention of his own, ind exhibited from city to city 
on the Continent It was, as nearly as can be asccrtamed 
wm 1812 that Winkel, a mechanician of Amsterdam deviscd 
a plan for reducing the inconvenient length of all existing 
mstruments, on the principle of the double pendulum rock 
ing on both sides of a centre and balanced by a fixed and a 
variable weight He spent three years in completing it, 
and it 1s described and commended in the Report of the 
Netherlands Academy of Scrences, August 14,1815 Maclzel 
thereupon went to Amsterdam, saw Winkel and inspected 
his invention, and, recognizing its great superiority to what 
he called lus own, offered to ‘wy all night and title to it 
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Winkel refused, and so Maelzel constructed a copy of the 
instrument, to which he added nothing but the scale of 
numbers, took this copy to Paris, obtamed a patent for 1t, 
and in 1816 established there, in his own name, a manu 
factory for metronomes When the mmpostor revisited 
Amsterdam, the inventor instituted proceedings against 
him for his piracy, and the Academy of Sciences decided 
m Winkels favour, declaring that the graduated scale was 
the only point 1n which the instrument of Maelzel differed 
from his Maelzels scale was needlessly and arbitrarily 
comphcated, proceeding by twos from 40 to 60, by threes 
from 60 to 72, by fours from 72 +o 120, by sixes from 120 
to 144, and by eights from 144 to 208 Dr Crotch con 
structed a time measurer, and Henry Smart (the violist, 
and father of the composer of the same name) made another 
in 1821, both before that regerved as Maelzel s was known 
in England In 1882 James Mitchell, a Scotsman, made 
an ingenious amplification of the Maelzel clock work, 
reducing to mechanical demonstration what formerly rested 
wholly on the feehng of the performer Although 
“‘ Maelzel s metronome ” has universal acceptance, the silent 
metronome and still more Webers graduated mbbon are 
greatly to be preferred, for the clock work of the other 1s 
hable to be out of order, and needs a nicety of regulation 
which 1s almost zmpossible , for stance, when Sir George 
Smart had to mark the traditional times of the several 
pieces in the Dettmgen Te Deum, he tested them by twelve 
metronomes, no two of which beat together The value of 
the machine 18 exaggerated, for no hving performer could 
execute a plece in unvaried time throughout, and no 
student could practise under the tyranny of its beat, and 
conductors of music, nay, composers themselves, will give 
the same piece shghtly slower or qucker on different 
occasions, according to the circumstances of performance 
METSU, Gasrizt, a Dutch painter of celebrity (born 
in 1630, died after 1667), 18 one of the few artists of 
renown in Holland whose life has remained obscure 
Houbraken, who eagerly collected anecdotes of painters 
in the 18th century, was unable to gather more from the 
gossip of his contemporaries than that, as early as 1658, 
Metsu, at the age of forty three, submitted to a dangerous 
surgical operation The inference drawn by superficial 
readers from this statement has been that death mmediately 
ensued A more careful perusal would have shown that 
Houbraken knew that Metsu had given lessons to De 
Musscher in 1665 Local records now reveal that Gabriel 
was the son of Jacques Metsu, who lived most of his days 
at Leyden, where he was three times married The last of 
these marriages was celebrated in 1625, and Jacomma 
Garnyers, herself the widow of a painter, gave birth to 
Gabiicl nn 1630 Connected by both his parents with art, 
Metsu was probably taught first by his father and then by 
Gerard Dow He probably fimshed his trammg under 
Rembrandt So far back as 1648, Fur a few days earlier 
than Jan Steen, who 1s said to have painted his portrait, 
Metsu was registered in the painters’ sorporation at Leyden, 
and the books of the guild also tell us that he remained a 
member in 1649 In 1650 he ceased to subscribe, and works 
bearing his name and the date of 1653 give countenance to 
the belief that he had then settlcd at Amsterdam, where he 
continued his studies under Rembrandt His companions 
at the time would naturally be De Hooch and Van der 
Meer, whose example he soon followed when it came to his 
turn to select the class of subjects for which his genius 
fitted him Under the mfluence of Rembrandt he pro- 
duced the Woman Taken in Adultery, a large picture with 
the date of 1653, in the Louvre, in which no one would 
suspect the pater of high life or taverns were it not that 
his name is written at full length on the canvas The 
artist who thus repeated the gospel subjects familar to 
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Flinck and Eeckhont was also acquainted with the Oriental 
wardrobe of Rembrandt, and ready to use it, like all his 
contemporaries But he probably observed that sacred 
art was ull suited to his temper, or he found the field 


too strongly occupied, and happily for himself, as well pillaged 


as for his admurers, he turned to other subjects for 
which he was better fitted We may doubt whether he 
tried the style of allegory as iulustrated m a picture of 
Justice Protecting Virtue and Chastismg Vice in the 
gallery of the Hague ‘There 1s every reason to think that 
this rough and frosty composition was wrought by quite 
another master What Metsu undertook and carried out 
from the first with surpnsing success was the low hfe of 
the market and tavern, contrasted with wonderful versa 
tahty by mmcidents of Ingh hfe and the drawing room 
In each of these spheres he combined humour with expres 
sion, a keen appreciation of nature with feeling, and breadth 
with delicacy of touch, unsurpassed by any of his contem 
es Inno single mstance do the artistic lessons of 

Rembrandt appear to have been lost upon him The same 
principles of hght and shade which had marked his school 
work in the Woman Taken mm Adultery were applied to 
subjects of quite a different kind A group m a drawing 
room, a series of groups in the market-place, a single figure 
in the gloom of a tavern or parlour, was treated with the 
utmost felicity by fit concentration and gradation of 
light; a warm flush of tone pervaded every part, and, with 
that, the study of texture in stuffs was carried as far as 1t 
had been by Terburg or Dow, 1f not with the fimsh or 
the brio of De Hooch Metsus pictures are all im such 
admirable keeping, and so warm and harmonious in his 
middle or so cool and harmonious in his closing time, 
that they always make a pleasing impression They are 
more subtle in modulation than Dows, more spirited and 
forcible in touch than Terburgs, and, if Terburg may of 
right claim to have first painted the true satin robe, he 
never painted it more softly or with more Judgment as to 
colour than Metsu 

That Metsu married and became a citizen of Amsterdam 
in 1659 would only prove that his residence in the com 
mercial capital of the Netherlands was later than historians 
have generally assumed But there 1s no reason to think 
that Metsu claimed his citizenship at once The privileges 
of a burgess were given in exchange for a payment of dues, 
and these painters had vanous ways of avoiding unless they 
marned One of the best pictures of Metsus manhood 1s 
the Market place of Amsterdam, at the Louvre, respecting 
which it 18 difficult to distribute praise m fair proportions, 
so excellent are the various parts, the characteristic move 
ment and action of the dramati personz, the selection of 
faces, the expression and the gesture, and the texture of 
the things depicted A tim can in the arm of a cook wa 
marvel of imitation, but the cooks face 1s also a marvel 
of expression Equally fine, though earlier, are the 
Sportsman (dated 1661) and the Tavern (also 1661) at the 
Hague and Dresden Museums, and the Game Dealer s Shop, 
also at Dresden, with the painters signature and 1662 

Metsu 1s one of the pa:nteis of whose skill Holland still pre 
serves examples, yet whose best pictures ate either in England or in 
France or in the galleries of Germany he value of his works 1s 
large, and at the Pommersfelden sale in 1867 the Jealous Husband 
Dictatang his Wife’s Letters though but one of severil replicas 
was bought by Lord Hertford for little short of £2000 while for 
the Ride of the Prince of Orange in the Gsell collection at Vienna 
£3000 was paid by Baron Rothschild in 1873 (J A C) 

METTERNICH, Cremens Wunzestavs, Parncr (1773- 
1859), first minister of Austria from 1809 to 1848, was 
the son of a Rhenish nobleman employed in high office by 
the Austrian court He was born at Coblentz m 1773 
At the age of fifteen he entered the university of Strasburg 
The French Revolution was then beginning Everywhere 
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the spint of hope gave to men’s language an exaltation and 
a confidence hardly known at any other epoch But the 
darker reality soon came into view Metternich was a 
witness of the mot in which the town hall of Strasburg was 
by a drunken mob, his tutor subsequently became 
a member of the revolutionary tribunal in Alsace If we 
are to trust to Metternichs own account of the formation 
of his opmuions, the hatred of mnovation, which was the 
ruling principle of his later life, arose from his experience 
of the ternble results which followed at this time from the 
victory of so-called liberal ideas But in reality Metternich 
was an aristocrat and a conservative by birth and nature 
His sentiment in things political was that of a member of 
a refined and exclusive society which trusts to no intelli 
gence but its own, and hardly sympathizes with larger 
interests The aggressions and violence of the Revolution 
from 1789 to 1799 gave Mettermch an historical basis for 
his political theories, but the mstinctive preferences of his 
own mind were the same from first to last He began hfe 
asa young man of fashion and gallantry His marnage 
i 1795 with the Princess Kaunitz, a granddaughter of the 
famous minister, fixed him in the highest circle of Austrian 
nobility His first contact with the great political world 
was at the congress of Rastadt in 1798, where, under the 
auspices of the victorious French republic, arrangements 
were made for compensating the German princes and nobles 
whose possessions on the left bank of the Rhine had been 
ceded to France by the peace of Campo Formio Metternich 
was the accredited agent of a group of Westphalian nobles, 
his private letters give a vivid picture of the rough and 
uncourtly diplomatists who had succeeded to the polished 
servants of the old French monarchy In 1801 Metternich 
was appointed Austrian ambassador at Dresden, and mm 
1803 he was promoted to Berlin, but he had hardly 
become as yet a promment manin Europe His stay at 
Berlin was the turning point of his hfe The war of the 
third coalition was impending Austria united with England 
and Russia against Napoleon, and the task of the youthful 
ambassador was to win over the court of Berlin to the 
cause of the ales Metternich seems to have done all 
that 1t was possible for him todo but Prussia persisted 
in 1ts neutrality The earnestness with which Metternich 
had worked against France did not prevent him from 
remaining on the fnendhest terms with M Laforest, the 
French ambassador at Berlin , and so agreeable an account 
of him was transmitted to Pams by his mval that, at the 
close of the conflict, Napoleon himself requested that 
Mettermch might henceforward represent Austna at the 
Tuuleries Metternich was accordingly sent to Pams m 
1806 This was the beginnmg of the period when Austna, 
humbled but not exhausted by the blow of Austerltz and 
by the losses accompanying the peace of Pressburg, deter 
mined, under the leadership of Count Stadion, to prepare 
for another war on a greater scale But the sudden over 
throw of Prussia, and the alliance between France and 
Russia which was made at Tilsit in 1807, added mmmeasur 
ably to the difficulties of the court of Vienna It became 
clear that Napoleon was intending to dismember Turkey, 
and to gain for himself some part of the spoils of the Otto- 
man empire Metternichs advice was that Austna should 
endeavour to detach the czar from the French alhance, and 
by this means frustrate the plan of partition but, should 
Russia hold fast to Napoleon, that Austma itself should umte 
with the two aggressors, and secure its share of Turkey 
Onental affairs, however, fell unto the background, and 
in the summer of 1808 Metternich was convinced that 
Napoleon was mtending to attack Austria, though not 1m 
mediately He warmly supported Count Stadions policy 
m raising the forces of Austma to the highest strength , 
,and, although he did not share the mimuster’s hopes m &% 
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general rising throughout Germany, he expressed in his 
despatches no distrust of the power of Austria to cope 
with Napoleon This 1s the more singular because, 
after the disastrous issue of the campaign of 1809, 
Metternich seems to have taken credit for having 
opposed the policy of war Napoleon agam captured 
Vienna , the battle of Wagram was lost, and after a long 
negotiation Austria had to purchase peace by the cession 
of part of Austrian Poland and of 1ts Illynan provinces 
Metternich, who had virtually taken Count Stadion s place 
immediately after the battle of Wagram was now installed 
as mimster of foreign affairs The first strikmg event 
that took place under his administration was the marnage 
of Marie Louise, daughter of the emperor Francis, to his 
conqueror Napoleon To do justice to Metternich s policy 
1t must be remembered that the alliance of Tilsit between 
France and Russia was still im existence, and that Austna 
was quite as much threatened by the czars designs upon 
Turkey as by Napoleons own aggressions Metternich 
himself seems in spite of his denials to have been the real 
author of the family union betwecn the houses of Hapsburg 
and Bonaparte,—a most politic, 1f not a high spirited 
measure, which guaranteed Austria against danger from 
the east, at the same time that 1t gave it at least some 
prospect of security from attack by Napoleon, and enabled 
Metternich to mature his plans for the contingency of an 
ultimate breach between France and Russia In 1812 this 
event occurred Metternich, in nominal alliance with Napo- 
leon, sent a small army ito southern Russia, allowing 1t to 
be understood by the czar that the attack was not serious 
Then followed tho annihilation of the Fiench imvaders 
While Prussia, led by its patnots, declared war against 
Napoleon, Metternich, with rare and provoking coolness, 
held his hand, merely "tating that Austria would no longer 
regard itself as a subordinate ally, but would act with all its 
force on one side or the other The result of this reserve 
was that Metternich could 1mpose what terms he pleased on 
Russia and Prussia as the price of his support The armies 
of these two powers, advancing into central Germany, 
proved no match for the forces with which Napoleon took 
the field in the spring of 1813 and the hard fought battles 
of Lutzen and Bautzen resulted in the retreat of the alles | 
After the combatants had made an armistice, Met 
ternich tendercd Austrias armed mediation, requiring 
Prussia to content itself with the restoration of its territory | 
east. of the Libe, and leaving Napoleons ascendency m | 
Germany almost untouched Napoleon, after a celebrated 
interview with Metternich madly rejected terms so favour 
able that every Prussian writer has denounced Metternich s - 
proposal of them as an act of bitter enmity to Prussia 
On the night of the 10th of August the congress of Prague, at 
which Austra, as armed mediator, laid down conditions of 
peace, was dissolved Metternich himself gave orders for 
the hghtmg of the watch fires which signalled to the 
armies in Silesia that Austria had declared war against 
Napoleon The battle of Leipsic and the campaign of 
1814 in France followed Mettermch steadily pursuing the 
pone of offermg the most favourable terms | ossible to 
apoleon, and retarding the advance of the allied armies 
upon the French capital Metternich had nothing of that 
personal hatred towards the great conqueror which was 
dominant both in Prussia and in England on the contrary, 
though he saw with perfect clearness that, until Napoleon s 
resources were much dimimished no one could be safe in 
Europe, he held 1t possible to keep him in check without 
destroying him, and looked for the secunty of Austria mn 
the establishment of a balance of power in which neither 
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was no doubt necessary to the allies, had, so far as related 
to Prussia, been dearly purchased When, at the begmnmg 
of 1813, Prussia struck for the freedom of Germany, ita 
leading statesmen and patnots had hoped that the result 
of the war of liberation would be the establishment of 
German unity, and that the mmor German princes, who 
had been Napoleon’s vassals since 1806, would be forced to 
surrender part of their rights as sovereigns, and submit to 
a central authority This dream, however, vanished as 
soon as Austria entered the field as an ally It was no 
part of Metternichs policy to allow anythimg so revolu 
tionary as German unity to be established, least of all 
under the influence of Prussian imnovators He made 
treaties with the king of Bavama and Napoleons other 
German vassals, guaranteemg them, im return for their 
support against France, separate independence and sove- 
reignty when Germany should be reconstructed Accord 
ingly, though the war resulted, through Napoleon’s 
obstinate refusal of the terms successively offered to him, 
in the hmitation of France to its earlier boundaries and 1f a 
large extension of Prussias termtory, the settlement of 
Germany outside Prussia proceeded upon the lines laid 
down by Metternich, and the hopes of unity raised m 
1813 were disappomted A German confederation was 
formed, in which the mimor sovereigns retained supreme 
power within their own states, while the central authonty, 
the federal diet, represented, not the German nation, but 
the host of governments under which the nation was 
divided Metternich even advised the emperor Francis of 
Austria to dechne the old title of German emperor, dis- 
hking any open embodiment of the idea of German unity, 
and preferrmg to maitain the ascendency of Austra by 
a gentle pressure at the minor courts rather than by the 
avowed exercise of imperial rights In this unprogressive 
German policy Metternich was completely successful 
His great opponent, Stein, the champion of German unity 
and of constitutional systems, abandoned his work m 
despair, and refused the useless post of president of the 
diet, which Mettermch, with a kind of gentle 1rony, offered 
to him 

The second branch of Metternichs pohey m 1813-14 
was that which related to Italy Following the old maxims 
of Austrian statesmanship, Metternich armed not only at 
seculing @ large territory beyond the Alps but at making 
the influence of Austria predominant throughout the Itahan 
pemmsula The promises of national independence which 
had been made to the Itallans when they were called upon 
to rise against Napoleon were disregarded In the secret 
clauses of the first treaty of Paris the annexation of both 
Lombardy and Venetia was guaranteed to Austria, and the 
rest of Italy was divided into small states as of old 
Napoleon s return from Elba led to the downfall of Murat, 
who had been allowed to retain the kingdom of Naples, and 
to the reunion of this country with “U-ily, under the Bourbon 
Ferdinand After the second overthrow of Napoleon, 
Metternich endeavoured to make every Italan sovereign 
enter into a league under Austnas presidency Ferdinand 
of Naples accepted the position of vassal, but the pope and 
the king of Sardima successfully mamtaimed their inde 
pendence With the construction of the German federation, 
and the partial construction of an Itahan federation, both 
under Austria’s guidance, the first part of Metternich’s 
career closes He had guarded Austrias mterests with 
great skill during the crisisof 1813 and 1814 It was not 
his own fault, but the fault of ages, that Austria’s interests 
were in antagonism to those of German and of Itahan 
nationality He thought as an Austrian, and as nothing 


Russia nor France shoud preponderate, while Prussia | else, his task was to serve the house of Hapsburg, and this 
should be atrictly confined within its own limits n northern | he did with signal ability and success To denounce 
Germany. The assistance of the Austrian army, which | Mettermch as a kind of criminal, according to the practice 
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of Prosman writers, bevause he did not work for German 
nnity, 14 to ignore the existence of such a thing as state- 
pohey Judged by the ordinary standards of practical 
p, not by the philosophy of hustory, 
Mettermichs action m 1813 and 1814 was that of a very 
superior man, and the qualities of calmness and dexterity 
which he displayed would have given an infinitely greater 
effectiveness to the life of lus great rival Stem, who in 
patriotic and moral enthusiasm was so far above hun 
The second part of Metternichs career, which extends 
from 1815 to 1848, 1s that of a leader of European conser 
vatiam It 1s difficult to describe his attitude towards 
almost all the great questions which were now arising 
as any but one of absolute blindness and infatuation 
He acknowledged that exceptional circumstances in the 
past had made it possible for England to exist under a 
constitution, he knew that Krance would not surrender 
the Charta given to it by King Lows XVIII, but in all 
other great states he maintained that there were no alter 
tives but absolute monarchical government and moral 
anarchy His denunciations of liberals and reformers 
everywhere and at all times are perfectly childish , and in 
many instances his hatred of change led him into errors 
of judgment not surpassed in the annals of political 
folly When Napoleon fell, there was a prospect of the 
introduction of constitutional government throughout a 
great part of Europe King Frederick Willan, stimulat 
ing the efforts of the Prussian people against France by the 
hopes of liberty had definitely promised them a constitu 
tion and a general assembly The czar had determined to 
introduce parliamentary life into the kingdom of Poland, 
and even hoped to extend it after some interval, to Russia 
The Federal Act drawn up for Germany at the congress of 
Vienna declared that m every state within the German 
league & constitution should be established Against this 
hberal movement of the age Mettermch resolutely set his 
face Though wide general causes were at work, the 
personal influence of the Austrian statesman had no small 
share in prolonging the existence of autocratic government, 
and in developing that antagonism between the peoples 
and their rulers which culminated in the revolutions of 
1848 The nature of the Austrian state, composed of so 
many heterogeneous provinces and nationalities, no doubt 
made it natural for its representative to defend and exalt 
the principle of personal sovereignty, on which alone the 
unity of Austria was based , the relation of Austna to Italy 
rendered the growth of the sentiment of nationality a real 
source of danger to the house of Hapsburg , but Metternich s 
abhorrence of constitutional and popular ideas was more 
than the outcome of a calculating policy He was not a 
man of much faith, but one belief he held with all the force 
of rehgious conviction,—namely the belief that his own 
task and mission in the world was to uphold estabhshed 
authonty All efforts to alter the form or to broaden the 
basis of government he classed under the same head, as 
works of the spirit of revolution , and in one of his most 
earnest writings he places side by side, as instances of evil 
sought for its own sake, the action of the secret societies 
in Germany, the Carbonana of Italy, and the attempts of 
the English to carry the Reform Bill Working on prin 
ciples hke these, and without the shadow of a doubt m 
his own wisdom, Metternich naturally proved a great power 
at a time when the sovereigns who had inclined to constitu 
tional ideas began to feel the difficulties in the way of 
putting them into practice Metternich s advice, tendered 
with every grace of manner and with the most winning 
and persuasive art, was indeed not hard for rulers to accept, 
for he amply recommended them to give up nothing that 
they had got It was at the congress of Aix la Chapelle 
(1818) that the retrograde tendency, which was now suc- 
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agitation among the students at the German universities had 
caused some scandal mn the previous year, and secret societies 
had just been discovered in Russia Metternich phed the 
king of Prussia with arguments for withholding the national 
representation which be had promised to his people, and 
stimulated the misgivings which were arising in the mind 
of the czar, hitherto the champion of European lberahsm. 
A few months later the murder of Alexander’s German 
agent, Kotzebue, by a fanatical student gave Metternich an 
excellent pretext for orgamimng a crusade agamst German 
hberty A conference of ministers was held at Carlsbad. 
The king of Prussia allowed his representative to follow 
Mettermichs lead The resistance of the constitutional 
minor states proved of no avail, and a series of resolutions 
was passed which made an end of the freedom of the press 
throughout Germany, and subjected the teaching and the 
discrphne of the universities to officers of state A commus- 
sion was established at Mainz to investigate the conspiracies 
which Metternich alleged to have been formed for the over 
throw of all existing governments, and for the creation of a 
German republic, one and indivisible In the followimg year 
new articles were added by Mettermchs direction to the 
original Federal Act, the most important being one that 
forbade the creation im any German state of an assembly 
representing the community at large, and enforced the 
system of representation by separate estates or orders, each 
possessed of certain limited definite mghts and all alike 
subordinate to the supremacy of the crown Mettermch 
would gladly have made an end of the parliamentary con 
stitutions which had already come into being in Bavaria and 
the southern states but he was unable to attack them 
openly, and had to confine himself to the advocacy of 
strict monarchical principles through his representatives at 
these courts With regard to Prussia, however, he was 
completely successful The king of Prussia broke his 
promise of establishing a national representation, and 
satisfied his conscience by creating certain powerless pro- 
vincial diets, exactly as Metternich had recommended him. 
Throughout Germany at large a system of repression was 
carried out against the advocates of constitutional might. 
The press was silenced societies were dissolved , proseeu 
tions became more and more common While Metternich 
imagined himself to be stifling the spirit of discontent, he 
was in fact driving 1t ito more secret and more violent 
courses, and convincing eager men that the regeneration 
of Germany must be sought not m the reform but im the 
overthrow of governments 

Meanwhile revolution broke out in Spain and Italy 
Ferdinand of Spam, who had restored despotism, was com- 
pelled, in March 1820, to accept the constitution of 1812 
which he had subverted The same constitution was 
accepted a few months later by Ferdinand of Naples 
Spain was outside Mettermichs range, but his hand fell 
heavily upon Naples A congress of the great powers was 
held at Troppau mn October 1820 Metternich, who was 
president, as he had been at Vienna, and continued to be in 
later congresses, completely won over the czar to his own 
views Resolutions in favour of an mtervention, 1f neces- 
sary by force of arms, against the Neapolitan hberal Govern 
ment were adopted by Austria, Russa, and Prusma, though 
England and France held aloof The congress was then 
adjourned to Laibach m Carmola, whither Ferdinand of 
Naples was summoned, in order that he might mediate 
between the powers and his people, and induce the latter 
to give up a constitution which offended the three northern 
courts Ferdinand s journey and mediation were an 1mpos- 
ture as regarded the Neapolitans, he pretended that he 
went to negotiate on behalf of his people, when m fact his 
intention wes exactly the same as se namely, to 
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have absolute monarchy restored The proceedings of 
the congress at Laibach were a farce A letter was 
concocted by Metternich for ing Ferdinand to send to 
his subjects, informmg them that the powers would not 
permit the constitution to exist, and that, m default of 
their submission, the alled courts would employ force 
The British Government, while protesting against the joint 
action of the three powers as an assumption of international 
sovereignty, was perfectly willing that Austna, as a state 
endangered by the Neapolitan revolution, should act on 
its own account Metternich, however, continued to treat 
the Neapolitan question as the affair of Europe, and 
maintained his concert with Russia and Prussia Early 
in 182] an Austrian force acting in the name of the allies, 
entered central Italy The armies opposed to it col 
lapsed, and the Austrians entered Naples on March 24 
But im the meantime a revolution broke out in Pied 
mont, which thriatened to cut off the Austrians from 
their supports, and to raise all Italy against them Fora 
moment the bold action of Metternich seemed to have 
resulted in 1mmense danger both to his own conservative 
policy and to the peace of Europe for 1t was believed that 
the Piedmontese revolution would be answered, not only 
by a general Italan movement, but by a msing against 
the Bourbons in France The cloud, however, passed away 
Order was quickly restored mm Piedmont , Lombardy was 
safely held by Austrian garrisons, and the conclusion of 
the Itahan difficulties, in which Metternich had played a 
very difficult part with great resolution and dexterity, was 
his complete and brilliant personal trrumph No statesman 
in Europe at this moment held a position that could com 
pare with his own. 

At the congress of Verona, held in 1822, the affairs of 
Spain were considered by the powers In the end, the 
Spanish constitution was overthrown by a French invading 
army, but, though the arm employed was that of France, 
the principle of absolutism wh.ch animated the crusade 
was that which Metternich had made his own A severe 
check, however, now met him in another quarter Greece 
had risen against Turkish rule 1821 The movement 
was essentially a national and a religious one, but Metternich 
treated it as a Jacobinical revolt against lawful authority, 
—confusing, or affecting to confuse, the struggle for national 
independence with the shallow and abortive efforts of politi 
cal liberalism in Italy and Spam Metternichs attitude 
towards the Greeks was for some time one of unqualified 
hostilty If, under the pressure of the Tulsit alliance, he 
had once been willing that Austria should jom Russia in 
dismembering Turkey, he had now reverted to the principle 
of mamtaming Turkey at all costs agamst a Russian 
advance southwards, and he attributed the Greek move 
ment to the efforts of Russian agitators unauthorized by 
the czar His desire was that the sultan should deprive 
Russia of all possible cause for complamt as regarded 1ts 
own separate interests, and so gain freedom to deal sum 
marily with the Greeks Metternich s hopes failed, partly 
through the obstinacy of the Turks, partly through the 
wavering conduct of Alexander, and partly through the 
death of Castlereagh and the accession of Canning to 
power It was in great part owmg to Cannings moral 
support that Greece ultimately became an mdependent 
state, and the extraordinary violence of Mettermchs 
language whenever he mentions this English statesman 
marks only too well the opposite character of his aims 
No politician has left a more damnmg record against 
himself than Metternich m his bigoted abuse of Canning 
The Greek question, however, was only the first on which 
the yadgment of events was now beginning to declare itself 

Mettermch and all his principles The French 
evolution of 1830 shattered the moral fabric which he 
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had so proudly maugurated, ana in ywat part himself 
raised, in 1815 The accord that grew up between 
England and France now made any revival of the 
kind of presidency that he had once held im Europe 
impossible He was indeed bold and rapid in throw- 
ing troops into the papal termtory when revolutionary 
movements broke out there im 1831 and 1832, though war 
with France seemed likely to result from this step He 
was as unsparing as he had been in 1819 in suppressing the 
agitation which after 1830 spread from France to Germany; 
and the union of the three eastern courts was once more 
exhibited in the meeting of the monarch» which took place 
at Munchengratz in 1833, and im a declaration dehvered at 
Panis, insisting on ther mght of intervention against 
revolution 1n other countmes It was, however, the new 
ezar of Russia, Nicholas, who was now the real head of 
European conservatism , ang the stubborn character, the 
narrow, unimaginative mind, of this prince made it 
impossible for Metternich to shape his purposes by that 
delicate touch which had been so effective with his p 
decessor But im Austria itself Mettermch continued 
without a rival In 1835 the emperor Francis, with 
whom he had worked for nearly thirty years, died 
Metternich, himself falling mto the mental habits of old 
age, remained at the head of the state till 1848 The 
revolution of that year ended his pohticai career He 
resigned office with the dignity of demeanour which had 
never failed him , his life was scarcely safe m Vienna, and 
the old man came for a while to England, which he had 
not visited since 1794 Laving on till June 1859, he saw 
every great figure of his earlier life, and many that had ap- 
peared on the horizon since his own prime, pass away, and 
a few more months of life would have enabled him to see 
the end of that political order which it had been his hfe- 
work to uphold , for the army of Napoleon III was crossing 
the Sardinian frontier at the moment when he died, and 
before a second summer had gone Victor Emmanuel had 
been proclaimed king of Italv 

Metternich was a diplomatist rather than a statesman 
His influence was that of an expert manager of mdividuals, 
not of a man of great ideas All his greatest work was 
done before fifty , and at an age when most statesmen are 
in the matunty of their powers he had become tedious 
and pedantic His private character was very lovable 
He was an affectionate if not a faithful husband, a 
delightful fmend, and a most tender father The ex- 
cessive egotism which runs through his writings gives 
perhaps an impression of weakness which did not really 
belong to his nature Drawn by a firmer pen, the scene 
ii which he describes himself labouring in the German 
conferences of 1820, while his favourite daughter was dying 
mm an adjommg room, would have been one of the most 
affecting thmgs in political biography The man who 
could so have worked and felt together must have possessed 
no ordinary strength of character, no common force of self 
control 

The collection of Mettermch s writings published by his family 
under the title of Denkwurdigkerten, dong with French and 
English editions, contains letters and despatches of great value 
The autobiography 18 not always trustworthy, and must be read with 
caution Gentzs correspondence 18 of first rate rmportance for the 
years 1818-30 Original papers are also contained m vanous 
German works upon particular events or movements, a3 m 
Oncken for the negotiations of 18138 Welcker Aegidi, Nauwerck 


for German affars in 1819 and following years , Prokesch von 
Osten for Eastern affairs (CAF) 


METZ, the capital of German Lorraime, and one of the 
strongest fortresses in Europe, 1s situated at the confluence 
of the Moselle and the Seille, 80 miles to the north-west 
of Strasburg, and 190 mules to the east of Pars It wu 
the seat of a military governor, the judicial and admunistra- 
tive authorities of Lorraine, a Roman Catholic buhop, 
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Protestant and Jewish consistories, and a chamber of com 
merce The general appearance of the town 1s quaint and 
uregular, but there are also many handsome modern streets 
The Moselle flows through 1 m several arms, crossed by 
fourteen or fifteen bridges In the south west corner of 
the town 18 the esplanade, an extensive open space com 
manding a fine view of the fertile “Pays Messin’ around 
Metz. The most mteresting of the ten city gates 1s the 
Porte d Allemagne or Deutsches Thor, a castellated structure 
erected in 1445, and still bearmg traces of the siege of 
Charles V Metz contaims seven Roman Catholic churches, 
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two Protestant churches, anda synagogue The cathedral, 
with huge pointed windows, slender columns, and numerous 
flying buttresses, was begun in the 13th century, and 
finshed m 1546, and belongs to the decadence of the 
Gothic style The Gothic churches of St Vincent and St 
Kucharimus, and the handsome garrison church, completed 
in 1881, also deserve mention Among secular buildings 
the most important are the large covered market, the 
town hall, the palace of justice, the theatre, the governor's 
house, and the various buildings for military purposes, 
The public hbrary contams 35,000 volumes, including an 


Metz and Neighbourhood 


1 Palace of Justice 


extensive collection of works relating to the history of 
Lorraine In the same building 1s the museum, which 
contains a picture gallery, a numusmatic cabinet, and a 
collection of specimens of natural history Metz also 
possesses several learned societies and chamtable institu 
tions, a@ gymnasium, three seminaries, and a mulitary 
academy The cemetery of Chambiére contains the graves 
of 8400 French soldiers who died here n 1870 

The commerce and industry of Metz have not yet 
entirely recovered from the blow mflicted by the with 
drawal of French capital m 1871 The principal articles 
of manufacture are leather, coarse cloth and canvas, gun 
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powder, arms, needles, billiard tables, hats, and artificial 
flowers There are several large 1ron works in the neigh 
bourhood The trade of Metz 1s chiefly carried on in 
leather, timber, wine, brandy, liqueurs, beer, preserved 
fruits, and hardwares A large annual fair 1s held here 
The civil population of Metz, which in 1869 amounted 
to 48,066, sank in 1872 to 33,134 Since then it has 
steadily imcreased, and in 1881 was 43,275, about half 
of whom were Germans ‘The garrison of Metz consista 
of 10,000 men, or imeluding the surrounding forts 
nearly 16,000 The total of 58,813 mcludes 17,000 Pro- 
testants and 1600 Jews. 
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History —Metz, the Gallic Divodurum, was the chief town of the 
Mediomatnci, and was also called by the Romans Mediomatrica, a 
name from which the present form has been derived by contraction 
Cesar describes 1t as one of the oldest and most important towns 
m Gaul The Romans recognizing its strategical importance, 
foriafied 1t and supplied it with water by an imposing aqueduct, 
the remains of which still exist © Under the Roman emperors Metz 
was connected by military roads with Toul, Langres Lyons, Stras 
burg, Verdun Jtherms and Tieves Christianity was introduced 
an the 8d century of our era In the middle of the 5th century 
the town was plundered by the Huns under Attila subsequently 
1t came into the possession of the Franks and 1n 512 1t was made 
the capital of Austrasia On the partition of the Carolingian 
realms in 843 Metz fell to the share of the western kingdom as 
the capital of Lorraine Its bishops whose creation reaches back to 
the 4th century, now began to be very ;owerful Metz acquired 
the privileges of a free impenal town in the 12th century and 
attained great commercial prospeiity In 1552 it fell into the 
hands of the French through treachery and was heroically and 
successfully defended against Charles V by the young duke of 
Guise It now sank to the level of a Fiench provincial town and 
its population dwindled from 60 000 to 22 000 (1698) At the 
yreace of Westphaha Metz with Toul and Verdun, was formally 
ceded to France in whose possession 1t remained for upwards of 
two centuries In August 1870 the successes of the German troops 
compelled Marshal Bazaine and the French army of the Rhine 
to seek shelter behind the fortifications of Metz which was forth 
with subjected by the Germans toa ngorous blockade After an 
investment of ten weeks during which not a single shot was fired at 
the town Bazaine capitulated surrendering to the victors an army 
of nearly 180 000 men several hundred cannon and an immense 
quantity of nilitary stores of all kinds 35 the peace of Frankfort 
10 1871 Metz was 1gain united to the German empire Marshal 
Fabert and Generals Custine and Kellermann were natives of Metz 

As a fortress Metz has always been of the highest importance 
and 1t now ranks with Strasburg as one of the two great bulwaiks 
of the west frontier of Germany The onginal town walls weie 
replaced by ramparts in 1550 and the citadel was builtin 1566 = In 
1674 the works were reconstructed by the celebrated multary 
engineer Vauban Under Napoleon II] the fortress was strength 
ened to meet the demands of modern warfare ani since 1871 the 
Gerinans have spared neither time nor money in completing and 
supplementing his plans The present fortifications of Metz con 
sist of two lines—an inner citcle of bastions and ramparts enclosing 
the city itself and an outer circle of large detached forts on the 
surrounding hills The inner line 1s strengthened by two citadels 
one of which 1s advanced as a tete de pont on the left bank of the 
Moselle The outer circle consists of nme or ten large forts, con 
nected with each other by smaller fortifications and commanding 
all the approaches to the city They form a large fortified camp 
with a circumference of 15 miles within which are twelve villages 
and numerous country houses and farms The most distant of 
the outlyimg forts 1s about 34 mules fiom the cathedral Their 
names and positions may be secn on the annexed plan Previous 
to 1870 the fortress of Metz had ncver succumbed to an enemy 

Sources of Information —Westphal Geschtchte der Studt Metz 1875 78 Georg 
Tang Metz und seine Umgebungen 1883 and Statrstisch topographssches Hand- 
buch fur Lothringen The official German account of the blockade of Metz in 1870 
will be found im the Iftstry of the Franco German war issued bv tie general 


ataff at Berlin 1872 eg A succinct account is mven by Georg Lang Dee Krtegs 
eperationen um Metz im Jahr 1870 2ded Metz 1880 


MEULEN, Antony Francis van DER (1634-1690), 
was called to Pans about 1666 by Colbert, at the mstance 
of Le Brun, to fill the post of battle pamter to Louis XIV 
Born in 1634 at Brussels, he had at an early age eclipsed 
his master Peter Snayers, and the works executed by him 
for the king of France during the campaigns of Flanders 
(1667) so dehghted Louis that from that date Van der 
Meulen was ordered to accompany him in all his expedi 
tions In 1673 he was received into the French Academy, 
and attained the grade of councillor in 1681 Lodged mm 
the Gobelins, mchly pensioned, and loaded with honours, 
he died at Paris in 1690 Detached works from his hand 
are to be seen in vanous collections, but he 1s best repre 
sented by the series of twenty three paimtings, mostly 
executed for Lows XIV, now im the Louvre They show 
that he always retamed his Flemish predilections in 

t of colour, although in other respects his style was 
modified by that of the French school 

See Mém wnédet Acad de Peanture, 1854, Descamps, Ves des 
Paniree Flamands 

MEURTHE-ET MOSELLE, a department in the north 
east of France, formed n '871 out of those parts of the 
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old departments of Meurthe and Moselle which continued 
French, and deriving 1ta name from the two principal nvers 
which water 1t Pnor to 1790 it belonged to ancrent 
Lorraine, or to one or other of the bishoprics of Toul, Mets, 
and Verdun It hes between 5°25 and 7° 5 E | 
and 48° 25 and 49° 5 N lat, and is bounded on the 
by Alsace-Lorraine, on the N by Belgium and the grand- 
duchy of Luxemburg, on the W by the department of 
Meuse, and on the 8 by that of Vosges The superfinal 
area 1s 2020 square miles Geologically Meurthe-et- 
Moselle has five well marked regions followmg each other in 
regular succession from east to north west On the frontier 
of Alsace are the Vosges mountains, of Trias sandstone 
(gres Vosgtens), with a maximum elevation of 3000 feet 
A narrow band of variegated sandstone divides the Vosges 
from the second region, formed of shelly hmestone, which 
extends as far as the Meurthe on the north and the Moselle 
on the west The third region 1s formed by the vaniegated 
marls which cover the nch saline strata of the neighbour 
hood of Nancy The Jura hmestones of the Lias and 
Oolite, to the north west and west of the department, form 
the last two regions Here there is a maximum elevation 
of 1400 feet, and the plateau of Briey stretches out towards 
that of the Ardennes Between the Vosges and the 
Ardennes the valley of the Moselle runs from south to 
north, formmg the main artery of the department, the 
lowest level (570 feet) occurs where the river leaves it 
Only a small part of the draimage of Meurthe et Moselle 
flows into the Meuse The Moselle runs north west from 
its entrance into the department as far as Toul, north east 
from Toul to Frouard, where 1t receives its principal 
affluent, the Meurthe, and becomes navigable, north from 
Frouard to Pagny sur Moselle, passing to Pont & Mousson 
The principal affluents of the Moselle are the Viadon and 
the Orne on the left, and on the mght, besides the Meurthe, 
the Seille, which in one part of its course forms the 
boundary of Alsace Lorraine The Meurthe, which flows 
to the north west from Raon 1 Etape to Frouard, passes on 
to Baccarat, Lunéville, St Nicholas, and Nancy, and 1s 
swelled on the mght by the Vezouse and the Sanon, and 
on the left by the Mortagne The principal tributary of 
the Meuse within the department 1s the Chiers, which takes 
its course by Longwy and Longuyon Climatologically 
Meurthe et Moselle belongs to the Vosgian region Its 
mean annual temperature 1s 52° Fahr, bemg 2° Fahr 
lower than that of Pans (which has the same latitude) 
The thermometer in severe winters falls to 13° Fahr, 
while in summer it reaches 100° Fahr This 1s to be 
accounted for by the general elevation of the department, 
the proximity of the mountains, the arrangement of the 
valleys (which he open towards the north), and the dis- 
tance from the sea 

More than half of the department consists of cultuable land, one 
fourth of forests, and one tenth of meadow land In 1878 there 
were 54,346 horses, more than 100,000 sheep, 85,000 pigs, 74,000 
cattle, 15 000 goats 21,000 dogs and 17,000 hives of bees The 
crops for the same year amounted to 454,192 quarters of wheat, 
37 500 quarters of barley, 35 078 quarters of rye 570,884 quarters 
of oata, 9 079,125 bushels of potatoes, and 76,868 tons of heet root 
Hops, tobacco, colza, hemp and flax also occupy a considerable 
area The annual yield of the vineyards (56 square miles in extent) 
exceeds £900 000, the wines of Toul are the best The most 
common fruit trees are the pear the apple, the walnut the cherry, 
and the plum Of forest trees the oak and the wych elm are most 
frequent in the west of the department the beech and the fir in 
the Vosges The French school of forestry has its seat at Nancy 
The metallurgic industry 1s highly developed, and has made very 
rapid progress within the last few years ven in 1872 there 
was a consumption of 350 000 tons of coal four fifths of which 
came from Saarbruck and the remaining fifth from Belgium. In 
1877 the iron ore obtained amounted to 1,000,000 tons, of which 
two thirds came from the Beds near Nancy, the remainder from 


the neighbourheod of Lon In 1880 the department a 
a third of the pig iron made in France (more than 500,000 tons), 
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Ty 1877 the yield wed 48,000 tons. Bemdes blast furnaces, fo 
vad rolhn ere are manufactories of files and boring i 
taral implements, and furniture In the production of salt 
department holds the first rank m France, the salt bearing 
tracts cover more than 150 square miles, the beds having a mean 
thicknessof 65 feet The principal salt working centres (St Nicolas, 
Varangeville, and Rosiéres aux Salines) he between Nancy end 
Lunéville , the annual value of rock-salt and refined salt produced 
exceeds £500,000, subsidiary to this production 18 an important 
manufacture of soda salts The other chemical products are 
te of potash, bone black, wax candles, soap, and matches 
tone quarrying and the manufacture of plaster and lime are also 
important branches of mdus The flint glass manufactory of 
Baccarat, which employs nearly 1500 workmen, 1s well known, 
that of plate glass at Cirey (with 1000 workmen) produces plates 
of great size The farence manufactonies of Luneville, Toul, and 
Longwy are important Mention may also be made of the 
manufacture of window glass, watch glasses, and drinking glasses 
The tobacco manufacture at Nancy employs 1000 workmen, tan 
ning, glove making, hat makinggin felt and straw, wool spinning, 
and the manufacture of army clothing are also carned on Nancy 
is renowned for its embroidery, which is, however, diminishing 
in importance _It also ee factories for cotton spinnin 
end cotton stuffs, and for hosiery The starch manufactories an 
the breweries, especially that of Tantonville, the largest m France, 
aie highly productive Nancy also carnes on distilleries, grain 
mills, paper mills, manufactories of pasteboard objects, and a large 
printing establishment The commerce of the depa ‘ment 1s effec 
tavely served by 300 miles of railway (the principal line being that 
from Paris to Strasburg through Nancy), by a number of good roaas, 
and by several navigable mveis and canals The main waterway 
ts formed by the canal between the Marne and the Rhine which 
runs by Toul and Nancy, and traverses the department from west 
toeast This canal communicates with the Moselle which isnavi 
able from Frouard downwards and with the new eastern can 
which reascends the Moselle as far as Kpinal, and which 1s intended 
to unite the Meuse and the Moselle with the Saéne and the Rhone 
The population of Meurthe et Moselle nm 1881 was 419,317 in 
habitants It constitutes the diocese of Nancy has its court of 
appeal at Nancy, and forms a part of the district of the 6th army 
corps (Chalons sur Marne) There are 4 arrondissements (Nancy, 
Brey, Lunéville, and Toul), 29 cantons, and 597 communes The 
eapital is Nancy, and the other principal towns are Pont a Mousson, 
formerly the seat of a university Longwy (5064) a fortafied place , 
and Baccaiat (6013), celebrated for its glass works 


MEUSE, Mazsg, or Maas, a river of France, Belgium, 
and Holland, discharging into the North Sea or German 
Ocean, has a course (variously measured) of some 500 or 
550 miles, about 300 miles lying within France Rausing in 
the department of Haute Marne (1342 feet), at a point 
where the plateau of Langres borders on the Monts Faucilles, 
it follows a winding course, first from south to north, then 
to north west, and afterwards to north, across the depart 
ments of Vosges, Meuse, and Ardennes, passing by 
Neufchateau, Vaucouleurs, Commercy, St Mihiel, Verdun, 
Sedan, Mézéres, and Givet Naturally navigable below 
Verdun, it has been made so from Troussey, where 1t meets 
the canal which unites the Marne to the Rhine, and from 
this pot to Lidge it admits vessels of from 6 to 7 feet 
draught After traversing a wide valley covered by green 
meadows, the Meuse, below Méziéres, flows through narrow 
gorges confined between rocky walls 200 or 300 feet hgh, 
formed by the plateau of the Ardennes The hills of the 
Argonne, by which 1t 13 hemmed m on its upper course, 
prevent ita receiving any important affluent before the 
Chiers and the Semoy, which both fall into 1t on the mght 
m the Ardennes At the pot where 1t leaves France its 
ordinary volume 13 about 1000 cubic feet In Belgium it 
runs picturesquely between the districts of Famenne and 
Condroz on the nght, and those of Les Fagnes and Hesbaye 
on the left Above Dinant it receives the Lesse, whose 
valley 1s celebrated for its wonderful grottoes, and at the 
foot of the citadel of Namur 16 1s jomed on the left by its 
pmincipal affluent, the Sambre, whose north easterly direction 
it takes, It then takes its course through the busy valley 


in whach Huy, Seraing, and Ladge are situated, receiving 


the Ourthe on its nght a northerly direction, 
then taking one to the north-west, and finally one to the 
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west, the Meuse passes in front of the Dutch citadel of 
Maestncht to Roermonde, so called from its confluence 
there with the Roer, and to Venlo, where the canal between 
the Meuse and the Scheldt begins Flowing thence through 
an absolutely unbroken plaim, 1t finally joms the Rhine, to 
which 1¢ gives its own name, although the volume of ita 
waters 1s twenty times less than that of the German nver. 
It 18 at Gorcum that the Waal, the first separate arm of 
the Rhine, brings to the Meuse two-thirds of the waters 
of that river The Meuse soon after divides into two 
branches While the Merwede flows due west, the southern 
arm falls into the Biesbosch, an estuary of the sea, formed 
four hundred and fifty years ago by an irruption of the sea 
over a country then cultivated and thickly peopled, and now 
the subject of attempts at reclamation On reaching 
Dordrecht, where the mver navigation and sea navigation 
meet, and where the rafts which come down from the 
Black Forest are broken up, the Meuse again divides mto 
two arms The Old Meuse flows due west, while the 
northern arm joins the Lek, a second branch of the Rhine, 
and continues its course to Rotterdam This 1s the most 
important branch of the estuary of the Meuse, and efforts 
are bemg made to regulate and deepen its channel by con- 
structing one of those grand canals in which the Dutch 
are so skilful Schiedam and Vlardingen, both on the 
nght, are the last places of umportance on the banks of 
the river 

MEUSE, a department in the northeast of France, 
formed out of a part of Lorraime and portions of the Three 
Bishoprics, the Clermontais, and Champagne, derives its 
name from the nver by which it 18 traversed from south 
to north It hes between 4° 52 and 5°50 E long, and 
between 48° 25 and 49° 38 N lat, and 1s bounded on 
the N by Belgium and the department of Ardennes, on 
the E by that of Meurthe-et-Moselle, on the S by 
those of Vosges and Haute Marne, and on the W by 
those of Marne and Ardennes Of 1ts superficial area (2405 
square mules), about one-half belongs to the basin of the 
Meuse, which 1s enclosed to the east and weat by the 
eastern and western Argonnes On the north-east it 1s 
watered by the Orne, a tributary of the Moselle, and the 
Chiers, which runs by Montmédy, and joms the Meuse 
little beyond the northern hmit of the department The 
other half sends its waters to the Seine through the Aire, a 
tributary of the Aisne, both of which take their nse here, 
and by the Ornain, an affluent of the Saux, these two last 
beg tmbutary to the Marne The Meuse receives no 
important river in its course through this department The 
highest elevation (1388 feet) occurs to the south-west, on 
the line of the mdge which separates the basm of the 
Meuse from that of the Seme The heights gradually ank 
from south to north, but seldom fall below 1000 feet The 
hills of the western Argonne similarly smk rapidly down to 
the valley of the Saux, where the lowest level of the 
department (377 feet) 1s reached The climate of Meuse 
18 transitional between the region of the Seme and that of 
the Vosges , 1ts winters are less severe than those of the 
latter, but 1t 18 not so temperate as the former The mean 
annual temperature is §2° Fabr Asat Pars, the maximum 
7 8 9° Fahr, the greatest heat rarely exceeds 95° 


More than half the surface of the department consists of cultur- 
able lands, one fourth of forest, one tenth of meadow land 
proportion of horses 18 na than in any other French depart 
ment, except La Manche ‘There are 53,800 horses, 90,000 cattle, 
145,000 sheep, 125,000 pigs, and nearly 80 000 beehives Cereals, 
potatoes, an beet root are the chiet crops (1n 1877 465,966 quarters 
of wheat, 104,660 quarters of barley, 585355 quarters of oata, 
7,677,874 bushels of potatoes, besides pulse, hemp, andeolza) The 
vineyards aia sy more than 6,600,000 gallons of wine of 
quality 6 forests, which are princi of oak, are in 
game, as are the rivers in fish The mineral wealth of the depart- 
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ment includes iron ore, good freestone, and fossil phosphates of lime 
There are blast furnaces, ton opps and bell foundries, wire- 
works, and manufactories of filta hardwate, and edge tools The 
cotton-s ng factories employ 15 000 spindles and 32,000 frames 
the woollen manufacture employs 5000 spindles, and some hundieds 
of persons are employed in the spinning and weaving of hemp, flax, 
snd ute The glass works (puticularly the manufactory of painted 
window glass trinsferred after the war of 1870 from Metz to Bar 
le Duc), paper mills, saw mills and flour mulls, as well as the 
manufactures of lime, tiles and fre biichs, are worthy of mention 
Hosiery and embroidery also give occupation to a great number of 
workshops and the depaitment 18 celebrated for its confectionery 
Meuse contains more than 300 miles of railuay,—the principal lines 
being that from Pais to Strasburg through Bar le Duc and Com 
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mercy, that from Pans to Metz through Verdun, and the branch 
line to the Meuse ‘Lhe chief waterways are the canal connecting 
the Marne with the Rhine, and the canal of the Meuse, the two 
together have a length of 146 miles ‘Lhe population of the depart- 
ment in 1881 was 289,861,—a small number in proportion to 
its extent, and with a tendency to decrease Ecclesastically it 
forms the diocese of Verdun , 1t has its court of appeal at Nancy, 
and constitutes part of the district of the army corps of Chalous- 
sur Marne There are 4 alrondusements,—Bar le Duc, Commercy, 
Montmedy, and Verdun,—28 cantons and 686 communes _Bar- 
le Duc (population in 1881, 17 485) 1s the capital, Com mercy 
has 6260 inhabitants and Montmédy 3000, St Manuel (5915), on 
the Meuse, has good churches and some remarkable rocks, and 18 
the seat of the departmental assize court 


MEXICO 


I ANCIENT MEXICO 

HE name Mexico 1s connected with the name of the 
up of American tribes calling themselves Memica 
(sing Mezxvail), or Azteca The word 1s related to or 
derived from the name of the Viexican national war god 
Mexitl, better known as Huitzilopochth 
the 12th century appear to have migrated from place to 
place over the mountain walled plateau of Anahuac, the 
country “ by the water, socalled from its salt lagoons, and 
which 1s now known as the valley of Mexico About 1325 
they founded on the lake of Tezcuco the permanent settle 
ment of Mexico Tenochtitlan, which 1s still represented by 
the capital city Mexico The name Mexico was given by 
the Spanish conquerors to the group of countries over 
which the Aztec power more or less prevailed at the time 
of the European invasion Clavigero (Storia Anteca del 
Messwo, vol 1) gives a map of the so-called “ Mexican 
empire,” which may be roughly described as reaching from 
the present Zecatecas to beyond Guatemala, 1t 1s notice 
able that both these names are of Mexican origin, derived 
respectively from words for “ straw’ and “wood” Eventu 
ally Mexico and New Mexico came to designate the still 
vaster region of Spanish North America, which (till cut 
down by changes which have limited the modern republic 
of Mexico) reached as far as the Isthmus of Panama on 
the south and took in California and Texas on the north 
Mexico in this wide sense 1s of high interest to the 
anthropologist, from the several native American civiliza 
tions which appear within its limits, and which con 
veniently if loosely group themselves round two centres, 

the Mexican proper and the Central American 
When early in the 16th century the Spamards found 
their way from the West India Islands to this part of the 
mainland of America, they came in view of nations cultured 
high above the level they had hitherto met with in the New 
World Here were not rude and simple tribes hke the 
islanders of the Antilles, but nations with organized armies, 
official administrators, courts of justice, hgh agriculture 
and mechanical arts, and, what struck the white men 
especially, stone buildings whose architecture and sculpture 
were often of dimensions and elaborateness to astonish the 
builders and sculptors of Europe How a population of 
millions could inhabit a world whose very existence had 
been till then unknown to geographers and historians, and 
how its nations could have reached so hgh a grade of 
barbaric industry and grandeur, was a problem which 
naturally excited the liveliest curiosity of scholars, and gave 
rise to a whole literature Hernandez and Acosta shared 
the opimion of their time that the great fossil bones found 
in Mexico were remains of giants, and it was argued that, 
as before the deluge there were giants on the earth, there 
fore Mexico was peopled from the Old World mm ante- 
diluvian times On the other hand the multitude of 
native American languages suggested that the migration 
to America took nlage after the buildmg of the tower of 
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Babel, and Siguenza arrived gt the curiously definite result 
that the Mexicans were descended from Naphtuhim, son of 
Mizraim and grandson of Noah, who left Egypt for Mexico 
shortly atter the confusion of tongues Although suc 
speculations have fallen out of date, 1t 1s to be remembe 
in their favour that they were stepping stones to more valid 
argument, especially they induced the collection of native 
traditions and imvaluable records of races, languages, and 
customs, which otherwise would have been lost for ever 
Even in the present century Lord Kingsborough was led 
to spend a fortune in printing a magnificent compilation of 
Mexican picture writings and documents in his Antsgutttes 
of Mexwo by his zeal to prove the theory advocated by 
Garcia a century earlier, that the Mexicans were the lost 
tribes of Israel 

Real imformation as to the nations of Mexico before 
Spanish times is very imperfect, but not altogether want- 
ing It1s derived partly from inspection of the natives 
themselves, their languages and customs, which may be 
now briefly considered, before going on to the recollections 
handed down in the native picture writings and oral tradi 
tions The remarks made by the accurate and experienced 
observer Alexander von Humboldt, who had seen more 
American tribes than almost any traveller, are still entatled 
to the greatest weight He considered the native 
Americans of both contents to be substantially similar 
m racecharacters Such a generalization will become 
sounder if, as 1s now generally done by anthropolo- 
gists, the Eskimo with their pyramidal skulls, dull 
complexion, and flat noses are removed into a division 
by themselves Apart from these polar nomads, the 
American indigenes group roughly into a single race 
or division of mankind, of course with local variations 
If our attention 1s turned to the natives of Mexico especi 
ally, the umty of type will be found particularly close 
The native population of the plateau of Mexico, mainly 
Aztecs, may still be seen by thousands without any trace of 
mixture of European blood , and the following description 
may give a fair idea of their appearance! Their stature 1s 
somewhat low, estimated about 5 feet 3 mches, but they 
are of muscular and sturdy build Measurements of their 
skulls show them mesocephalic (index about 78), or inter 
mediate between the dolichocephalic and brachycephalic 
(narrow and wide skulled) types of mankmd The face 1s 
oval, with low forehead, high cheek bones, long eyes 
sloping outward towards the temples, fleshy lips, nose wide 
and in some cases flattish but m others aquiline, coarsely 
moulded features, with a somewhat stolid and gloomy 
expression Thickness of skin, masking the muscles, has 
been thought the cause of a peculiar heaviness in the out- 
lines of body and face , the complexion vanes from yellow- 
brown to chocolate (about 40 to 43 in the anthropological 





1 Referenees may be foand in Bincroft, Natwe Races of the Pacyie 
Stotes, vol. 1. pp 24, 578, 618, 646 
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ret eyes black, straight coarse glossy black hair, 
and moustache scanty Among vanations from 
this type may be mentioned higher stature 1n some districts, 
and hghter complexion m Tehuantepec and elsewhere If 
now the native Amencans be compared with the races of 
the regions across the oceans to their east and west, 1t will 
be seen that their unlikeness 1s extreme to the races east 
ward of them, whether white Europeans or black Afmcans 
On the other hand they are considerably like the Mongoloid 
peoples of North and East Asia (less so to the Polynesians), 
so that the tendency among anthropologists 1s now generally 
to admit a common orgin, however remote, between the 
tribes of Tartary and of America This orginal connexion, 
if it may be accepted, would seem to belong to a long past 
period, to judge from the failure of all attempts to discover 
an affinity between the languages of America and Asia 
At whatever date the Americans began to people America, 
they must have had time to import or develop the numerous 
amulies of languages actually found there, in none of which 
as community of origin been satisfactorily proved with 
any other language group, at home or abroad In Mexico 
itself the languages of the Nahua nations, of which the 
Aztec 1s the best known dialect, show no connexion of 
origin with the language of the Otomi tribes, nor either of 
these with the languages of the regions of the ruined cities 
of Central America, the Quiché of Guatemala and the Maya 
of Yucatan Indeed, within the Mexican limits, there are 
various other languages which, so far as philological 
research can at present decide, are mdependent of one 
another The remarkable phenomenon of nations so 
similar in bodily make but so distinct im language can 
hardly be met except by supposing a long pernod to have 
elapsed since the country was first mhabited by the 
ancestors of peoples whose language has since passed into 
so different forms The original peopling of America may 
well date from the time when there was contmuous land 
between it and Asia 

It would not follow, however, that between these remote 
ages and the time of the discovery of the New World by 
Columbus no fresh immigrants can have reached America 
We may put out of the question the Scandmavian sea 
rovers who sailed to Greenland about the 10th century, and 
appear afterwards to have coasted New England (see 
America, vol 1 p 706), but do not seem to have found their 
way far enough southward for their visit to have any effect 
on Memco Butat all times communication has been open 
fiom East Asia and even the South Sea islands to the west 
coast of America The importance of this 1s evident when 
we consider that Japanese junks now drift over by the 
ocean current to California at the rate of about one a year, 
often with some of the crew still alive (see C W Brooks in 
Bancroft, vol v p 51, Overland Monthly, San Francisco, 
1872, p 353) Further north, the Aleutian islands offer 
a line of easy sea passage, while mn north east Asia, near 
Behrings Strait, live Chukchi tmbes who carry on inter 
course with the American side the presence of Cskimo in 
this partof Asia (see Nordenskiold, Voy of Vega,vol 1 pp 13, 
81) 18 so plainly due to local migration that it 1s neglected 
in comparing the languages of the two continents Asiatics 
such as Japanese or Kurile Islanders, if they found their 
way in small numbers to America and merged into native 
tribes, might hardly leave descendants distinguishable 
from the rest of the population even i the first genera 
tion, nor mtroduce their own language Such assertions as 
that the Guatusos of Costa Rica are a tribe with fair skin 
and flaxen hair, and that Japanese words may be detected 
among the Indians of British Columbia, are examples of 
evidence which may be worth further sifting, but m an 
sccount hike the present no proofs can be admitted unless far 
better authenticated than these What gives a more solid 
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interest to the question of Asiatic influence in America, 1s 
that, though neither the evidence of features nor of language 
has substantiated 1t, there are details of Mexican civilization 
which are most easily accounted for on the supposition that 
they were borrowed from Asia They do not seem ancient 
enough to have to do with a remote Asiatic omgm of the 
nations of America, but rather to be results of comparatively 
modern intercourse between Asia and America, probably 
since the Chnistian era Humboldt (Vues des Cordslleres, 
pl xxi) compared the Mexican calendar with that im use 
in eastern Asia The Mongols, Tibetans, Chinese, and 
other neighbouring nations have a cycle or series of twelve 
animals, viz, rat, bull, tiger, hare, dragon, serpent, horse, 
goat, ape, cock, dog, pig, which may possibly be an imita 

tion of the ordinary Babylonian Greek zodiac familar to 
ourselves The Mongolian peoples not only count their 
lunar months by these signs, but they reckon the successive 
days by them, rat-day, bull day, tiger day, dc, and also, 
by combining the twelve signs im rotation with the ele- 
ments, they obtain a means of marking each year in the 
sixty year cycle, as the wood rat year, the fire tiger year, &. 
This method 1s highly artificial, consisting, not in mere 
numbering, but in combining series of different terms so 
that the same combination does not recur till the end of 
the period Thus the reappearance of its principle m the 
Mexican and Central American calendar (see p 212) 18 sug 

gestive of importation from Asia Humboldt also discussed 
the Mexican doctrine, represented in the native pictures, of 
four ages of the world belongmg to water, earth, air, and 
fire, and ending respectively by deluge, earthquake, tempest, 
and conflagration The resemblance of this to some 
versions of the Hindu doctrine of the four ages or yuga 18 
of so remarkable a closeness as hardly to be accounted for 
except on the hypothesis that the Mexican theology con 

tains ideas learnt from Asiatics Among Asiatic points of 
resemblance to which attention has since been called 1s 
the Mexican behef mm the nine stages of heaven and hell, 
an idea which nothing in nature would suggest directly to 
a barbaric people, but which corresponds to the idea 
of successive heavens and hells among Brahmans and 
Buddhists, who apparently learnt 1t (in common with our 
own ancestors) from the Babylonian Greek astronomical 
theory of successive stages or concentric planetary spheres 
belongmg to the planets, dc The Spamsh chronicles 
also give accounts of a Mexican game called pefolls, played 
at the time of the conquest with coloured stones moved 
on the squares of a cross shaped figure, according to the 
throws of beans marked on one aide, the descriptions ot 
this rather complicated game correspond closely with the 
Hindu backgammon called pachtss (see Tylor m Jour 

Anthrop Inst, vol vi p 116)? 

The native history of Mexico and Central America 1 
entitled to more respect than the mere recollections of 
savage tribes, masmuch as here memory was aided by 
something hke wnitten record The Mexican pictures so 
far approached writing proper as to set down legibly the 
names of persons and places and the dates of events, while 
the rude drawings which accompanied these at least 
helped the professional historians to remember the tradi 
tions repeated orally from generation to generation Thus 
actual documents of native Aztec history, or copies of 


1 The appendix to Prescotts Conquest of Mexvo contains an 
interesting summary of analogies between the civilization of Mexico 
and that of the Old World but some of the arguments are very incon- 
clusive One which has been often cited turns on the hkeness alleged 
by Naxera between the Chinese language and that of the Otom: nation 
of Mexico (whose name survives in that of their town Otompan, now 
Otumba) The examination of an Otom: grammar (such as 
de la Grammaire Othoms Paris 1863) will however, convince the 
philological reader that the resemblance 1s hardly of an amount te 
found a theory of a Chinese connexion upon. 
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them, are still open to the study of scholars, while after 
the conquest mterpretations of these were drawn up in 
writing by Spanish-educated Mexicans, and histories 
founded on them with the aid of traditional memory were 
wnitten by Ixtlilxochit] and Tezozomoc, the most umportant 
of these picture writings, interpretations, and histories may 
be found in Kingsborough’s Antyustres of Mexrco In 
Central Amerva the rows of complex hieroglyphs to be 
seen sculptured on the rumed temples probably served 
a simular purpose up to the time of the Spanish invasion 
The documents purporting to be histones, wntten down 
by natives in later tines, thus more or less represent real 
records of the past, but the task of separating the preponder 
ant mythical part from what 1s real history is of the utmost 
difficulty Among the most curious documents of early 
America is the Popol Vuh or national book of the Quiché 
kingdom of Guatemala, a compilation of traditions written 
down by native scribes, found and translated by Father 
Ximenez about 1700, and published by Scherzer (Vienna, 
1857) and Brasseur de Bourbourg (Paris, 1861) This 
book, composed mm a picturesque barbane style, begins 
with the time when there was only the heaven with its 
boundaries towards the four winds, but as yet there was 
no body nothing that clung to anything else, nothing that 
balanced itself or rubbed together or made a sound , there 
was nought below but the calm sea alone in the silent 
darkness Alone were the Creator, the Cormer, the Ruler, 


the Feathered Serpent, they who give being and whose name . 


1s Gucumatz Then follows the creation, when the creators 
said “Earth,” and the earth was formed like a cloud or a fog, 
and the mountaimys appeared like lobsters from the water, 
cypress and pine covered the hills and valleys, and their 
forests were peopled with beasts and birds, but these could 
not speak the name of their creators, but could only chatter 
and croak So man was made first of clay, but he was 
strengthless and senseless and melted in the water, then 
they made a race of wooden mannikins, but these were 
useless creatures without heart or mind, and they were 
destroyed by a great flood, and pitch poured down on them 
from heaven, those who were left of them being turned 
into the apes still to be seen in the woods After this 
comes the creation of the four men and their wives who 
are the ancestors of the Quichés, and the tradition records 
the migrations of the nation to Tulan, otherwise called the 
Seven Caves, and thence across the sea, whose waters were 
divided for their passage It 1» worth while to mention 
these few early incidents of the national legend of 
Guatemala, because thur Biblical incidents show how 
native tradition incorporated matter learnt from the white 
men Moreover, this Central American document, mythical 
as it 1s, has an historical importance from its bringing in 
names belonging also to the traditions of Mexico proper 

Thus Gucumatz, “ Feathered Serpent, corresponds in name 
to the Mexican deity Quetzalcoat! Tulan and the Seven 
Caves are familiar words in the Aztec migration traditions 

and there 1s even mention of a chicf of Toltecat, a name 
plamly referring to the famed Toltecs, of whom further 
account will be given in their place in Mexican history 

Thus the legends of the Popol Vuh confirm what 1s lcarnt 
from comparing the culture of Central America and Mexico 
proper, that, though the nations of these districts were not 
connected by language, the mtercoursc and mixture 
between them had been sufficient to implant im them much 
common civiluation, and to justify the anthropologist im 
including both districts in one region Historical y alt of 
the ordmary kind may be found in the litter part of the 
Popol-Vuh, which gives names of chiefs down to the time 


when they began to bear Spanish names, and the great city 


of Quiché became the deserted ruin of Santa Cruz The 
Maya district of Yucatan has also some vestiges of native 
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traditions mn the manuscript translated by D. Pio Peres 
(an Stephens, Incidents of Travel in Yucatan) and in the 
remarkable 16th century Relacwon de las Cosas de Yucatan 
by Diego de Landa, published by Brasseur de Bourbourg 
(Paris, 1864) As mm the Guatemala traditions, we hear 
of ancient migration from the Mexican legendary region 
of Tula, and here the leaders are four famous chiefs or 
ancestors who bear the Aztec name of the Tutul Xiu, which 
interpreted means “Bird Tree” Unfortunately for the 
hustonical standing ot these four ancestors, there are m the 
Aztec picture writings representations of four trees each 
with a bird perched on it, and placed facmg the four 
quarters, which make 1t probable that the four Tutul Xiu of 
tradition, in spite of the circumstantial detail of ther wars 
and migrations, may be only mythic personifications of the 
four cardinal points (see Schultz Sellack im Zewsch f Hthn, 
1879, p 209) Nevertheless, part of the later Maya records 
may be genuine,—for instance, when they relate the war 
about three centuries before the Spanish conquest, when the 
king of Chichen Itza destroyed the great city of Mayapan 
Though the names and dates of Central American native 
kings have too little interest to general readers for traditions 
of them to be dwelt on here, they bring nto view one 1m 
portant historical point, that the wondrous ruined cities of 
this region are not to be thought monuments of a perished 
race in a forgotten past, but that at least some of them 
belong to history, having been inhabited up to the conquest, 
apparently by the very nations who built them 

Turning now to the native chronicles of the Mexican 
nations, these are found to be substantial dated records 
going bach to the 12th or 13th century, with some vague 
but not worthless recollections of national events from times 
some ccnturies earlier These last mentioned traditions, 
in some measure borne out by linguistic evidence of names 
of places, tribes, and persons, point to the immigration of 
detachments or branches of a widespread race speaking a 
common language, which 1s represented to us by the 
Aztec, still a spoken language in Mexico This language 
was called nahuatl, and one who spoke it as his native 
tongue was called nahuatlacatl, so that modern anthro- 
pologists are following native precedent when they use the 
term Nahua for the whole series of peoples now under 
consideration! Earliest of the Nahua nations, the Toltecs 
are traditionally related to have left their northern home 
of Huehuetlapallan in the 6th century, and, though this 
remote date cannot be treated as belonging to genuine 
history, there 1s other evidence of the rcal existence of the 
nation Their name Toltecatl signifies an mhabitant of 
Tollan, “land of reeds,” a place which, as has been already 
pointed out, appears elsewhere in the national traditions of 
this region, and has a definite geographical site in the 
present Tulan or Tula, north of the valley of Anahuac, 
where a Toltec kingdom of some extent seems to have had 
its centre To this nation 13 ascribed not only the oldest 
but the highest culture of the Nahua nations, to them 
was due the introduction of maize and cotton mto Mexico, 
the skilful workmanship in gold and silver, the art of build 
ing on a scale of vastness still witnessed to by the mound of 
Cholula, said to be Toltec work , the Mexican hieroglyphic 
writing and calendar are also declared to have been of 
Toltec origin With the Toltecs 13 associated the mysterious 
tradition of Quetzalcoatl, a name which presents itself in 
Mexican religion as that of a great duty, god of the aur, 
and 1n legend as that of a samtly ruler and civilizer His 
brown and beardless worshippers describe him as of another 
racé, a white man with noble features, long black hair and 
full beard, dressed in flowing robes He came from Tullan 

1Jt should be noticed that this word 1s not etymologically oon 
nected with the somewhat similar word Anahuac, of which the mean 
Ing 18 given at page 206 
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or from Yucatan (for the stories differ widely), and dwelt 
twenty years among them, teaching men to follow his 
austere and virtuous life, to hate all violence and war, to 
sacrifice no men or beasts on the altars, but to give mild 
offerings of bread and flowers and perfumes, and to do 
penance by the votaries drawing blood with thorns from 
their own bodies Legend tells stones of his teachmg men 
picture writing and the calendar, and also the artistic work 
of the silversmith, for which Cholula was long famed , but 
at last he departed, some say towards the unknown land of 
Tlapallan, but others to Coatzacualco on the Atlantic coast 
on the confines of Central America, where native tradition 
still keeps up the divine names of Gucumatz among the 
Quichés (see p 208) and Cukulcan among the Mayas, these 
names having the same meaning as Quetzalcoatl in Aztec, 
viz, “Feathered Serpent Native tradition held that 
when Quetzalcoatl reached the Atlantic he sent back his 
companions to tell the Cholulans that in a future age his 
brethren, white men and bearded lke himself, should land 
there from the sea where the sun rises, and come to rule 
the country That there 1s a basis of reality in the Toltec 
traditions 1s shown by the word foltecatl having become 
among the later Aztecs a substantive signifying an artist 
or skilled craftsman It 1s further related by the Mexican 
historians that the Toltec nation all but perished in the 
11th century by years of drought, famine, and pestilence, 
a few only of the survivors remaining in the land, while the 
rest migrated into Yucatan and Guatemala, where, as has 
been already pomted out, ther name 1s commemorated in 
local records 
whose name, demved from chihr, “dog, 1s applied to 
many rude tribes, the Chichimecs here in question are 
said to have come from Amaquemecan under a king named 
Xolotl, names which bemg Aztec imply that the nation 
was Nahua, at any rate they appear afterwards as fusing 
with more cultured Nahua nations im the neighbourhood 
of Tezcuco Lastly 1s recorded the Mexican immigration 
of the seven nations, Xochimilca, Chalca, Tepaneca, 
Acolhua, Tlahuica, Tlascalteca, Azteca This classification 
of the Nahuatlac tmbes has a meaning and value It 1s 
true that Aztlan, the land whence the Aztecs traced their 
name and source, cannot be identified by geographers, while 
the story of the separation of the seven nations at the place 
called Chicomoztoc or Seven Caves looks like national legend 
rather than real history But the later stages ot the long 
Aztec migration seem historical, and the map of Mexico 
still shows the names of several settlements recorded in the 
curious migration map published by Gemelli Carer: (G10 
del Mondo, Venice, 1728) and commented on by Humboldt 

among these local names aré Tzompanco, “place of skulls 

now Zumpango in the north of the Mexican valley, and 
Chapultepec, “grasshopper hill, now a suburb of the city 
of Mexico itself, where the Aztecs are recorded to have 
celebrated mm 1195 the festival of tying up the “ bundle of 
years” and beginning a new cycle The Aztecs moving 
from place to place m Anahuac found little welcome from 
the Nahua peoples already setiled there, whose own history 
was indeed one ot incessant jealousy and quarrel One of 
the first clear events of the Aztec arrival is their being 
made tributary by the Tepanecs, in whose service or 
alliance they began to manifest their warlike prowess in 
the fight near Tepeyacac, where now stands the famous 
shrine of Our Lady of Guadalupe Thus they overcame in 
arms the Acolhuas, their superiors im civilization, who had 
made Tezcuco a centre of prosperity and improvement 
By the 13th century the Aztecs by their ferocity had 
banded their neighbours together against them some 
were driven to take refuge on the reedy lake shore at 
Acoculco, while others were taken as captives into 
Cnulhuacan. The king of this district was Coxcoxth, 
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whose name has gained an undeserved reputation even in 
Europe as “Coxcox, the Mexican Noah,” from a scene in 
the native picture writing where his name appears together 
with the figure of a man floating in a dug-out tree, which 
has been mistaken even by Humboldt for a represen 
tation of the Mexican delugemyth Coxcoxtli used 
the help of the Aztecs against the Xochimilco people, 
but his own nation, hormfied at ther bloodthirsty sac 
rifice of prisoners, drove them out to live for years in 
want and misery on the islands and swamps of the 
great salt lagoon, where they are said to have taken to 
making their chunampas or floating gardens of mud 
heaped on rafts of reeds and brush, which in later times 
were so remarkable a feature of Mexico As one of the 
Aztec chiefs at the time of the founding of their city was 
called Tenoch, +e, “Stone cactus,’ it 1s hkely that from 
him was derived the name Tenochtitlan or “Stone-cactus 
place’ Written as this name 1s in pictures or rebus, it 
probably suggested the invention of the well known legend 
of a prophecy that the war gods temple should be built 
where a prickly pear was found growing on a rock, and 
perched on it an eagle holding a serpent, this legend 1s 
still commemorated on the coms of Mexico Mexico- 
Tenochtitlan, founded about 1325, for many years after- 
wards probably remained a cluster of huts, and the ngher 
civilization of the country was still to be found among the 
other nations es} ecially among the Acolhuas in Tezcuco 
The wars of this nation with the Teyanecs, which went on 
into the 15th century, were merely destructive, but larger 


After the Toltecs came the Chichimecs, | effects arose from the expeditions under the Culhua hing 


Acamapichth, where the Aztec warriors were promiment, 
and which extended far outside the valley of Anahuac 

Especially a foray southward to Quaulnahuac, now Cuer 

navaca, on the watershed between the Atlantic and Pacific, 
caused the bringing of goldsmiths and other craftsmen home 
to Tenochtitlan, which now began to rise in arts, the Aztecs 
laying aside ther rude garments of aloe fibre for more 
costly clothing and gomg out as traders for foreign 
merchandise In the 14th century the last great national 
struggle took place The Acolhuas had at first the 
advantage, but Ixthilxochitl did not follow up the beaten 
Aztecs but allowed them to make peace, whereupon, under 
professions of submission, they fell upon and sacked the 
city of Tezcuco The next king of Tezcuco, Nezahualcoyotl, 
turned the course of war, when Azcapuzalco, the Tepanec 
stronghold, was taken and the inhabitants sold as slaves by 
the conquering Acolhuas and Aztecs, the place thus de- 
graded became afterwards the great slave-market of Wexico 
In this war we first meet with the Aztec name Voteuczoma, 
afterwards so famous in its Spanish form Montezuma. 
About 1430 took place the triple alhance of the Acolhua, 
Aztec, and Tepanec kings, whose capitals were Tezcuco, 
Mexico, and Tlacopan, the latter standing much below the 
other two In fact the Aztecs now became so predominant 
that the rest of native history may be fairly called the 
Aztec neriod, notwithstanding the picturesque magnificence 
and intellectual culture which made Tezcuco celebrated 
under Nezahualcoyot] and his son Nezahualplh When 
the first Moteuczoma was crowned king of the Aztecs, the 
Mexican sway extended far beyond the valley plateau of 
its origin, and the gods of conquered nations around had 
their shrines set up in Tenochtitlan in manifest inferiority 
to the temple of Huitzilopochth, the war god of the Aztee 
conquerors The mech region of Quauhnahuac became 
tmbutary , the Miztec country was invaded southward to 
the Pacific, and the \:calanca region to what 1s now Vera 
Cruz It was not merely for conquest and tribute that the 
fierce Mexicans ravaged the neighbour lands, but they had 
a stronger motive than either im the desire to vbtamn 
multitudes of prisoners whose hearts oe to be torn out 

— 27 


210 


by the sacnficing pnests to propitiate a pantheon of gods 
who well personified thei bloodthirsty worshippers The 
desire for war captives as acceptable victims 15 related to 
have brought about an almost incredible agreement among 
nations of the Mexican alliance, that they should from 
time to time fight battles among themselves in order to 
provide prisoncrs for the altars Thus there was something 
of the character of a religious war in the expedition made 
in 1469 under Axayacatl as far down the isthmus as 
Tehuantepec, whence the Vlexican army came back with 
loads of rich plunder and thousands of captives, and the 
later ravaging of the Totonac region as far as the Atlantic, 
when the mhabitants were taken for sacrifice and their 
land recolonized by Aztecs Ahuitzotl left the Aztec 
empire (as it 1s often somewhat ambitiously called) at the 
height of apparent power, but the cruel oppression of the 
subject regions had made their life almost unbearable, and 
the second Moteuczom:, coming to a rule already hable to 
break up from within, weakened it still more by upholding 
the class of chiefs or nobles against the common people 
who as warriors and traders had in great measure made 
the prosperity of the allied nations The Mexicans had 
long tried to subjugate the stubborn little nation of Tlax- 
callan (Tlascala), which had obstinately held out, though so 
hemmed 1n that for years the people lived without salt, this 
being no longer to be had from the sea coast Moteuczoma 
made a last effort to crush them, but in vain, and when 
the Spaniards came they were there as ready made allies 
planted on the hgh road to Mexico = From the date when 
the festival of the new cycle was first celebrated m 
Chapultepec six 52 year periods had passed when in 1507 
the new fire symbolizing the begmning of a new cycle 
was kindled for the last time on the breast of a human 
victim Rumours of the coming of the Europeans may 
have before this date spread from Cuba, but m 1517 
Cordova touched in Yucatan, and m 1518 Gryalsa was 
on the east coast of Mexico, and the Aztecs first met the 
white men, 1n whom they saw, partly with hope and partly 
with fear, the fulfilment of the prophecy that Quetzalcoatl 
should one day return With the Spanish conquest under 
Hernando Cortes (see Corres) the native history of Mexico 
comes to an end 
CIVILIZATION 


While the pianie tribes of America lived under the loose 
sway of chiefs and councils of old men, the settled nations of 
Mexico had 1ttained to a somewhat highly organized government 
This may be secn by the claborate balance of power muntained in 
the federation of Mexico, Tezcuco and Thicopan, where cach king 
was absolute in his own country, but 1n war o1 other pul lic interests 
they acted jontly with powers in something like the proportion in 
which they divided conqucre 1 Jands and spoil, which was two fifths 
each to Mexico and Tezcuco and one fifth to Tlicopan The suc 
cessor of the Avtec hing was customarily a chosen brothc: ot nephew, 
the eldest having the fist clam unless set aside as incomp tent 
and haying to be atried wairior, this mode of succession, which has 
been looked on as an elabouate practical device for securing practical 
advantages, scems rather to have arisen out of the liw of choice 
among the descendants of the female linc, found in Americ in tribes 
of much lowe: culture Something hike this appears im the succes 
sion of kings of Tezcuco and Tlacopan which vent to sons by the 
pee wift, who was usually of the Avtce royal famly ‘The 

exican Chronicles, however show instances of the king s son suc 
ceeding, 01 of powerful cli fS being eltctcd to the hingstup — Ihe 
term republic 15 sometimes used to describe the little state of 
Tlascala, but tlis was in fict a feleration of four chiefs, with an 
assembly of nobles In the Zapotec district the Wiyatae or high 
priest of Zopaa was a divine ruler b fore whom all prostrated them 
selves with faces to the ground he was even too sacred to allow 
his foot to touch the earth, and was only seen ecarricd in 1 Jitter 

The accounts given by the Spanish ca native Mexican waiters ¢f 
the courts and palaces of the native kings must be taken with some 
reserve, from the tendency to use descriptive terms not actually 
untrue, but which convey crroneous ideas taken from I nrope an 
architecture, thus what are called columns of porphyry and jaspxr 


supporting marble balcomes might perhaps be better described as | 


piers carryiug slabs, while tue apartments and terraces must have 
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been more remarkable for number and extent than architectural 
grandeur, being but low one-storied buildings The princtpal 
palace of Mexico consisted of hundreds of rooms and halls ranged 
round three open squares, with women’s apartments, granaries, 
storehouses, menageiles, aviaries, of such extent that one of the 
companions of Cortes records having four times wandered about 
till he was tired, without seeing the whole Not less remark 
able was the palace of Tezcuco, suriounded with its groves and 
vleasure gardens, and, though now hardly anything remains of the 
fuldinge above ground, the neighbouring hill of ‘ezcotainco still 
has its stone steps and terraces, and the immense embankment 
carrying the aqueduct channel of hewn stone which supplied water 
to bisins cut in the solid rock still remains to prove that the chron 
icleis descriptions, 1f highly coloured, were at any rate genuine Tull 
the last century the gigantic figures of Axayacatl and his son Monte- 
zuma wee to be seen carved in the poiphyry hill of Chapultepec, 
but these as well as the hanging gardens have been destroy ed, and 
only the groves of ahuehuete (cypress) remain of the ancient beauties 
of the place That in the pilace gardens flowers from the tierra 
caliente were transplanted, agi water fowl bred near fresh and salt 
pools fit for each hind, that all kinds of birds and beasts were kept 
1n well appointed zoological gardens whee there were homes even 
for alligators and paket this testifies, not merely to barbaric 
ostentation, but to a cultivation of natural history which was really 
beyond the European level of the time From the palaces and re- 
tinues of thousinds of sei vants attached to the roy] service may be 
inferred at once the despotic power of the Mexican 1ulers and the 
heavy taxation of the people , m fact some of the most remarkable 
of the picture wiitings are tribute 1olls enumerating by hundreds 
and thousands the mantles, ocelot skins, bags of gold dust, bronze 
hatchets, loads of chocolate, 4c ,furmshed periodically by the towns 
Below the hing was a numerous and powerful class of nobles, the 
highest of whom (élatoanz) wee great vassals owing little more than 
homage and tribute to then fcudal lord, while the natural result 
of the unruliness of the noble class was that the hing to keep them 
mn check increased their numbers, brought them to the capital as 
counciliors, and balanced their influence by military and household 
ofhcers, and by @ rich and powerful merchant cliss The nobles 
not only had privileges of rank and dignity, but substantial power 
over the plebeian or peasant class (macehuallr), who submitted te 
much the same oppression and extoition at then hands as was 
customary in the Old World The tenmes of land in Meaico were 
those generally appearing in barbaric countnes where invasion and 
military despotism have encroached on but not totally superseded 
the earher tribal laws The greatest estatcs belonged to the king, 
o1 had been granted to military chiefs whose sons succeeded them, 
or were the endowments of temples, but the calpulir or village 
community still survived, and each freeman of the tnbe held and 
tilled his portion of the common lands Below the freemen were 
the slaves, who were war captives, persons enslaved for punishment, 
oi: children sold by their parents Prisoners of war were mostl 
doomed to sacrifice, but other classes of slaves were mildly treat 
retaining civil rights, and then children were born free 


The superior courts of law formed part of the palace, and there Justice 


were tribunals in the principal cities, over each of which presided a 
supreme judge or cthuacoat], who was irremovable, and whose 
criminal decisions not even the king mighit reverse , he appointed 
the lower judges and heard appeals from them, 1t 13 doubtful 
whether he judged in civil cases, but both kinds of suits were heard 
in the court below, by the tlacatecat] and Ins two associates, below 
whom wee the ward magistrites Lands were set apart for the 
maintenance of the judges, and indeed nothing gives a higher idea 
of the elaborate civilization of Mexxo than this judicial system, 
which culminated in a gencial court and council of state yresided 
over by the hing The laws and records of suits were set down 1n 
picture writings, of which some are still to be seen , sentence of 
death was recorded by drawing a line with an ariow across the 
portrait of the condemmed, and the chromclers dest ribe the barbaric 
solemmit} with which the king passed sentence sitting on a golden 
and jewelled thronc in the divine tnbunal, with one hand on an 
ornaincnted skull and the golden arrow in the other Among the 
rcsemblanccs to Old World law was the use of a judicial oath, the 
witness touching the ground with lus finger and putting it to his 
lips, thus swe wing by Mothcr Farth The criminal laws were of 
extreme severity, cven petty theft beng punished by the thief bemg 
cuslaved to the person he hid robbed, while to steal a tobacco 
pouch or twenty cars of corn was death, he who pilfered in the 
maithet was then and there beaten to de1th, and he who insulted X1pe, 
the god of the gold andsilver smiths, by stealing his precious metal, 
was skinned alive and sacrificed to the offended deity Though 
aloe beer or ‘‘pulque” was allowed for feasts and to mmvalids in 
modcration, and old propk ovir seventy seem to be represented 
m one of the picture writings as having libeity of drunkenness, 


| young men found drunk wire clubbed to death and young women 


stoned Such Draconian standard prevatling, it 18 hardly needful 
to enumerate the special penaltics of such offences as witchcraft, 
fraud, removing landmarks, adultery, &., which differed as to 


Religion 


ANCIENT | 


whether the crimimal had his heart cut out on the altar, his head 
ctushed between two stones, &c , while even lesser punishments 
were harsh, such as that of slanderers, whose hair was singed with 
& an to the scalp 
d on conqucst as the Aztec kingdom was, and with the 

craving for warlike glory fostered by the most bloodthusty rchgion 
the world ever saw, it follows that the nation was above all other 
pursuits organized as a fighting commumty To bea tned soldier 
was the road to honour and office, and the king could not be en 
throned till he had with his own hand taken captives to be 
butchered on the war gods altar at his coronation [Ihe common 
soldiers were promoted for acts of dating, and the children of chiefs 
were regulaily trained to wai, and imitated by being sent into 
battle with veterans with whose aid the youth took his fist prisoner, 
but his future rise depended on how many captives he took un 
aided in fight with warlike enemies , by such feats he gained the 
dignity of wearmg coloured blankets, tassels, and lip jewels, and 
reached such military titles as that of ‘ guiding eagle § The 
Mexican military costumes are to be seen in the picture writings, 
where the military orders of princeseagles and tigers are known 
by then braided hair, eagles beaks, and spotted armour ‘The 
common soldiers went into battle brilliant in savage war paint, but 
those of higher rank had helmets lke birds and beasts of prey, 
armour of gold and silver, wooden greaves, and especitlly the 
wheapulr, the quilted cotton tunic two fingers thick, so serviceable 
as a piotection from arrows that the Spanish invaders were glad to 
adopt it Thearchers shot well and with strong bows, though their 
arrows were gener illy tipped only with stone or bone , thur smelds 
or targets, mostly round, were of oidinaly barbatic forms, the 
spears or javelins had heads of obsidian or bronze and were some 
times hurled with a spear thrower or aélat? of which pictures and 
specimens still exist, showing it to be similar in principle to those 
used by the Australians and Eskimo The most charactenstic 
weapon of the Mexicans was the maquahuil or ‘hand wood, a 
club set with two 10ws of large sharp obsidian flakes, a well 
directed blow with which would cut down man or horse These 
two last mentioned weapons have thc look of highly developed 
savage forms, while on the other hand the military organization was 
in some respects equal to that of an Asiatic nation, with its 
regular companies commanded cach by its captain and provided 
with its standard Thearmuies were very large, an expedition often 
consisting of several divisions each numbering eight thousand men, 
but the tactics of the commanders were quite rudimentary, consist 
ing merely of attack by arrows and javelins at a distance, gradu 
ally closing into a hand to hand fight with clubs and speais, with 
an occasional feigned retreat to draw the enemy into an ambuscade 
Fortification was well understood, as may still be seen in the 
remains of walled and escarped strongholds on hills and in steep 
ravines, While lagoon cities like Mexico had the water approaches 
defended by fleets of boats, and the causeways protected by towers 
and litcuh s, even after the town was entered the pyramid 
temples with their surrounding walls were forts capable of stubborn 
resistance It was held unrighteous to invade another nation with 
out a solemn *mbassy to warn their chiefs of the miseries to which 
they exposed themsclves by refusing the submission demanded, and 
this again was followed by a declaration of war, but in Mexico as 
an other more cultured countries this act of national morality degene 
rated into a ceremonial farce, where tribute was clarmed fiom some 
neighbouring nation, o1 an Aztec god wis offered to be worshipped 
m ther temples in order to pich a quarrel as a picteat for an 
invasion wreidy planned to satisfy the soldiers with lands and 
plunder, and to meet the priests incessant demands for more human 
sacrifices 

Among the accounts of the Mexican ag ave some passages 
referring to the belief in a suyemedcty he word feof, god, has 
been thought in some cases to bear this signification, but its meining 
1s that of deity in general, and it 1s applied not only to the sun 
god but to very inferior gods Its related that Nezahualcoyotl, 
the poet king of Tezcuco, built a nine stoned temple with 1 starry 
roof above, in honour of the invisible deity called Tloquenthuaque 
‘she who isall in himself, or Ipalnemoan, ‘‘ he by whom we live 
who had no image, and was propitiated, not by bloody sacrifices, but 
by incense and flowers Those who adopt the opimion of Asiatic 
admixture in Mexican culture will use it to account for this remark 
able religious phenomenon, less easily accounted for by native 
development, while also the appearance of a 1val deity of evil, 
bearing the name of Tlacatecolotl, or ‘man owl, 18 mysterious 
These divimties, however, seem to have had little or no place m the 
popular faith, which was occupied by polytheistie gods of more 
ordinary barbaric type Tezcathipoca was held to be the highest of 
these, and at the festival of all the gods his footsteps were expected 
to appear in the flour strewn to receive this sign of their coming 
He was plainly an ancient deity of the race, for attributes of many 
kinds are crowded together in him, and he was pr ayed to in inter 
munable formulas for help in war and fo: health and fortune, to 
deliver the nation from a wicked knng, or to give pardon and strength 
to the penitent who had confessed his sins and been purified by wash- 
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ing Between him and Quetzalcoatl, the ancient deity of Cholula, 
there had been old nvalry, as 18 related in legends of Quetzalcoatl 
coming into the land to teach men to till the soil, to work metals, and 
to rulea well ordered state the two gods played their famous match 
at the ball game, and Jezcatlipoca, in the guise of a hoary headed 
sorcerer, persuaded the sick and weary Quetzalcoatl to dnnk the 
magic pulque that sent him roaming to the distant ocean, where 
he embarked 1n his boat and disappeared from among men These 
deities are not easily analyscd, but on the other hand Tonatiuh and 
Metzth, the sun and moon, stand out in the distinctest personality 
as nature gods, and the traveller still sees in the huge adobe pyramids 
of Teotuhuacan, with their sides orented to the four quarters, an 
evidence of the importance of their worship The war god Huitzilo 
pochth, of whom one legend relates a supernatural conception im 
the ancient Tullan, while inother story declares him to have been 
(ke the Chinese war god) a dcufied wator chief, was the real head 
of the Aztec pantheon , hisidol remains in Mexico a huge block of 
basalt on which 1s sculptured on the one side his hideous personage, 
adorned with the humming bid feathers on the left hand which 
signify his name, while the not less fnghtful war goddess Teoy a0 
miqui, or ‘‘divine war death, ’ occupies the other side _Centeotl, 
the goddess of the all nowshing maize was patroness of the earth 
and mother of the gods, while Mictlanteucth, lord of dead land, 
ruled over the departed in the dim under world Numbers of 
lesser deities presided over classes of society , events, and occupations 
of life, such as Tlazolteot!, goddess of pleasure, worshipped by 
courtesans, Tezcatzoncat] yod of strong drink, whose garment In grim 
irony clothed the drinkar la corpse and Aipe, patron of the gold 
smiths Below these were the usual crowd of nature spints of hills 
and groves, whose shrines were built by the roadside to recetse offer 
ings from passers by The temples were called ¢eocall: or ‘‘ god’s 
house, and the teocallis of the greater deities mvalled in size 
as they resembled 1n form the temples of ancient Babylon They 
wele pyramids on a square or oblong base, msing in successive 
terraces to a small summit platform The great teocall of 
Huitzlopochth im the city of Mexico stood in an immense 
square, whence radirted the four principal thoroughfares, 
its courtyard being enclosed Ly a square of which the stone 
wall, called the coatepantl o1 serpent wall fiom its sculptured 
seipents measured nearly a quaitcr of a mile on each side In 
the centre the oblong pyramid of rubble cased with hewn stone 
and cemented, 375 x 300 fect at the base and nosing steeply mm five 
terrices to the height of 86 feet, showed conspicuously to the aty 
the long processions of priests and victrms winding along the 
terraces and up the corner flights of steys On the prved platform 
were thiee story towe: temples in whose ground floor stood the stone 
images and altars and before that of the war god the green stone of 
sactifice, humped so as to bend upwad the body of the victim that 
the priest might more easily slash open the breast with his obsidian 
knife tear out the heart and hold it up before the god, while the 
captor and his frends were waiting below for the carcase to be 
tumbled down the steps for them to carry home to be cooked for the 
feast of victory Before the shrines reching with the stench of 
rakes We the eternal fies were kept burning and on the platform 
stood the huge drum covered with snakes skin whose fearful sound 
was heard for miles From the terrace could be seen seventy or 
more other temples within the enclosure, with their images and 
blazing fires, ad the t-ompanili or ‘ shull-place where the shulls 
of victims by tens of thousinds were skewered on cross sticks or 
built into towers There also nught be seen the flat circular 
temalacatl or ‘‘spindle stone where captives armed with wooden 
weapons Weleallowed the mockery of a gladiatonal fight against 
wellarmed champions The great pyramid of Cholula with 
its hemispherical temple of Quetzalcoitl at the top now an 
almost shapeless hill surmounted by a church, wis about thnee 
as long and twice as high 1 the teocalh of Meuco A large 
friction of the Mexican population were set apart as priests or 
attendants to the services of the gods The rites performed were 
such as are found elsewhere, prayer, saciihice, processions, dances, 
chants, fisting and other austezities, but there are some pecuhan 
ties of detail Prayers and other formulss have been copied down 
by Sahigun and other chiomiclers, of endless prolixty, but not 
without occasionl touches of pathos The folton tn are 1 few 
sentences from @ prayer to Tuzecrtlipoca, interceding for the poor 
“‘O our lord protector most strong and compassionate, invisible 
and impalpable thou ut the giver of life, lord of all, and lord 
of battles, I present myself here before thee to say some few words 
concerning the need of the poor people, the prople of none estate or 
intelligence hnow, 0 Lord, that thy subjects and «rvante 
suffer a sore povetty, that cannot be told of more than that 
it 1s 2 Sore poverty and desolateness The men have no gaiments 
nor the women to cover themselves with but only rags rent mu 
evaiy part that let the wind and cold im It they be mer 
chants, they now sell only cakes of salt and broken pepper, the 
people that have something despise their wates so thit they go out to 
sell from door to door and fiom house to house , and when they sell 
nothing they sit down sadly by some fence or wall, or" some corner, 
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helang thew lips and gnawing their nails for the hunger that 18 in 
them, they look on one side and the other at the mouths of those who 
ss by, hoping peradventuie that one may speak some word to thern 
Denn penonate God, the bed on which they he 18 not a thing to rest 
pon, but to endure torment in, they diaw a rag over them at 
night and so sleep O ow Lord, in whose power it 1s to give 
allcontcnt, consolation, sweetness, softness, prosperity, and riches, for 
thou alone ait lord of all good, have mercy upon them, for they are 
thy servants I supphente thee that thou wilt lift up their 
heads with thy favour and aid, that thou wilt see good that they 
enjoy some diys of prosperity and tranquillity so that they may 
sleep and know pes having prosperous and peaceable days of 
life Should this nation, fo: whom I pray and entteat thee to 
do them good, not understand what thou hast given, thou canst 
take away the good and pour out cursing 30 that all evil may come 
upon them, ani they become poor, in need maimed, lame blind, 
and deaf, then indeed they shall waken and know the good that 
they had and have not, and they shall call upon thee and lean 
toward thee, but thou will not listen for im the day of rbundance 
they would not understand thy goodness towards them These 
prayers seem essentiilly genuine , indeed there was no European 
model from which they could have been imitated, but at the same 
time 1 must be remembered that they come down in Spanish wnt 
mg, and not untouched by Spanish imfluence as in one passage 
where there 1s a mention of shcep an animal of couse unknown to 
the native Mexicans As tosactifice, maize and othe vegetables were 
offered, and occasionally rabbits quails &c , but, m the absence of 
cattle, human sacrifice was the chief rite, and cannibalism prevailed 
at the feasts Incense was constantly used especially the copalls 
(copal) well known to us for varnish, little terra cotta censers are 
among the commonest of Mexicin antiquities Long and severe 
religious fasts were customary +t special seasons, and drawing bloot 
from the arms, legs and body by thiusting m aloe thorns and 
passing shaip sticks through the tongue, was an habitual act of 
devotion recalling the similar practices of devotees in India The 
calendar of religious festivals for the whole comse of the Mewcan 
year has been preserved Hach 20 day period hal one or more 
such celebrations In the month of the ‘‘ diminishing of waters 
the rain gods or Tlalovs were jropitiite 1 by 2 procession of priests 
with music of flutes and trumpets cari yin, on vlithed litters infints 
with painted faces in gay clothmg with coloured piper wings, to 
be sacrifice] on the mountains or 0 a whirlpool in the lake It 18 
ssid that the people wept 1s they passed by, but af so this may have 
been a customarv formality for the .eheion of these nations must 
have quenched all human s}mpath, In the next month the god 
Xipe totec, alveady menti ned, hat his festival called the ‘ flay ing of 
men” from the human victims being flaved after their heaits were 
torn out, for young men to dress in their skins and perform dances 
and sham fights The succeeding festival of Camaxtl: was marked 
by a severe fast of the priests, after which stone kmives were pie- 
pared with which a hole was cut through the tongue of each, and 
numbers of sticks passed through or the great festival of Tez 
catlipoca the handsomest and noblest of the captives of the year 
had been chosen as the incarnate representitive of the god and 
ded the streets for public adoration dressed in au embroidered 
mantle with feathers and girlands on his head and 4 retinue like a 
king fo the last month they martied lim to fom girls 1¢ presenting 
four goddesses on the list day wives inj pages escorted him to the 
hittle temple of Tlacochcalco where he mounted tle stams breakm, 
an earthenware flute against «xh stey this was a symbolic fare 
well to the joys of the worli for 23 he reached the top he was 
seized by the priests his heart torn out and held up to the gun, 
his head spitted on the tzompanth and Ins body exten as sicred 
food, the people drawing from his fate the moral leon that riches 
and pleasure may turn into poveity and sorion The manner of 
the victim’s death in these festivals affor Ied scope for vanety, they 
dressed them an inade them dance in character threw them into 
the fire for the fire god, or ciushed them betwcen two balanced 
stones at the harvest festival The ordinary pleasures of festivals 
were mingled with all this, such as dances in beast masks, sham 
fights, and childrens games but the type of a religious function 
was 8 sickening butchery followed » a cannibal feast 
The Mexican }nesthvod, bemg the educated clas were amch 
concerned with the art of picture writing, which they had dc+cloped 
to a stage quite above the 1ude figures of the Amerman hunting 
titbes and used systematically as a means of recording rhgious 
festivals and legends as well as keeping calendars of years and 
recording the histonecal cv ents which occurred in them Faesimilcs 
of several of these interesting documents, with thur translations 
may be seen in hingsborough On mspecting these it will be seen 
that their main principle 1s }1ctorial Gods are represented with their 
appropriate attmbutes —the fire god h rling his spear the moon 
ess with a shell, &c the scenes of human life are ycturcs of 
warriors fighting with club and sper, men ya idling in canoes women 
spinning and weaving, 4c An important step towar is phonetic 
writing appears, however, mn the picture names of places and persons 
The nunplest forms of these depict the objects mgnified by the name, 
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as where Chapultepec or ‘grasshopper ill” wr. yg 
hopper on a hull, or a stone will a cactus on it stands for Tenoch 
or ‘‘ stone cactus,” the founder of Tenochtidlan The system had, 
however, risen a stage beyond this when objects were drawn 
to represent not themselves, but the syllables forming their 
names, a8 where a trap, an eagle, a pricker, and a hand are put to- 
gether not to represent these objects, but in order that the syllables 
of their names mo quauh zo ma should spell the word Moquauh 
zoma (see Aubins introduction to Brasseur, Hist du Mexwue, 
vol 1 p Ixvm) The analogy of this to the manner im which the 
Egyptian hieroglyphs passed into phonetic signs 1s remarkable, 
and wiiting might have been invented anew m Mexico had it not 
been for the Spamsh conquest The Aztec numerals, which were 
vigesimal or reckoned by scores, were depicted by dota or circles 
up to 20, which was represcnted by a flag, 400 (a score of scores) 
by a feather and 8000 (a score of scores of scores) by a purse, but 
for convemience these symbols might be halved and quartered, so 
that 534 might be shown by one feather, one quarter of a feather, 
one flag, one half ofa flag and four dots The Mexican calendar 
depended on the combmation of numbers with picture signs, of 
which the four principal were the rabbit, reed, flint, house— 
tochtl acatl tecpati, calla The cycle of 52 years was reckoned by 
combining these ae in rotation with numbers up to 18, thus — 
lrabbit 2 reed 3 flint, 4 house 5 rabbit 6 reed Ac By accifient 
this calendar may be exactly illustrated with 3 modern pack of 
cards laid out mm rotation of the four suits as, ace of hearts, 2 of 
spades 3 of diamonds 4 of clubs, 5 of hearts, 6 of spades, &c In 
the Mexican ritual calendar of the days of the year, the same method 
15 caniled further, the senes of twenty day signs ed combined 
m rotation with numbers up to 13, as this cycle of days only 
reaches 260 a series of nine other signs aie wfhxed m addition, to 
make up the 365 day year Itas plain that this 1otation of signs 
served no useful purpose whatever bemg less convenient than 
oidinaiy counting such 2s the Mexicans emyloyed im their other 
calendar aheady mentioned, where the 20 day periods had each a 
name like our months, and then days had signs in regularorder Its 
lustorical interest depends on its resemblance to the calendar system 
of central and eastein Asia, where among Mongols Tibetans, 
Chinese, &c, seiies of signs ate thus combincd to reckon years, 
months and days for mstance the Mongol cvcle of 60 yeais 18 
recorded hy the zodiac or serucs of 12 signs—monse bull tiger, &c , 
combined 1n 1otation with the five male and female elements—hre, 
earth iron, water wood as ‘‘male fire bull year, &c This 
comparison 1s woiked out i Humboldt» Vues des Cordallerea, 
as evidence of Mexican civilization being borrowed fiom Asia 
Naturally the Mexican calendar system lent itself to magic mm the 
sume way as the similar zodiac signs of the Old World, each 
pie s fate being affected by the qualitics of the signs he was 

orn under, and the astrologe: priests being called m to advise on 
every event of life Of all Mexican festivals the most solemn 
was that of the r2whmolmll, or ‘year binding’ when the 52 
year cycle o1 bundle of years came to an end It was believed 
that the destiuction of the would, which after the Hindu manner 
the Mexicans held to have already taken place three or fou times, 
would happen again it the end of a cycle As the time diew 
neat the anxious ; opulation cleansed their houses and put out all 
fire, and on the last day after sunset the priests dressed in the garb 
of gods set out mm procession for the hill of Hursachtla there to 
watch for the approach of the Pleiades to the zenith, which gave 
the auspicious signal for the lighting of the new fire The finest 
of the captives was thrown down and fire kindled on his breast by 
the wooden dill of the priest, then the victim » heart was torn out, 
and his body flung on the pile kindled with the new flame The 
~>ople watching from their flat housetops all the country round 

Ww with joy the flame on the sacred hil] and hailcd 1¢ witha 
thank offering of drops of blood drawn from their ears with sharp 
stone flakes Swift runners carned buininz brands to 1ekindle the 
fires of the land, the sacred fire on the teocalh of the war god 
blazed up a aa and the people began with feasting and rejoicing 
the new cycle 


Memcan education, at any rate that of the upper class, was a Edna 
religion, which tion. 


systematic discipline much under the control 
here presents itself under a more favourable hight After the 
birth of a child, the tonalpouhgua or ‘ sun calculator’ drew ite 
horoscope from the signs 1t was born undet, and fixed the time for 
its solemn lustration o: baptism, performed by the nurse with 
appropriate prayers to the gods, when a toy shield and bow were 
Jovided if1t was a boy, o1 2 toy spindle and distaff if 1t was a girl, 
ind the child received 1ts name An intcrcsting picture writing, to 
be seen in Kingsborough, shows the details of the boy s and girl’s 
education, from the early time when thiec small circles over the 
child show 1t to be three ycars old, and a drawing of half a tortilla 
or corn cake shows its allowance for each ineal, as they grow older 
the lads are seen beginning to carry burdens, paddle the canoe, 
and fish, while the girls learn to spin and weave, grind maire, and 
cook,—good conduct being enforced by punishments of increasing 
severity, up to pricking their bodies with aloe thorns and holding 
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their faces over burning chills, The schools were extensive build- 
ings attached to the temples, where from an early age boys and 
girls were taught by the priests to sweep the sanctuaries and keep up 
the sacred fires, to fast at proper seasons and draw blood for penance, 
and where theyreceived moigl aching 1n long and verbose formulas 
Those fit for a soldier's life were tramed to the use of weapons 
and sent early to learn the hardships of war, children of craftsmen 
were usually taught by their fathers to follow their trade, and for 
the children of nobles there was elaborate instruction in history, 
as bia astrology, religious doctrines, and Jaws Marnages 

epended much, as they do still in the Kast, on comparison of the 
horoscopes of the pair to ascertain if their birth signs were com 
patible Old women were employed as go betweens, and the 
marriage ceremony was conducted by a piiest who after moral 
exhortations united the young couple by tying their garments 
together in a knot, after which they walked seven times round the 
fire, casting icense into it, after the performance of the marnage 
ceremony the pai entered together on a four days fast and 
penance before the marmage was completed The funeral mtes 
of the Mexicans are best seen in the ceremomes at the death of a 
king The sald lard out in state Wis provided by the priest with 
a jug of water for lus journey, and with bunches of cut papers to 
pass him safely through each danger of the road—the place where 
the gvo mountains strike to,ether the road guaided by the great 
snake and the gieat alligator, the eight deserts and the esht 
hills, they gave him garments to protect him from the cutting 
wind, and buried a little dog by his side to carry him across the 
nine waters Then the royal body was invested in the mantles of 
his patron gods, sg ares that of the war god, for Mexican kings 
were warriors on his face was placed a mask of turquoise mosaic, 
and a green chalchihuite stone as a heart between his ups In older 
times the dead king was buried ona throne with his property and 
dead attendants round him But after cremation came in a 
mourning procession of servants and chiefs carted the body to the 
faneral pyie to be burnt by the demon diessed pniests after which 
the uiowd of wives and slavcs were exhorted to serve their lord 
faithfully in the next world were sacrificed and then bodies buint 
Conimon people would not thus be provided with a ghostly retinue, 
but their simpler funeral coremonies were as far as they went similar 
to those of their monarch 

The staple food of the Mexicans before the conquest has continued 
with comparatively little change among the native race, and has 
even been adopted by those of European blood Mae or Indian 
eorn was cultivated on patches of ground where, as in the Hindu 
jém, the trees and bushes were burnt and the seed planted m the 
soil manured by the ashes A sl arp pointed planting stich a 
wooden shovel and a bronze bladed hoe called a coatl weie the 
simple implements The Mexicins understood digging channels 
for sip ear especially for the cultivation of the cacahuatl, fiom 
which they taught the Luropeans to prepare the beverage chocollatl , 
these native names pwsed into Knghsh as the words cacao or cocoa, 
and chocolate Other vegetables adopted from Mex:co are the tomata 
(tomatl) and the chalh, uscd as flavouring to native dishes The 
maize was ground with a stone roller on the grinding stone or mtlatl, 
still known over Spanish America as the metate and the meal baked 
into thin oval cakes called by Aztecs tlaxcall: and by Spaniaids 
tortrlia, which resemble the chapate of India and the oat cake of 
Scotland The Mexicans were also skilful makers of earthen pots 
in which were cooked the native beans called by the Spamsh frioles 
and the va1ous savoury stews still in vogue The juice extracted 
by tapping the great aloe betore flowering was fermented into 
an intoxating dimk about the strength of beet, octli, by the 
Spamiards called pulque Tobacco, smoked in leaves or cane pipes 
or taken as snuff, was in use especially at feasts It 1s related that 
in old times Mexican clothing was of skins 01 woven aloe and palm 
fibre, but at the time of the conquest cotton was largely cultivated 
in the hot lands, spun with a spindle, and woven mm a rudimentary 
loom without a shuttle to the mantles and biecch cloths of the 
men and the chemuses and skirts of the women, garments often of 
fine texture and embroidered in coloms O:naments of gold and 
silver, and jewels of polished quaitz and green chalchihuite were 
worn,—not only the ears and nose but the lips being pierced for 
ornaments The artificers in gold and silver melted the metals ly 
means of a reed blowpipe and cast them sold or hollow and were 
also skilled in hammeied work and chasing, as some fine specimens 
remain to show, though the famous anrmals modelled with zold and 
silver fur, feathers, and scales have disappeared Tron ws not 
known, but copper and tin ores were mincd, and the metals com 
bined into bronze of much the same alloy as in the Old World, of 
which hatchet blades anid other instruments were made, though 
their use had not superseded that of obsidian and other sharp stone 
flakes for cutting, shaving, &¢ Metals had passed into a cuirency 
for trading purposes, especially quills of gold dust and T aa Ce 
pieces of ert while cocoa beans furntsed small change, {he 
vast size of the market aquares with then sumounding porticos, and 
the importance of the caravans of merchants who traded with other 
ations, show that mercantile had men mto some proportion to 
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military interests Nor was the wealth and luxury of Mexico and Art and 
surrounding tegions without a corresponding development of art pastime, 
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The stone sculptures such as that remaining ot Xochicalco, which 1 
figured by Humboldt, as well ax the ornamented woodwork feather 

mats, and vases, are not without artistic memt The often cited 
poems attibuted to Nezahualeoyotl may not be quite genuine, but 
at any rate poetry had msen above the barbaric level, while the 
mention of bailads among the people, court odes, and the chants of 
temple choirs would indicate a vocal cultivation above that of the 
instiumental music of drums and horns, pipes and whistles, the 
latter often of pottery Solemn and gry dances were frequent, and 
a sport called the bird dance excited the admiration of foreigners 
for the skill and daring with which groups of performers dreased as 
birds let themselves down by ropes wound round the top of a ae 
mast, so as to fly whuled in cncles fir above the ground The 
ball game of the Mexicans culled tlachth, was, like tenms, the pas 

time of princcs and nobles , special courts were built for 1t, and the 
ball of india rubber (perhaps the fist object in which Europeans 
became acquainted ¥ mae valuable material) might not be touched 
by the hands, but was driven against the walls by blows of the knee 
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in then state after the §) anish conquest are vely scanty 1n com .smericat 
parison with the voluminous desery tions of Aztcc life They bring cultare. 


out perfectly, however the fact of close connexion between the two 
ewihzations Some Central American peoples were wctually Mexican 
mm ther lanzuaze and culture, especially the Pips of Guatemala and 
a laige pait of the population of Nicaragua, but these were descend- 
ants of Aztecs ot allied yeoples who in the comparatively modern 
times of Aztec owe: invaded and colonized these distant countries 
(see Buschmann A teh Ortsramen vim, 1x) Wath regard to the 
Lentral American nations y1oper, especially the Mayas of Yucatan 
and the Quiches of Guatemala, who dwelt in the cities and wor 
shipped in the temples of Chichen Itza ant Uxmal, Palenque and 
Copan the y1oblem of Azte. ccnnexion is deeper and obscurer 
How closely related these nations wer m istitutions to the 
Mexicans appears not only m then wing the samc peculiai weapons, 
such as the spear thrower an the toothed club o: maquahuitl, but 
1n the similazity of them icligious mites such as drawing blood from 
then bodics as an act of penance and saciificang human victims by 
cutting open the Lreast and tearing out the heart, the connexion 1s 
evident im such special pomts as the cercmony of marnage Ly tying 
together the garments ot the couple or in holding an offender s face 
over burning chillis as a punishment the native lezends of Central 
(meiica make mention of the roy u ball play wht h was the same 
as the Mexicin game of tlachth aleady mentioned At the same 
time many of the Central Ameican customs differed fiom the 
Mexican thus in Yucitan we find the custom of the y ouths sleeping 
in @ gieat bachelors house an wrangement common in various 
parts of the world, Lut notin Mexico the same remark apphes to 
the Maya exogamous ]iw of a man not taking a wife of his own 
family name (see Diego de Landa Relacion de Yueatan, ed. 
Brasseur de Bourbourg, p 140) which does not correspond ith 
Mexican custom We have the means of compating the personal 
appearance of the Mexicans and Cential Americans by then por 
traits on early sculptures vases, &c , and, though there does not 
rake an} clear distinction of race type, the extraoidinary back 
sloping foreheads of such figures as those of the Las reliefs of Palenque 
prove that the custom of flattening the skull in infancy prevailed 
in Central Ametica to an extent quite beyond any such habit in 
Mexico It 19 from the ruined cities now buned mm the Central 
American forests that we gam the best information as to the nations 
who built them The notion sometimes propounded that these 
fanious cities were of gieat antiquity and the wok of extinct nations 
has no solid evidence some of them may have ken already aban- 
doned before the conquest, but others were inhabited and by the 
ancestors of the Indians who now build the mean huts and tall 
their patches of maize round the relics of the grander hie of their 
ancestors In compuing these rums thou h the distrits of 
Lucatin Chiapas, Guatemila, and Honduras, it 1s evident that, 
ras they are not the wotk of a single nation, but of two o: more 
highly distinct m language, yet these nations had the great bond 
of a common s}stem of pictorial or written chatacters One speci- 
men of a Ccntial Amencan mecription my give a pineal idea of 
them all, whether 1t be trom the sculpted ficuls of a temple 
shetuhcd by Catherwood, or from the painted deershin called the 
Dresden Codex (reproduced in hingsboough) or fiom the chapter 
of Diego de I anda where he professes to explun and translate the 
characters themselyes These consist of combinations of faves, circles, 
ines, Ac , arringed in compartments in so compl. a manner that 


ma complete way, Landas description (p 820) gives a table of 1. 
number gf their elements as phonetically representing letters or 
a} llablea# but. though there may bea partial tiuth mm hus rules, they 
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are too insufficient or too erroneous to serve for any general decipher 
iment Most of what has been wiitten on this ae subject 18 
worthless, but a promising attempt has been made by E S Holden, 
who has analysed the combined figures unto then elementary nes 
(First Annual Report of bureau of Ethnology Smithsonian Insti 
tution, Washinton 1881 sec iso Chirencey Melanges de Philologre 
et de Palesgraphie Ameruanes Pans 1883) One pomt as to the 
Centra] Ainerican chatacters 13 clear that y art of them are calendar 
signstecording lites F1om the accounts ziven by Landa and other 
writers 1t 1s lai that the Central {merican calendai rechoning 
the year in twenty er ht yerods of thnteen days, was the came in 
its principle of combimm, si,,ns as that of Mexico here mentioned 
it page 212 The fom leading Maya signs called han, mul 1% cauac 
corresponded in than position to the four Avtce signs rabbit 1eed, 
flint, house but the meanmgs of the Maya signs are unlike the 
Artec veryobscurce A remathible feature of the Central American 
1uns 18 the frequency of truncated } \1amids built of hewn stone, 
with flights of steps up to the temy lc built on the platform at top 
The resemblance of these stiuctuies to the old descriptions and pic 
tures of the Mcaican teocallis 15 so stuukins that this names habitu 
ally given to them ‘The teocallis Luilt by the Nahua or Mexican 
nations have bien mostly destioved but two 1emam at Huatusco 
and Tusapan (fuie lin Bancroft vol 11 pp 443 450) which bear 
a strong 1esembl ince to those cf Palenque On the whole 1t 1s not 
too much to say that, in spite of differenccs in style the best means 
of judging what the temples and palaces of Mexico were hike 1s to 
be gained from the actual ruins in Central America On the other 
hand, there are features m Central American architecture which 
aarcely appeal m Mexxan Thus at Uxmal there stands on a 
terraced mound the long natrow building known as the governot $ 
house (Casa dil Goberna lor) 322 feet long 39 feet wide 26 feet 
high built of rubble stone and mortar faced with squate blocks of 
stone the mteziot of the chambers 11sing into a sloping 100f formed 
by courses of stonework gradually ov elspang ina false arch ’ 
The same constuction 1s sven m the buildings forming the sides of 
a quadiangle and beam the equally imaginary name of the 
nunnery (Cisa de Monjas) the 1esemblance of the inteiio1 of one 
of its apartments to an Etruscan tomb has often been noticed (see 
Fergusson History of Architecture vol 1 Viollet le Due m 
Chainay) Attempts to tra ¢ the architecture of Central America 
to dnect deiivation from Old Wo1l1ty;es have not been successful 
while on the othe: hand its de oration shows poof of orginal snven 
taon, especially im the umitations of woodwork which as the above 
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Bnitish Honduras, where the boundary lines are still partly 
undetermmed, W by the Pacific Ocean Lyimg between 
33° and 15° N lat and 87° and 117° W. long, Mexico 
stretches about 1950 mules north north west and south- 
south east, with a mean breadth of 400 mules, varying 
from about 1000 in 26° N to 130 at the narrowest 
part of the Tehuantepec isthmus It has a coast hne of 
nearly 6000 miles,—about 4200 on the Pacific and 1600 
on the Atlantic The seaboard is little varied either 
by deep inlets, bold headlands, broad estuaries, or large 
islands On the west side are the vast Gulf of California, 
in outline somewhat resembling the Red Sea, and so named 
by some of the early navigators, and the open Bay of 
Tehuantepec, besides the smaller inlets of Acapulco and 
San Blas, forming two of the finest harbours 1n the world, 
and almost the only safe ones in the republic On the 
east side the coast 1» moStly beset by lagoons and sand- 
banks, with no good havens, Campéche, Vera Cruz, Tampico, 
and Matamoras being all little better than open roadsteads 
exposed to the fierce “‘nortes,’ or north easterly gales, that 
sweep the Gulf of Mexico for a great part of the year Of 
headlands the most promment are Capes S Lucas and 
Palmas at the south extremity of Lower Califorma, Cor- 
nientes south from San Blas, and Catoche in the north- 
east of Yucatan Besides this peninsula, which projects 
north north east, the only other 1s that of Lower California, 
which projects south south east parallel to the maimland 
The islands are few in number, and all of insignificant size, 
the most noteworthy being Tiburon and Angel de la Guarda 
in the Gulf of California, the uninhabited Revillagigedo 
group in the Pacific, and Cozumel off the Yucatan coast 
Mexico comprises altogether twenty seven confederate 
states, one territory, and the Federal District, with areas, 
populations, and chief towns as under 7— 


mentioned ai(hitccts have pomted out, passed into sculptured P pula 
ornament when the matcial of construction became stone instead ' as "80) 
of wood Thus the architectural remains thouzh they fil actual], 
to solve the Instorical problem of the high cultme of the nations 13) 140 9 700 
round the Gulf of Mexxo throw much light on it when ther | He ; ie arial ech +H nn 
evidence 1s added to that of1ehi,ionand customs Whether Mexican 14 363 194 861 Santer ck 15 300 
avilization was a baibaric copy of th... which flounshed in the .... % C09 144747 Ciudad Victoria 7 800 
deserte 1 Central Ametican citics 01 whetha the nations who built , 24 T v04) 0 Jalapa 12 400 
these cities themselves raised to a hight level a civilization derived | Camp 12 J€) 9338 San Juan Bautista 6 800 
‘ampeche 2b 083} 86299 Campeche 1> 190 
from Mexico two thins seem }10bable —hist that the civilizations - 32>¢ 8! 8 384 Merda 32 000 
of Mexico and Cential America were perya led by a common influence | 259°" 167093 Culiacon 7 878 
mi religion, wt, and custom stron, that this common element 1 oy. Vet er ee face 
shows traces of the importation of Asiatic ideas into America © J Michoacer 21,609 648 857 Morelia 20 400 
Among works of icference on the ancient history and civihzation of Mexico f. | Guerrero ws" 308 716 3 800 
and Central Ametica may be rocnti ned H H Bancicft Zhe Vattee Races of the | Oajaca N81. 26 228 
Pacyfie States of North America London 18 o € (contains the most complete ” 16°69 219735 San Cristobal & 000 
simmaiy with 1eferences to oigmal authorities) Brasscu) de Bourbourg 42°43 190846 Durango ? 119 
Histowre des Nattons Crrilisees du Merigue et de l Ame ique Centrale Pa 2f x89 413608 * 32 000 
1857 59 (a valuable collection of materials but the author sown views ate m stly 221° 140 430 31 872 
fanciful) Prescott Husiory of the © nquest or Verie =Clasigero Slonta Antca i tsts—<“‘éiliél 506 “99 34,300 
del Messico Cesena 1780 (contains the substance of carlic: writers such as "BS 202 vb 112 
Gomara Torquemada Acosta Boturin! & ) Fer special top cs —Loid Kings 1°9 915 27 560 
borough Antzguitres of Mexico London 1831 48(¢ nta_s facsimiles and inter 434096 12,800 
ptetations of picture wi tings tle native clr n cles of Ixtilxochit! and fezoz 9598 636038 Toluca 12 700 
moc a reprint of Sahagun &c) <A von Himbcldt Vues des Cordilleres et 1898 104946 Cucrnavaca 16 320 
Monumens des Peuples Indigenes de T Amertjue Ta14 1816 (Mexican cvilization ss 7°" 704372 Puebla 64 588 
{ieture writing calendar & ) Jravels and descuptiors of antiquitics &e — Tlaxcala 1,498 133 498 teala 4,800 
Puparx (in Kingsborough) ( Nebel Veqye Pintoresco v Arqueo grco sobre la kederal District 8) 34 840 ICO 241,110 
Republica Mey cana Paiis 1839 F de Walacck Voyage Pittoresque et Archeo Lower California 59083 93195 LaPaz | 9.896 
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Since the appearance of A von Humboldt’s classic Physica) 


work on New Spain, as Mexico was called in the colomal fatares. 
times, this region has continued to be regarded as forming Plateaus 
a main link in the vast chain supposed to stretch across °" 

the entire length of the American continent from Cape rer 


II THE REPUBLIC OF MEXICO 
Mexico, Aztec Memth 1 (Estados Umdos de Mexico), 


1s a federal republic in North America, bounded \ by 
the United States (California, Arizona, and New Mexico), 
E by Texas and the Gulf of Mexien § by Guatemala and 


1 In this, as in allother Aztec names, the x (or 7) represents the English 
aound sh, hence Mexiil, and Mezco should be yroperly pronounced 
Meshiih, Meshwo But they do not a, pear to have ever been so pro 
nounced by the Spaniards, wi» naturally gave to the x ity ordinary 
Spenish sound of the German ch \ 


2 These figures in the absence of suentific surveys and a trust 
worthy census are necessatily more or less approximate The areas 
are those of Ripley and Dana, based on A Garcia Cubas Carta geo 
grafica (Mexico, 1874), the populations of the states and capitals are 
the estimates of Emiliano Busto in his Estadistica de la Republica 
Mexicana (Mexico, 1880) A wnter in the Zumes of December 7, 
a estimates the whole population at 12,000,000, much too high a 

gure 
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Horn to Behring’s Strait But more recent research, and 
especially the surveys made by the French staff during the 
military operations between 186]-67,! have shown that 
this grand generalization must be abandoned In remote 
geological epochs a marine channel seems to have flowed 
between the northern and southern sections of the New 
World at the isthmus of Panama, while Mexico itself 
appears to be mainly a distinct geographical region 
of relatively recent upheaval Here there nowhere exists 
& continuous mountain range, to which might properly be 
apphed the designation “Cordillera of the Andes,” an 
expression which mm any case 18 not current north of the 
isthmus of Tehuantepec Mexico forms, on the contrary, 
a vast table land, somewhat in the shape of a cornucopia, 
with its narrow end tapering to the south south east, its 
convex and concave sides facmmg the Pacific and Atlantic 
respectively, and with a geneml inclination northwards 
Most of the so called Cordilleras are merely the ‘ cumbres ” 
or escarpments of this plateau, which falls abruptly towards 
theeAtlantic, and through a series of wcll marked terraces 
(formerly lacustrine basins) towards the Pacific Thus the 
carriage road from the capital runs im tolerably easy stages 
successively through the Tetla (8000 feet), Mescala (5500), 
Papagallo (1800), and Peregrino (1600) valleys down to 
Tepes within 40 miles of the seaport of San Blas But 
the southern central plateau of Anahuac maintains its mean 
elevation of 7000 to 8000 feet almost everywhere to within 
35 or 40 miles of the Atlantic Hence the railway opened 
in 1872 between Vera Cruz and the capital has had to be 
carned by tremendously steep gradients to a height of 
nearly 8000 feet within a total distance of 263 miles? 
The general but gradual northerly tilt of the table land 1s 
shown by the altitudes of the capital, Durango, Chihuahua, 
and Paso del Norte on the Umited States frontier, which 
are respectively 7600, 6630, 4600, and 3800 feet 

At the same time the scarps rise im many places con 
siderably above the mean level of the plateau, which 1s 
itself intersected and broken into a number of secondary 
valleys by several short cross mdges, generally following 
the normal direction fiom north north west to south south 
east The most continuous range is the Sierra Madre of 
the Pucific, which may be traced at a mean elevation of 
over 10,000 feet from Oajaca to Arizona, and which from 
Guadalajara to the northern frontier 1s crossed by no 
carriage route Parallel to this 1s the Lower Californian 
range (Sierra de la Giganta, 3000 feet), which, however, 
falls abruptly eastwards, like the Atlantic escarpments 
The Califorman peninsula seems to have been detached 
from the mainland when the general upheaval took place 
which produced the vast chasm now flooded by the Gulf 
of Califorma Corresponding with the Sierra Madre of 
the Pacific on the west are the more interrupted eastern 
ecarps of the central plateau, which sweep round the Gulf 
of Mexico as the Sierras Madres of Nuevo Leon and 
Tamaulipas at an elevation of about 6000 feet These are 
crossed by the carriage routes from Tula to Tampico 
(highest pass 4820 feet), from Saltillo to Monterey (3400), 
and at several other points 

Of the central cross ridges the most important orogra 
phically and histoncally 1s the Cordillera de Anahuac,° 


1 The results of these surveys are embodied in the Carte du Mexigque, 
scale 1 3,000,000, published at Pans in 1873 
2 In the steepest pats the mean 1s 2 51 in 100, or 1834 feet to the 
mile The exact elevation of the cupital above the sea at Vora Cruz 
appears to be 7550 feet, or 80 more than Humboldt’s estimate 
The term Anahuac, meaning in Aztec “‘ near the water, seems to 
have been originally restneted to the central lacustrine basin of 
Tenochtitlan But when the Aztecs reached both oceans they extended 
1 to the Pacific coast between Tututepec and Guatemala (Anahuac 
Ayotlan), and to the Atlantic coast between the Alvarado and 
Tabasco mvers (Anahuac-Xicalanco) The onginal use of the word 1s 
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which surrounds the Mexican (Tenochtitlan) and Puebla 
valleys, and which 1s supposed to culminate with Popo- 
catepetl (17,853 feet) and Ixtaccrhuatl (15,705)4 But 
these giants belong to a different or rather a more recent 
system of igneous upheaval, running from sea to sea 
between 18° 59 and 19° 12 N in almost a straight line 
east and west, consequently nearly at nght angles to the 
main axis of the central plateau The lune 1s clearly 
marked by several extinct cones and by five active or 
quiescent volcanoes, of which the highest 1s Popocatepetl, 
lymg south of the capital nearly midway between the 
Pacific and Atlantic East of this central point of the 
system are Citlaltepetl, better known as the Peak of Orizaba 
(17,176 feet), 70 miles inland, and San Martin or Tuxtla 
(9708 feet) on the coast south of Vera Cruz, to which 
correspond on the west the recently upheaved Jorullo 
(4000 feet) in Michoacan, Colima (12,800) near the coast 
in Jalisco, and the volcamc Revillagigedo group in the 
Pacific South of this line, and nearly parallel, are the 
Sierras of Guerrero, and south of the Tehuantepec isthmus 
those of Oajaca and Soconusco towards the Guatemala 
frontier In the same direction run the islands of Cuba 
and Hayti, which probably belong to the same Central- 
American system 

Mexico 1s thus physically connected through its older 
plateau formations with the North American table lands, 
and through its more recent volcamc upheavals with the 
Central American igneous region But as 1t advances 
northwards this region loses in underground energy, hence, 
notwithstand.ng the remarkable upheaval of Jorullo m 
1759, the Mexican cones show litle signs of activity,> and 
the land 1s now scarcely ever wasted by violent earth- 
quakes Such phenomena are most frequent im the Puebla 
valley , but, although often accompamed by the peculiar 
underground rumblings known as bramidos, they are 
seldom of a destructive character The natives speak of 
them rather as temblores, or “tremblings,” than true 
tera emotos ° 


In a region where lofty ranges and plateau forma- Hydro- 
tions with steep escarpments approach almost everywhere graphy. 


to within a few mules of the coast, little space 1s left for 
the development of large mver basins Most of the 
streams are little more than mountain torrents rushing 
umpetuously from terrace to terrace seaward» Many also 


still current amongst the natives as practically syuon}mous with 
Cential Mexico Asa strictly geographical expression it 1s yaguely 
and often incorrectly used by modern writers 

4 ‘Lhis elevation 1s based on the calculations of Humboldt, Glennie, 
and Gerolt but in 1857 Sonntag assigned an extreme height of over 
17,000 feet to the highest peak of Ixtaccihuatl Popocatepetl is usually 
supposed to be the highest pomt of North America, but the recent 
United States surveys have transferred this honour to Mount Ehas on 
the Alaska coast, which appears to be certamly over 19,000 feet ngh. 

® Popocatepet] emits smoke, whence its name, meaning in Aztec 
“*Smoking Mountam, from popoca ‘ to smoke, and ¢epetl ‘* moun- 
tam Since the conquest three eruptions have been reported (1519, 
1539, 1540), but the geological evidence seems to mdicate that 
there has been no volcanic action for thousands of years Orizaba, 
whose native name means ‘Star Mountain, has been quiescent since 
1066 Colima still frequently ejects ashes and smoke, but both 
Jorullo and luxtla are qmescent the last having been silent since the 
violent eruption of March 2 1793 Even the Mal pxys, or hot die 
trict round Jorullo, has cooled down, and 1s now wgain clothed with 
vegetation 

* Tt 18 noteworthy that the seismic waves flow normally along the 
indicated line from exst to west, thereby confirming Humboldt s view 
that unde: about 19° N there 1s a deep rent in the earths crust, 
through which at different periods the underground fires have broken 
at vallous points between the Gult of Metico and the Revilla- 
oigedo gioup ** Only on the supposition that these volcanoes, which 
are on the surface connected by a sheleton of volcame rocks, are also 
united unde: the surface by a cham of solcanic elements in continual 
activity, may we account for the earthquakes which in the direction 
mentioned cause the Amencan continent, from the Gulf of Mexico to 
the Pacific Ocean, to oscillate at the same time’ (Egloffstein, p 37}, 
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flow through the profound rocky gorges or barrancas, as 
they are here called, which form a characteristic feature of 
the Mexican table lands! On the east side some of these 
barrancas, here running mostly west and east, attain depthg 
of 800 to 1000 feet in the unfossilferous lmestones of 
that region , and even on the west coast the De Beltran 
cafion is flanked by sheer rocky walls over 500 feet high 
Hence the nvers are almost useless for irmgation purposes, 
and available as means of communication only for short 
distances in their lower reaches, where they flow through 
the narrow alluvial strips of level coast-lands to the sea 
Even the Rio Grande del Norte, which 1s by far the 
largest, and which forms the frontier line between V{exico 
and Texas, 1s navigable by large vessels only for a few 
mules above its port of Matamoras The Rio Grande de 
Santiago, the largest on the Pacific side, is almost every 
where obstructed by falls and rapids On this coast the 
next in importance 15 the Mercala, or Rio de las Balsas, 
which, like the Panuco, Alvaredo, Coatzacoalas, Griyalva, 
and Usumacinta flowing to the Gulf of Mexico, 1s subject 
to sudden freshets during the rains 

At this season the waters which find no seaward outlet 
are collected in the depressions of the plateaus, where 
extensive tracts remain flooded for several months at a 
time But thcse lacustrine basins of the Anahuac and 
Chihuahua table lands, standing at elevations of from 4000 
to 7000 feet, are, by evaporation under semi tropical suns, 
rapidly reduced to their normal level The diminished 
size of the inahuac lakes shows that since the conquest a 
steady process of desiccation has been going on, due prob 
ably to the reckless destruction of the upland forests by 
the European scttlers None of these lakes are of great 
size except Lake Chapala, which 1» traversed by the Rio 
Grande de Santiago, and has a reputed area of about 1300 
square miles Amongst those of the plateau especially 
noteworthy for their magnificent scenery are Tezcuco and 
Chalco, in whose sparkling waters are reflected the sur 
rounding volcanic peaks and extinct craters of the Anahuac 
table land, with a background formed by the Cordilleras, 
whose snowy summits rise here and there high above the 
dark pine forests of the lower slopes 

In the higher ranges the prevailing formations are 
granites, which seem also to form the foundation of the 
plateaus, above which rise the traps, basalts, mineral 
bearing porphyries, and more recent lavas Hence Lyells 
theory that Mexico consisted originally of granitic ranges 
with mtervening valleys subsequently filled up to the level 
of the plateaus by subterranean eruptions Igneous rocks 
of every geologic epoch certainly to a large extent form the 
superstructure of the central plateau But the Mexican 
table land seems to consist maimly of metamorphic forma 
tions, which have been partly upheaved, partly inter 
penetrated and overlaid by igneous masses of all epochs, 
and which are chiefly represented by shales, greywacke, 
greenstones, silicious schists, and especially unfossilferous 
limestone All these formations are alike remarkable for 
the abundance and vanety of their mctalliferous ores, such 
as silver, silver glance, copper, and gold Gneiss and 
micaceous schists prcvail in Oajaca and on all the southern 
slopes facing both oceans But the highest ranges are 
formed maily of plutonic and volcanic rocks such as 
granites, syenites, diortes, mineral bearmg  trachytes, 
basalts, porphyries, obsidian, peailstone, sulphur pumice, 
lavas, tufa, and other recent soleame dischar.es Obsidian 
(2th) was the chief matenal formerly used by the natives 


1“ Near the mountain ranges, from which the water after heavv 
rains rushes down in innumerable forest streams these ravines are 
filled with mcredible rapid tv as high as 80 feet —the torrent importing 
(ste) trees and bearing away rocks with a thundering noise and 
irresistible puwer ” (Egloffster p 22) 
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in the manufacture of their cutting implementa, as shown 
by the quarries of the Cerro de las Navagas (“ Kmfe Chit *) 
near Zimapan Vast deposits of pumice and the purest 
sulphur are found at Huichapa and mn many of the craters. 
But immeasurably the most valuable rocks are the 
argentiferous porphyries and schists of the central plateau 
and in Sinaloa, unless they are destined to be rivalled by the 
auriferous deposits of Sonora? Horizontal and stratified 
rocks, of extremely limited extent in the south, are largely 
developed in the northern states, and chalk becomes very 
prevalent towards the Rio Grande and Rio Gila valleys. 
To this chalk and to the sandstones are probably to be 
referred the sandy plains which cover vast tracts in North 
Mexico, stretching thence far into New Mexico and Texas. 
Here the Bolson de Mapim, a vast rocky wilderness 
inhabited only by wild tribes, occupies a space of perhaps 
50,000 square miles in Coqhuila and parts of the surround- 
ing states 

None of the horizontal layers seem to be very rch m 
ores, which are found mainly in the metamorphic, paleozerc, 
and hypogene rocks of Durango, Chihuahua, and the south. 
Apart from Sinaloa and Sonora, which are now known to 
contain vast stores of the precious metals, nearly all the 
historical mines le on the south central plateau at eleva- 
tions of from 53500 to 9500 feet A line drawn from 
the capital to Guanajuato, and thence northwards to 
the mimmg town of Guadalupe } Calvo in Chihuahua, 
and southwards to Oajaca, thus cutting the main axis 
of upheaval at an angle of 45°, will intersect probably the 
richest known argentiferous region in the whole world 
The central group of mines in the three mimeral districts 
of Guanajuato, Zacatecas, and Catorze (San Luis Potosi), 
which have yielded more than half of all the silver hitherto 
found in Mexico, he between 21° and 24° 30’ N , within an 
area of about 13,000 square miles Here the Veta Madre 
lode of Guanajuato alone produced £504,000 hetween 
1556 and 1803, besides £10,000 of gold This metal, 
however, occurs chiefly, not on the plateau in association 
with silver, but on the slopes facmg the Pacific, and 
apparently in greatest abundance in Sonora, near the 
auriferous region of New California In recent times over 
half of the silver produced in the whole world has been 
supplied by Mexico, and the total yield of the precious 
metals between 1537 and 1880 was as under 3— 
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1087 to 1821 «£14,000 000 | £418 000,000 | £432,000,000 
1821 to 1880 | 10,000 000} 180,000,000 | 190,000,000 
| £24,000,000 | £598,000,000 | £622,000, 000 


Total 





Of other minerals the most important are copper, found 
ma pure state near the city of Guanajuato, and associ- 
ated with gold m Chihuahua, Sonora, Guerrero, Jalisco, 





2 On the general character and distribution of the igneous formations 
Von Egloffstein remarks ‘‘ Intimate relations exist between the 
metalliferous and non metalliferous porphynes The metalliferons por- 
phyry 1s Jess frequent but constitutes the most important formation, 
hearing the precious metals, embracing the rich lodes of Real del- 
Monte, Pachuca, (hico Capula, and Santa Rosa, all of great nchness 
and magnitude They further form the muneral districts of Augan- 
gueo, Or., Huautla &c and part of the mountains of Zimapan and 
Istapa del Oro The Jodes found 1n this porphyry are characterized 
by their magnitude and the consistcncy cf the ores they contain. 
The richest ores of native silver and sulphuret chlonde, and onde of 
silver are found im the Jodes of Real del Monte Pachuca, and Santa 
hhosa The gold seems to exist in small particles in the meta 
morphic porphyrv mountams, whence 1t 18 carmed by the rains to the 
valleys as the rocks become disintegrated ’ (pp 6-8) 

3 Times correspondent, December 7 1882 Guanajuato seems to be 
sull the greatest producer, yielding from £1,500,000 to £1,750,000 
yearly, although the great Valenciana mine 1s flooded, and of the hun- 
dred upeued only fifty-two are now worked (Geiger). 
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Michoacan, and elsewhere, iron m immense masses in 
Michoacan and Jalisco, and in Durango, where the Cerro 
del Mercado 1s a solid mountain of magnetic iron ore, lead 
associated with silver, especially m Odajaca, tin m 
Michoacan and Jalisco, sulphur in many craters , platinum 
recently found im Tlaxcala and Hidalgo, cmnabar also 
recently m Morelos and Guerrero, “steppe salt” m the 
sandy districts of the north, “bitter salt” at Tepeyac, 
coal in limited quantities at various points, bismuth in 
many parts, marble, alabaster, gypsum, and rock salt in 
great abundance throughout the plateau and the sierras In 
1882 there were open altogether 569 mines —541 silver, 
14 gold, 4 copper, 4 lead, 3 salt, 2 coal, and 1 mercury ! 
Intersected about midway by the Tropic of Cancer, 
and stretching across seventeen parallels of latitude, 
Mexico, from its position alone, necessarily enjoys a great 
diversity of climate But from its peculiar configuration 
this feature 1s affected far more by the relief of the land 
thap by its distance from pole or equator This 1s especi 
ally true of the more fertile and populous section lying 
within the torrid zone, where three distinct climatic regions 
are distinguished, not according to their horizontal, but 
according to their vertical position The temperature 
falling steadily with the elevation of the land, which here 
rises rapidly from sea level to nearly 18,000 feet above 
the surrounding waters, the low lying coast lands, up to 
about 3000 feet on the scarps and terraces of the central 
plateau, are comprised within the first zone of terras 
calrentes, or “hot lands” With this zone are included 
all the sandy and marshy tracts frmgmg the Gulf of 
Mexico, the lower slopes facing eastwards and exposed to 
the hot and moist winds from the Caribbean Sea, and most 
of \ucatan and the Tehuantepec isthmus, besides the 
narrow strip between the uplands and the Pacific which 
broadens northwards along the east side of the Gulf of 
California Here the mean temperature varies from 77° 
to 82° Fahr, seldom falling below 60°, but often rising to 
105°, and in the sultry districts of Vera Cruz and Acapulco 
to 110° The extreme north western parts of this region 
come almost within the rainless zone, and the Californian 
penins ila itself 1s subject to excessive droughts, rendering 
it almost umnbabitable But farther south the climate 
on both seaboards may be described as humid, hot, and 
erytremely unhealthy, especially for Europeans Yellow 
fever and black vomit are here endemic But these 
scourges are at least compensated by a magnificent tropical 
vegetation and extensive virgin forests abounding in 
valuable timbers, dyewoods, and medicinal and other 
useful plants Of the 114 species of trees and cabinet 
woods, 17 of oi] bearing plants, and over 60 of medicinal 
plants and dyewoods indigenous to Mexico, and often 
differing specifically from kindred varieties in Central 
and South America, by far the larger part are repre 
sented in the tierias calientes Amongst the most im 
portant of these forest plants are mahogany, rosewood, 


1 Lorenzo Castio Vexwo i 1882 According to this authority the 
total yell of the Mexican mines between 1937 and 1880 was 
£776,276 000, while another cstimate based on 2 1eport of the 
Mexican mint gives it at £930 786,000 Of this a large amount hw 
been coined m Mexico, where there were eleven mints at work in 1876 
with a total annual yield of about £5,000 000 The total coimage 
since the conquest has been estimated as high as £600 000 000 not 
more than 5 percent of this being gold With regard tocoal, the ex 
astence of which in Mexico has becn recently demed by Mi Bigelow in 
Harper's Magaztne, offiual retuins tor 1882 give 4 list of over twenty 
places where 1t has been found, though nowhere a jet in Juge quan 
tities Pctroleum also appears to be very abundant in_ several 
localities Amongst other natuial products mention should bi made 
of amber, found on the Yucatan coast Muneral springs are ver} 
numerous everywhere on the plateaus and terrace lands The most 
famous are El Pefion and N Sefiora de Guadelupe near the capital, 
and Agnas Calientes farther north 
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copal, caucho (india rubber), jalap, sarsaparilla, and vanilla, 
Here also maize, supplying the staple food of the people, 
yields prodigious returns, multiplying from two hundred 
to four hundred fold, and affording two, three, and even 
four successive cops within the year Rice, indigo, cotton, 
tobacco, and coffee all thrive well, while sugar, cocoa, the 
banana, and several varieties of beans are largely cultivated 
The tobacco of Vera Cruz and Tabasco, the coffee of Colima, 
and the cocoa of Oajaca and Chiapas are of unrivalled 
excellence 

To the “hot lands” succeed im veitical position the 
trerras templadas, or “temperate lands, which compmise 
all the hngher terraces and the central plateaus themselves 
between about 3000 and 8000 feet With a mean tempera 
ture of from 62° to 70° Fahr, and oscillating between 
such moderate extremes as 50° and 86°, this region enjoys 
one of the very finest climates on the globe The Puebla 
and Anahuac tablelands are described by enthusiastic 
travellers as “terrestrial Edens,” with a perennial spring 
symbolized by the evergreen oak, cedars, and many 


| analogous plants, which here attain ther greatest perfec- 


tion The transition from the lower zone 15 often very 
gradual, and, while endemic fevers cease altogether at 
altitudes of 2700 and 26800 feet, the tropical flora mmvades 
many parts of the terrace lands, and even of the plateaus 
to heights of 4000 and 5000 feet? A certain uniformity 
is thus imparted to the Mexican landscape by the wide 
range of the maize, wheat, tobacco, vine, coffee, and other 
plantations, as well as by the palms, evergreens, mango, 
olive, orange, lemon, yucca, and an endless variety of the 
cactus family, one species of which forms hedge» 20 feet 
high on the Anahuac uplands The central zone 1s on the 
whole drier than the southern lowlands, although the 
scarps facing seawards are often wrapped in the fogs and 
mists of the imtercepted moisture charged atmospheric 
currents The heaviest recorded rainfall (90 to 100 inches) 
occurs in the healthy Huatusco district of Vera Cruz, at 
an altitude of 4300 feet 

In the hnghest zone of teerras frase or “cold lands,” 
embracing all the highlands from about 6000 feet upwards, 
the rainfall 1s five times less thon cn the tierras templadas 
Hence snow rest» throughout the year only on the four 
most elevated peaks of Popocatepetl, Onzaba, Nevada de 
Toluca (15,000 feet), and Ixtaccihuatl Charactenstic 
both of the tierras frias and templadas 1: the maguey 
(Agave mexicana), whose fruit 1s edible, and whose 
fermented juice has from time immemonial supplied the 
famous pulyue, or national beverage of the Vlexicans. 
From the fibre of the heniquen, an allied species, 1s pro- 
duced the “Sisal hemp of commerce, which has im recent 
years become the staple export of 1 ucatan 

Speaking generally, the four seasons are cleirly marked 
north of 28° N lat only South of that parallel they 
merge in the esfacion de las aguas, or rainy season, from 
May to October, and the estacron seca, or dry season, which 
prevails for the rest of the year The 121ns generally 
begin on the eas‘ coast, gradually moving westwards In 
the Pacific the moist atmospherx currents ale deflected 
northwards, whence the striking contrast between the 








2On the Amupas }latew which stretches south of Popa itepetl at 
amean height of 5000 to 5400 teet ‘ coffee sugar, and in ligo ate culti 
vated, and most of the tropical fruits grow luvunantl, (Fzloft tein, 
p 17) The same authonty gives the limits of vegetatton in this 
region at 12,614 feet, ani the snow line at 14 960 feet He observes 
that “‘ nothing 1s more surprising to the traveller than the vaneties of 
climate unde: this zone, which vary accor fing to the liflerent elevations 
bove the sea Ina few horis we dexended from tl. « 11 regions of 
the fir and the oah, on the ‘leights of Ozumba, to ah t climate, terra 
caliente, where we found the most luxuriant vegetation, passing m 
that short trme through successive changes of the mast diversified 
apecies of trees, plants, birds, insects (p 22) 
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wooded slopes of British Columbia and the treeless crests 
of the and Lower Californian penmsule 

In its fauna no less than m its flora Mexico forms 
a land of transitiun between North and Central America 
In common with the north it has several varieties of the 
bear, the wolf, coyote, skunk, bison, squirrel, beaver, 
marten, otter rattlesnake, heloderm,! mocking bird, and 
jnany wild fowl while its monkeys (five species), puma, 
jaguar, ocelot, sloth, tapi, alligators (two species), iguana, 
boa, scorpions, tarantulas, and numerous brilliantly coloured 
parrots, trogons, and hummung birds connect it with the 
southern regions Peculiar to Mexico, and distinguishing 
it from most tropical and subtropical lands, are its song 
sters, of which, besides the mocking bird (zeuczontl), as 
many as twenty species have been enumerated The 
coasts are wcll supplied with fish and turtles, while the 
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equal sum represented the 1mports, the leading items of which were 
cotton, linen, silk, and woollen goods, metals, hardware, machinery, 
and provisions Although diplomatic and consular relations with 
Great Britam have been suspended since 1867, that country still 


abou! Eke % : ; 
in descending order, 1s the trade with the United States, France, 
Germany, Spain, and Columbia 

Probably four fifths of the exchanges now y.83 through Vera 
Cruz, which, since the opening of the railway to the Anahuac 
plateau, has become the natuzl out port of the capital and all the 
central states It 1s connected by several limes cf oceap steamers 
with Liverpool, Southampton, St Nazaue, and the Atlantic States 
of North Amenca On the Pacific seaboaid, where the trade 1s 
largely in German hands, Acapulco and the other ports also enjoy 
regula: steam communication with San Francisco and Panama No 
acculate returns ale availible of the shipping, but the yearly 
arrivals m all the Mexican ports are stated to average about five 
thousand,—not more than one fifth under the notional flag 


Till recently the means of internal locomotion were mainly Com- 
limited to the wretched bridle piths from the central plateau over mumice 
the sierras and terrace lands down to a few points on both coasts, tion 


pearl fisheries of the Gulf of Calforma continue to be a 
source of wealth to that otherwise unproductive territory, 


Agneul- 
ture, 


Indus- 


tries 


yieldmg in 1575 peatls to the value of £16,000, and 
£28,000 worth of shells All the European domestic 
animals thrive well, and vast herds of cattle, horses, and 
sheep are found on the wellstockhed ranchos of the 
northern states Here some of the more prosperous 
breeders own from twenty to thirty thousand head of 
oxcn, and next to the precious metals hides and cattle 
are among the chicf articles of export 

But in the south stock breeding yields everywhere to 
agriculture as the chief occupation of the people Bemg 
largely volcanic, the soil 15 here extremely fertile wherever 
water can be had in sufhuent quantities for umgation 
purposes Neat to maize, which with beans and chilli 
forms the almost cxcluxive food of the Indians, the most 
important crop 1s probably sugar, of which over 60 million 
pounds are annually produced in the state of Morelos alone 
Coffee 1s extensively cultivated on the lower slopes, and 
now exported in considerable quantities, especially to the 
United States The tobacco and cotton crops are yearly 
mcreasing in importance, while from the maguey 1s 
extracted, besides pulquc, a spirit called mezcal to the 
annual value of about £750,000 The aborigines are 
partly employed as free lahourers on the plantations, and 
partly hold small plots hable to a hght Government 
ta. The food crops thus raised were valued in 1873 
at £14,500,000, the agricultural produce at £30,000,000, 
and the landed property at £45,000,000, but the last 
item was estimated by the minister of finance at fully 
thrve times that sum = The value of arable freehold land 
was stated in 1&e2 to be from £1 to £3 per acre, accord 
Ing to its proximity to or rem steness flom rivers 

Of the indus‘nics strictly so cule] those directly connecte 1 with 
agncultural intersts have al nea quuel any ccnsideral le dav 
ment Such are suzu refining carmed on ona vast scale espe 1 
alvin Mcreles brewing an] distilling chiefly fem mazuey paper 
making frm yarlous pulps and fibres gust mills ind saw mills 
espec ally im Puebla Querctaio Guadalajaa and Saltillo A few 
ion foundries have been at work for some years and stout han] 
woven cotton ind woollen tabirs are produce 1 in many of the lage 
towns = ‘The 1¢be205 (shawls) of Leon and Sals vticrra have a wile 
repute while Teacoco and Puebla are noted for then porcelain and 
glass ware Among the jetty mdustres are clay and 1g figuies 
artificial flowers wcoden toys, and gold filigree work mi the pr du 
tion of which the natives often disylay rem irkable taste and skill 

But all these manufactured wars are soluly mtcn lel to supply 
the local wants so that the exports have hitherto be u restnicted 
almost exclusivcly to the aad of the land ani ct the mines 
Of the former the chief items awe coffer Sisil hemy tchaceo 
hides, lumtcr, cochmeal indigo and other dyes susapariila, 


and to twenty four regular lines of diligenccs under one maniige 
ment But since the completion of the line from Veia Cruz to the 
capital, with a brinch to Puebla, the Mexican rulway system has 
acquired a consideiable development The Inter Oceanic line across 
the Tehuantepec isthmus 1s 1n progress, the Great Central Trunk 
line running northwards though Chihuahua will ere long effect a 
junction with the Noith American net wo1k, and at the end of 1882 
there had been opened to trafic altogether 2219 mes For that 
year the number of passengers carnied was 8,250,000, and of mer 
chandise 273 million tons, with net earnmgs £940,000, or £800 per 
mile Still more developed 1s the telegraph system, which 1s now 
extended to all the state capitils, and through the Mexico Mata 
moras line to the Umited States and the rest of the world The 
8150 mules open in 1882 forwarded 750,000 messages, or in the 
proportion of 8 per 100 inhabitants 


For the sime yer the estunated revenue was £6,140,000, Finance, 


and expenditure £6 300000 The foreign debt 19 stated to be 
£19,600,000, and the internal about £10,000,000, or altogether at 
the 1ate of £3 per head of the population Mos* of the foreign 
dcbt 1s owned in Fngland, but the British clarms had long been 
practically repudiated by the Mesican Government At the end of 
1882, however, a semi official suggestion ws made that a settle 
ment might be effected by Mexico piying 1 per cent on the 
capital for the fust ten years, 2 for the second, and 3 there 
afte: the whole sum, amounting to £16,000,000, to be liquidated 
in fitty years- The revenue is chiefly de1ived from the customs, 
and about £1 750 000 of the expenditure 1s absorbed by the amy, 
the peace fcoting of which 1s 22 500 men of all arms Beyond a 
few coastguard steamers maintuned mainly fc1 revenue purposes, 
there 1s no navy An indication of financial Impros enicut 18 
afforded by the establishment 1n 1882 of the Mex1can National Bank 
by a French company with a capital of £4,000 000 This bank 1s 
j nvileged to 1s.ue paper money up to £12,000 000, 1n 1etuin allow- 
ing the supreme executive to overdraw their account up to 
£2 000,000 A further symptom of revival 19 presented by the 
increasing business of the general post office, which in 1880 
forwarded 4 406 000 letters and packages through 873 offices 


Tducation also has made mathed progress since the final Educa- 
In that year the old tion. 


separation of church and state m 1857 
university of Mexico a purely ecelestastical institution after the 
model of Salamanciand the Sorbonne, wasabolished, or1athaw1s16 
pliced by special schools oflin, medicine, letters, agriculturc, mines, 
sciences, fine arts, and commerce, snd 2 military college These, 
as well as numezons lower schor's, includi g two hundied im the 
capital alone reall maintaincd hy the state, while naticnal schools 
am supported by public grants in all the large towns, and highcr 
institutions in the capitals of the sevcril stites These are 
in all nearly five thousand pul lic schouls besides establishments 
for the dcaf and dumb the blind and juvenile delinquents, and 
numcrous chartal le foundations maintuncd ty voluntary contn- 
butions. 


Roman Catholicism, which undo the Spanish rule was alone Religion, 


tolcrated, continued after the sy aration to te the state rehimion 
till 1857 Since then, while all churches cnjoy cqual protection, 
none are officilly recogmzed The great myouty of the Indios 
Jideles, mestizoes, and creoles still adhere it least outwardly to the 


vanilla, oichil india rubber But the precious metals still continue Roman Church, which 15 admunistered by 2 hiqarchy of three arch- 


to constitute fully two thinds of all the ¢ ports which m 1882 had 
a total cstimated 1 ue of about £6,000,000 In the same year an 


1 A specimen of this curious creiture, the only kncwn venomous 
hzard (Helode mo suspectum), rerched the London Zoological Gardens m 
1882, its habitat 1s the north of Mexico, and New Mexico, Arizona, 
and Texas 








bishops (Mexico, Morcha and Guadalajara) ind twelve bishops. 
But by the organic laws of 1856 und 1849 all ccclestastic il estates, 
at onc time comprising ovcr onc thud of the soil, wert nationalized, 








? This advance towards 4 settlement was put forward im the Zwo 
Republics ot December 5, 1882, 8 Mexican journal which reflects 
the views of the Government on all matters of foreign policy. 
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the regular clergy suppressed, and their monasteries, together with 
all other superiluous ecclesiastical structures, appropriated by the 
state During the last few years American Piotaatant mIssions 
have claimed some partial success and the so called Church of 
Jesus, an undenomunational body of a somewhat orginal type, 
has found a number of adherents especially on the Anahuac table 


land But the Jndvos braves, or uncivilized aborigines, ev 


follow the old spit worship while the Chnistiamty of the Fideles 
1g little more than a cloak for the continuous practice of the former 
Aztec heathenism The pomp of the Roman mtual 1s supplemented 
by the feasts of the national worship and the Pagan derttes of the 
old cult are still represented by the sunts of the Roman calendar } 

Mexico constitutes at present a confederation of 
states modelled on that of the North Amencan Umon, 
and administered according to the constitution of 1857 as 
amended in 1873-74 By popular suffrage are chosen the 
president, the upper house (fifty two members) and the 
supreme Judiciary for four years and the lower house (two 
hundred and twenty scven members) for two years The 
senate, abolished m 1853, was restored in 1874, and 
the ghief justice 13 ex fic vice president The federal 
states, which are divided ito a number of administrative 
districts, enjoy full autonomy 1m all local matters The | 
several constitutions are modelled on that of the central | 
government, and hke it comprise three depaitments— 
legislative, executive, and judicial ach state 1s 1epre 
sented im the federal congress m the proportion of one | 
member for every 80,000 mhabitants and in the federal 
senate by two members elected by suffrage m the local 
congress All caternal affairs and questions of general 
mterest are reserved for the central government The 
constitution as now established thus represents m theory 
the complete overthrow of medievalism, and the absolute 
triumph of the new ideas which im the Old World are 
still in so many places struggling for the ascendency 

It 1s this struggle between privilege and po} ular 
nights that lends its human interest to the otherwise 
monotonous record of unresisted oppression and apparently 
aimless revolutions which charactcriz. the early and the 
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with a people of superior culture This fusion, which may 
be regarded as the chief outcome of the colomal admin 
stration, has contributed to the formation of the present 
exceedingly complex Mexican nationality, m which the 
Indian continues to be the predominating element Taking 
the whole population at less than ten millions, its ethnical 
distmbution appears to be at present as under — 


1 Full blood Indians 5 000,00C 
Q Mestizoes (half caste Indians and whites) 3 000 000 
3 Creoles (whites of Spanish descent) 1 500 000 
4 Gachupines? (Sprmards by birth) 30 000 
5 Other kuropews and Americans 100 000 
€ Tull blood negroes 10 000 
7 Zambos or ‘ Chinos (Indo Africar s) 4 000 
8 Mulattoes (Eurafiicans) 5 000 


Under the Spanish admunistration, which was marked on 
the surface by few stirrmg events such as warlike expedi 
tions, civil strife, or serious internal troubles, Mexico, or 
New Spain, formed a viceroyalty at one time stretching 
from the isthmus of Panama to Vancouvers Island 
Antonio de Mendoza, appointed in 1535 after government 
by audven vas had proved a signal failure, was the first of 
sixty four viceroys who ruled with almost autocratic power, 
but scarcely any of whom has left aname m history Don 


, Juan de Acuna (1722-34) 1s mentioned as having been the 


only native American among them and Don Juan V G 
Pacheco (1759 94) had at least the merit of betraying 
some regard for the social welfare of his subjects Under 
him a .egular police the hghting and draimmg of towns, 
and other municipal improvements were troduced 

But down to the early years of the present century all 
emoluments in church and state most of the large planta 
tions, of the mines, and of the commerce of the country, 
continued to be monopolized by the privileged gachupines, 
whom the creoles and mestizoes had already begun to regard 
asaliens Hence the first rcactionary movements stimulated 
by Napoleons deposition of hing Ferdinand and arrest of 
the viceroy Hurigaray in 180% were aimed rather against 


later periods of Mexican history from the overthrow of the odious clays distinctions and the intol able oj pression of 


native rule down to the present day 
period covers exactly thice hundred yc us —from the death 
in 1521 ¢t Guitcmozin List of the Aztec empaors, to the 
withdraw al of the last Spanish viceroy Don Juan O Donoyu, 
in 1821 Dumng these three ccnturies the attitude of the 
masses was one 1ather of sullen submiss on thin of active 
resistance to yrinding oppression 
ment Mcaico was looked on merely as a vast metalifcrous 
region, to be jealously guarded agamst foreign mtrusion 
and worked exclusively for the benefit of the crown The 
natives wer cvangelized chiefly for the purpose of being 
employed 14 slaves vbove and below ground and thus ws 
introduccd from the West Indics the system of repute 
meentos, or distribution of the aboriines on the plantations 
and in the inmes = But while this system proved fatal to 
the natives of Cuba and H1y ti, where it had to be rey laced 
by negro labour the hardier populations of the Anihure 
plateau successfully resisted ity bhohting influences It 
proved in fuct more disastrous to the oppressor thin to the 
oppressed In those days Spun was comn only comp acd 
toa sieve, never the chu for all the houndkss wealth 
drawn from the Ncw World But the rborzines denved 
at least some advantage from contact md putil fusin 


1On the gon ral stete of rcheion in Meus b te w Il reriatl — 
“The eda at 1 cies onform tothe utwal cern i rior 
nances of the chuich, while nwu lly beheving httle 1t thu, cf it 
dogmas The ] wer grales of souety ue cn the cther h nl teczed 
m the most giovelling suzerstitim imtensth Uy min tiibt nal 
Indian reminiscences This section f the conimumty yell vthnt 
obedience to the clergy notwithstan hng the severe Jaws with which 
the Government has endeavoure! to counterat the infli.n¢ of the 
pnests Lyven so recently as 1874 a genuim ewe of witch burning 
Cccurred m Mexico "—Central Amenca, p 34 


By the Sj anish Govern 


The culy or colon] | the ¢ ahens than rgunst the vb tract ughts of the Spanish 


awn Lhe Img smouldenmy spuit ct discontent it last 
broke int) open revolt im 1S10 at Guininato under the 
lradeiship of Don Miguel Hidalgo = Vite: his deteat and 
exccution in 1S11 the strugzle ws continued by Morelos, 
who like Hidalgo, was a yriest and shared his fate m 
1515 But he had already called 1 national assembly at 
Chilpanzinco and by this body Vexican independence was 
for the first time proclaimed nm 1613 A guemila warfare 
keyt the national sjimt alive till a fresh stimulus was 
mven to it Ly the Spamsh revolution of 1820 Under 
the leadership of the ‘Liberator Iturbide, Mexican mde 
pendence was 2gain proclaimed on February 24 1421, and 
the same jear the capital was ourtendered by O Dongyu, 
the last of the viceroys But cven after the revolt had 
thus been crowned with success a change of pri sonnel 
rither than of system was contemplated nor was Iturbide 
proclaimed emperor until the Venn crown had been 
duchned by + royal prince of Spain 


\lmost simultaneous) with this event the republican Penod of 


standard had been raed by Santa Anna at Vera Cruz mdepend 


(December 1822) 
of forcign rule than it became torn by internal dissension 
But henceforth the struggle 1s not s0 much against the 
pusileged classes as between Conservative and Libel 
yuneiples—the former represented Chiefly by the church 
and the superstitious populace, the Iitter by the more 
enlightened but not less unscrupulous sections of the com 
munity From both the Indios Brayos, thit 1 abcut a 
third of the whole population, hold entirely alot and take 
advantage of the public disorders to continu: then aggres- 





*}rom the Aztec Gatzopin, centaur, also known as Ch wetones 


Thus the nation had no sooner got nd °* 
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sive warfare against Ul alike? vents now follow in quick 
succession, and ay miny as thee hundred successful o1 
abortive revolutions are recorded during the bnef but 
stormy life of Mexican national mdependence? But amd 
the confusion of empires, republics, dictatorships, and 
military usurpations, succeeding each other with bewilder 
ing rapidity, the thoughtful student will still detect a steady 
progress towirds the ultimate trumph of those Liberal 
ideas Which he at the base of tiue national freedom <A 
brief tabulated summary of the more salient mcidents in 
this eventful struggle must here sufhce — 
1821-28 Mexican indcpenden c ahnowledged by Spam , regency 
under Iturhide, who (1822) 15 elected hereditary constitu 
tion emperor im Decemle: Sinta Anna proclaims the 
republi im Vera Cruz 
1823-24 Provisional Government Iturbide abdicates , 
with riws t) Tcudon jut returning 1s shot (1824) 
1824 Fust Tiberil constitutu n —* Actt Constitutiva dc la Federa 
cin Weaicani then comprisinz nineteen states and five 
tersitories fist president D Ich Victona, known as 
“QGuilalup Victor 
1828-30 Contested presidencies of 1ediaza Guerrero, and Busta- 
mente 
1835 Reaction of th church party constitution of 1824 abolished , 
th oitel rat stares fus Tin aconschdated republic under 
Sinta Anne wytestlent Lut pra tr ally dictator 

18% Jexasretuimy t submit secedes defeats and captines Santa 
Anni 

1837 Saath Vn retummy rcsumes oflice 

1839 Biwos bref presidency foiowea by much anuchy 

1841-44 Santa Anna ¢ first dictatorship with two others 

1844 Constitution restored with Sant. Anna president, banished 
same yeu, hers succeeded by Canalizo 

1845 Hetresa president, disastrous war with United States to 
recover Texas 

1846 Santa Anna igan president 

1848 Treaty of Gualalupc Calforma and New Meaico ceded to 
United States 

1853 Santi innissecond di tatoiship treaty of Mesilla (negotiated 
by Gidsden) ccdins Cxtensive taritory to United States and 
reducing Mexico tits present lumts great fin incial embai 
rassment ‘Plinof Ayutla , flight of Santa (una followed 
by unis etsal chaos 

1855 Provisional Govcarnment under President Comonfort 

1856 Constitutional convention, riuci icforms, iupture with 
Spun 

1857 ibe constitution of Mar h 11, suspended December 1, 
Comonfoit dictator the reaction suppoited by the church, 
luge part of the ums an] all Conservatives, opposed at 
Vora Cruz ly Vice president Banit Suarez at the head of the 
*Puros, or advanced Literals, the ‘ Wa of Reform 
begins and J wts till 1860 

1858-59 In the eaptil Comonfort 1s dcposed by Zuloaza who 
abdic ites in favoun cf Mnamon general of the Consery ative 
for cs = but dechming the presidency Miramon restores 
Zuloity Butish ligation violited an Vera Cruz the 
United Stites envoy MacIein uhnowled.es Juirez, who 
intiolu 5 further Tiheral measures 

1860 Capitulation of Guidalajua = flizht of Miramon from the 
cyitil tuumphot th Liber il» 

1861 Triumphal cntry of Juucz mtv the capital further radical 
refims, marnage declared a civil contra t cehbuy ani 
ecclesiastical tribunals suyyressed = confis at on of church 
property vaiued it £75 000 000 an 1 overathudcfthe sal, 
final scp wition cf church an] state Spam Trane and 
Ynglud urge laims f 1 losses of them suly toa adent am 
Mare ouventin tlondon aintavaiti un tthe alls, 
Who ccupy Ver. Ciuz im Decemba 

1862 Foslind aol Spam withdraw thu Cams laving been 
« ttled 1) negotiat on wa contmued ty France 

1863 64 Ih  yntal o nm 1 ty the Fren hh IT ows Nazoleon 

di uns of a univcrse) fu ton of the Latin races cffers the 

M xi mimpeniler wntothe Austrian uchduke Ferdimand 

Mavimlin wh> we pts ml arrives in June 1864 

After divers assus th Jaen h withlraw = Maximilian, 

abintdencl to his fate is capture] and shot at Queretaro 

(Jun 19) 


1In Deceu er 1882 9 j uty of scverty five Mexicans and Americans 
were massacréeu nthe state cf Clulu hue y atan! f Bravos 

~ Between 162] 1 11568 the form cf ,, verntrert was hinge 1 ten 
times, over fifty yersons suc ecdel cach oth ras yresilents dictators, 
oremperors hoth emperors were shot Iturbide in 1924 Maximilian 
in 1867, and aceorcing tosomr calculations there occurred at least three 
bundrea promuncramuentos 
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1867-69 Various pronunciamientes by Santa Anna and others 
1871-72 Juarez president , he dies 1n office July 1872 , succeeded 
by his secretary Lerdo de Tejada 
1873-74 The Liberal constitution of 1857, which had been twice 
suspended (1858-60 and 1863-67), 18 now largely amended, 
and continues to be henceforth the organic law of Mexico. 
1876 Tejada succeeded by Porfirio Diaz 
1880 Manuel Gonzalez, reining president 
Smce 1869 the Liberal party has succeeded 1n preserving peace at 
home and abroad, while establishing democratic mstitutions on a 
firm basis A v Humboldts gloomy anticipat.-n¢ wave not been 
realized, and for the first time 1n its chequered history Mexico may 
look forward with some confidence to a bnght future The plegue 
spot 1s the unciviliz dIndi1n element But with boundless natura] 
resources at its disposal, a wise administration may hoje to over: 
come that difficulty, and gradually effect a complete fusion of the 
antagouistic riciil elements 
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I THE CITY OF MEAICO 


Mexico, the capital formerly of the Aztec empire and of 
the Spanish colony of New Spain, and now of the republic, 
state, and tederal district of Mexico, stands on the Anahuac 
plateau, 7524 feet above sea level, 24 miles from the south- 
west side of Lake Tezcuco (Texcoco), the lowest and largest 
of 513 basins filling the deepest depression in the hill enurcled 
Mexican valley Situated in 19° 25 45’ N lat and 99° 7’ 
W long, it 1» 173 miles by rail from Vera Cruz on the 
Atlantic, 290 from Acapulco on the Pacific, 265 from Oajaca, 
&63 from Matamoros on the United States frontier Mexico 
15 the largest and finest city in Spanmsh America, forming 
vsquare nearly 3 nulcs both ways, und Lud ont with perfect 
regularity, all its six hundred sticcts und Jincs running at 
light angles noith to south and cast to west, und covering 
within the walls an ica of about 10 square miles, with a 
population (in 1650) of 230,000 Most of the inhabitants 
are pure blood Indians or mcstizocs, but the foreigners, 
chiefly French, English, Germans, Americans, and Spaniards, 
monopolize nearly all the trade, and as capitalists, bankers, 
merchants, and dealers cnjoy an imfluence out of all 
proportion to thar numbers <A large portion of the 
natives are mendicants or vagrants, and the distinctly 
eriminal clement (26,470 in 1875) 15 kept im order by a 
police force of 1320 men, yet in that year there were as 
many as %370 kmfe attacks and 3250 robberies The 


3 Consulted shortly before Ins death as to the future prospects of 
Mexico, with which his name wis 50 intimately associated, Humboldt 
ventured. to prophesy that ‘‘ die \cremigten Staaten werden eg an sich 
retssen und dann selbst zerfallen ” 
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broad, well paved, and gas ht streets present a picturesque 
appearance with their quaint two and three stoned stone 
houses gaily painted in white, red, yellow, or green, and 
terminating everywhere with a background of rugged 
sierras or snowy peaks which, owing to the bnght atmo 

sphere at this elevation, seem quite close, although really 
30 or 40 miles distant All the main thoroughfares con 

verge on the central Plaza de Armas (Plaza Mayor, or 
Main Square), which covers 14 acres, and 1s tastcfully laid 
out with shady trees, garden plots, marble fountains, and 
seats Here also are grouped most of the public buildings, 
towering above which 1s the cathedral, the largest and 
most sumptuous church in America, which faces the north 
side of the plaza on the site of the zreat pyramidal teocall: 
or temple of Huitzlopochth, titula: zod of the Aztecs 

This edifice, which was founded in 1373 and finished m 
1657, at a cost of £400,000 tor the walls alone, forms a 
Greek cross 426 feet long and 203 wide, with two great 
naves, and three aisles, twenty side chapels, and a magnifi 

cent high altar supported by marble columns, and sur 

rounded by a tumbago balustrade with sisty two statues of 
the same rich gold, silver, and copper alloy serving as 
candelabra The elaborately carved chou 1s also enclosed 
by tumbago railings made in Macao, wetzhing 26 tons, and 
valued at about £300,000 In the interior the Doric style 
prevails, Menaissance im the exterior, which 15 adorned by a 
fine dome and two open towers 215 fect igh = (t the foot 
of the left tower 1s placed the famous calenda stone, the 
most interesting relic of Aztec cultue The east side of 
the plaza 1s occupied by the old viceregal residence, now 
the National Palace, with 675 feet frontage, contaming 
most of the Govei nment oficcs (ministerial, cabinet treasury ), 
military headquarters, archives, meteorological department 
with observatory, and the spacious hall of ambassadors with 
some remarhible paintings by Varanda and nitive artists 

North of the Nwtionil Palace, wid apparently forming 
portions of it, ue the post ofhce and the national muscum of 
natu al history and antiquitics, with a priceless collection 
of Mexican 1cmains Close to the cathedral stwds the 
Monte de Piedad, 01 national pawnshop, a useful institu 

tion, endowed in 1744 by Terreros with £75,000, and now 
possessing nearly £2,000,000 of accumulated funds 

Facing the cathedral 1 the Palacio Municipal (city hall) 

252 feet by 122, rebuilt in 1792 at a cost of £30,000, and 
contaming the city and district offices, the corporation jail, 
and the lonja, or merchants’ exchange Around the 
Plaza San Domingo are grouped the convent of that 
namie, said to contam vast treasures buried within its walls, 
the old inquisition, now the school of medicine, and the 
custom house In the same neighbourhood aie the church 
of the Jesuits and the school of arts, “an immense work 

shop, including iron and brass foundries, carriaze and cart 
mending, building and masonry, various bianches of joinery 
and upholstery work, and silk and cotton hand weaving 

(Brocklehurst) Other noteworthy buildmgs are the 
national picture gallery of San Carlos, the finest in 
America, n which the Florentme and Flemish schools ate 
well represented, and which contains the famous La» 
Casas by Felix Parra, the national hbrary of St Augustine, 
with over 100,000 volumes, numerous MSS , and many rare 
old Spanish books, the mint, which ance 1690 has 
issued coinage, chiefly silver, to the amount ot nearly 
£400,000,000 , the Iturbide hotel, formerly the 1esidence 
of the emperor Iturbide , the Minera, or school of mines, 
with lecture rooms, laboratories, rich mineralogical and 
geological specimens, and a fossil hoise 3 feet high of the 
Pleistocene period Owing to the spongy natuie of the 
soil, the Mineria and many other stauctuies have settled 
out of the perpendicular, thus often presenting imegular 
lines and a rickety appearance Among the twenty 
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scientific mstitutes mention should be made of the Geogra- 
phical and Statistical Society, whose meteorological depart 
ment issues charts and maps of unsurpassed excellence 


Besides the chief market south of the National Palace there are 
thrie others, all well stocked with meat, fish, and especially 
vegetables, fruits, and flowers grown mainly on the chinan pas, or 
floating gardens of Lakcs Chalco and Xochimilco These gardens, 
which were fat more numerous in the Aztec times, are formed b 
placing layers of tuf on the matted aquatic vegetable growths to a 
height of 2 or 3 fect above the water and securing them by long 
willow poles diiven through them to the bottom, where they take 
100+ ‘They form plots 100 to 200 feet long | y 20 to 100 broad, and 
are firm enough to support the huts of the cultivators From the 
still extant uluminated tribute rolls 1t appears that the Aztec 
1ulcrs derived 1 large share of the taxes from these gardens, which 
at that time also covered the brackish waters ot Take lezeuco 

Before 1860 half of the city consisted f chur hes convents, and 
othe1 ccclesiastical structures, most of whi h have been sequestrated 
and converted into lhibrerics stores waichcuses and evcn stables, 
o1 pulled down for civi amyrovements Nevertheless there still 
1¢mun fourteen parish and thirty other charches some of large size 
with towers and domes and their number has now been increased 
Ly six Protestant churches imcluling the Anglican cathcdial in 
Sin Francisco Street This 1s the im ling thoroughfare, and 1s 
ville 1 in splendour only by the new Cinco de Mayo Sim running 
fiom the “tional Theatr to the cathedral 

Lhe cityis supplied by two monumental aqueducts from Chapul- 
tyec and the south west, wth good water at the rate of 44 gallons 
pu dav yar mhabitant 

Its mdusties ire varied but unimportant consisting chiefly of 
pold and silvc: work, coarse glazed and unglase 1 pottery of peculiar 
f rmand o1namentation, paper f ithcr work 1emarkable for 1ts taste 
md beautiful d signs toys, rosar es, crucifics, religious pictures, 
Jace and some wow g 

Mcxico enjoys ane yuable climate with it mperature varying from 
70 to50 TF butiendered unhealthy ty the ¢«xhalations from the 
lakes and the bid drainage Lhe death ritc im 1876 was v9 per 
1000 and 51n 1878 pneumonia being most fital (12 per cent of the 
tota!) Stimding at the lowest level ot a lacustiine valley 1400 
$yuire miles in extent ani comyIctely encircled by hills with no 
nituial outlet the city his uways been subj ct to floodings from 
the overfl w of the nei,hl orig ficshwater Likes 7umpango and 
Xaltocan on then rth and \a cule and Chako cn the south 
whi h mthe 17th century lad the wh ke distii t un ler water mm 
1607 and gam f 1 five years frcm 1¢29 to 1634 1c remedy the 
evil the engimca Martincy}¢jin in 160 the seat cutting 13 miles 
}ng thioush the \N chistor, hill m iti t  diaw off the 
discharge of Lake Zumpan,o, the highest in the valley to the river 
lula a tributary of thc Pinuco flowin, tothe Atlantic This work, 
which cost the lives of 7) 000 nitaves wiscompleted 11789 but the 
result wis not satisfactory and the city is stil often flooded 

Vhe chief pubhe promenalcs aie the Alameda, planted with 
stately beeches, the Vesa slirted Ly the Ve. Canal and adorned 
with the colossal bust of Guatcmorsin, the list of the Aztec em 

| piors the Paseo de la Riforma a finc aye ue 3 miles long running 
south to the famous casth of Chajulteye a place intimately asso 
irtel with the nimes both of Montezuma and Muannhan The 
present cistle, erected in 1785 by the viceroy Galvez on the site of 
Montzuma s prlace, commands 1 superb view of the uty and sur 


Other good roids with horse o1 steam trams lead to Tacubaya and 
the Noche lint — tree, where Cortes 15 traditionally supposed to 
have rested after the disastrous ictieit from Mexico on the night of 
June 30, 1520, to the pleasant sumine suburb of Ticubaya and to 
| the renowned shrine of Om Lidy ot Guad uupe, 3 miles to the east on 
the border of Lake lezcuco Here stands the most fimous church 
| in Mexico crected t>commemorite the le.cudity appintions of the 
Madonna to the Indian Juan Dieo in December 1581 and still 
visited by thousands of yugrims o1 sizhtscers 
Mexico dates either from the year 1320 01 1327, when the Aztecs 
after long wandc1ings over the plateau were ducted by the oracle 
to settle at this spot For here hid been witnessed the auspicious 
omen of an eagle peiche 1 on a nopal (cactus) and devournng a snake 
Hence the original name of the city, Tenochtitlan (noyal on a 
stone), changed afterwards to Mexico in honou of the wir god 
Mexith With the progress ot Aztec culture the place rapidly im 
ats and about 1450 the old mud and rush houses were replaced 
\ solid stone stiuctures erected paitl, on piles ami the islets of 
Take Tezeuco, and grouped roun I the cent H en] me f the great 
tcocal1 The city had reached its hizhest spler lou cn the aruval 
of the Spaniards in 1519 when it compre! tr n v0 000 to 60 000 
houses, with perhaps 500,000 inhilitants az 1 seemed to Cortes 
hke a thing of fairy creation 1athe: thin the work of mortal 
hands (Pieseott) It was at that tume 1b ut 12 miles in circum. 
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ference, every where intersected by canals, and connected with the 
mainland by six long and solidly constructed causeways, as 1s clearly 
shown by the lan given in the edition of Cortes s letters a 
at Nuremberg in 1°24 (1cyioduced in vol iv of H H_ Bancrofts 
History of the Ia fic States San Trancisco 1833 p 280) After 
its almost total destru tion in November 1521 Cortes employed 
some 400 000 natives 1n 1cbuildins 1t on the same site but since 
then the lak 5 ms to have considerably subsided, for although 
still 50 sjua1e miles 1n extent 1 1s very shallow, and has retired 24 


MEYERBIER, Giacomo (1791-1863), first known in 
Germany as Jakob Meyer Beer was born at Berlin on 
September 5, 1791,! of a wealthy and talented Jewish 
family His father, Herz Beer was a banker, his mother, 
Amahe (xee Wulf) was a woman of hgh intellectual 
culture , and two of his brothers distinguished themselves 
in astronomy ind hiteriture He studied the } 1anoforte, 
fnst under Lianusl 1. inl wfterwud unde: Liuskhis master, 
Clementi When seven yeus Id he plryed Mozart s Con 
certo mJ) Vinor in public ind vt nine he ww pronounced 
the best pianist in Berlin For composition ne was piaveu 
under Zclter whose lessons were soon exchanged for those 
of Bernirl Weber, then director of the Berlin opera, by 
whom he wis introduced to the Abbe Vogler Struck by 
his brilhant talent Voyler invited him to Darmstadt, and 
in 1810 recived him into his house, where he formed an 
intimate fmendship with Karl Maria von Weber, who, 
though his semor by ught years, shared the daily lessons 
he received from the abbé in counterpoint, fugue, and 
extempore organ playmz At the cnd of two years the 
grand duke appomted Weycrbeer composer to the court 
His early works, however were far from successful —his 
first opera, Jephthas Gelubde, failing lamentably at 
Darmstadt m 1811, and his second, Wath und Gast 
(Alimele7) vt Viennain 1514 These checks discouraged 
him so cruclly that he feared he had mistaken his vocation 
Nevertheless by advice of Salieri, he determined to study 
vocalization in Italy and then to form a new style But 
at Venice he was so captivated by the style of Rossin that 
renouncing all thouzht of originality, he produced a suc 
cession of seven Italian operas—Homilda e Costan a, 
Semiramade riconosciut 1, Ldsua do e Cristina, Emma di 
Rosburgo Wu shernittd 1njp u I E ule di Granata, and I 
Crocratu in Lgitto—which all achieved a success as brillant 
as it was uncapected Agamst this act of treason to Ger 
man art Weber protested most earnestly and before long 
Meyerbeer himsclf grew tired of his defection, though the 
success of J/ C7 .crato was so zreat that he was crowned 
upon the stage An invitation to Pans in 1826 led him 
to review lis position fairly and dispassionatcly, and he 
could not conceal from himself the fact that he was wast 
Ing 10 Imitation powers which rightly used might make 
his name immortal or several years aftcr this he pro- 
duced nothing in yubhc, but, im concert with Scmte he 
planned the work which first made known the reality ¢f his 
tianscendent geuims—his fist French cpaa, J feat /e 
Divll Vhs gorge ous diima was } roduced at the Giand 
Opéra in 1531 and received with acclamition Jt was the 
first of its race a grand romantic opera abounding with 
scenes of startling interest, with situations more powerfully 
dramatic than any that had been attempted cither 
by Cherub or Rosyim with mysterious horrors and 
chivalric pomp, and with ballet music such as had never 
yet been heard, vven in Paris Its popularity exceeded all 
previous expcctation , yet for five years after this signal 
triumph Meyerbeer appeared before the public no more 
We cannot doubt that his motive for this rctirement was 
the determination to produce something greater still, and 


1 Oy, scoordiys to some accounts, 1794 
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miles from the city Dunng the Spanish rule the chief event was 
the revolt of 1692 when the municipal buildings were destroyed 
Since then Mexico has been the scene of many revolutions, and 
after the battle of Chapultepec (September 13, 1847) the city was 
held by the United States troops till the treaty of Guadalupe, 
May 1848 But since the disorders ending with the death of 
Maximilian 1t has turned to peaceful ways, and has become a great 
centre of civilizing influences for the surrounding sem: barbarous 
peoples (A H K) 


in some respects his next opera, Les Huguenots, really was 
greater, though 1t fell short of the deep romance which ren- 
dered Robert le Diable so comparably captivating 

The first performance of Les Huguenots took place im 
1836 In gorgeous colouring, in depth of passion, mn con- 
sistency of dramatic treatment, and in careful delineation 
of individual character, it 19 at least the equal of Robert le 
Diable In two points only did its interest fall short of 
that inspired by the eaiher work Meyerbeer had shown 
himself so yicat a master in his tieitment of the super- 
nitural that one regretted the unavoidable omission of 
that powerful element in his second grand opera, and, 
more important still, the fifth act of Zes Huquenots was so 
arranged by the librettist as to render effective musical 
treatment impossible The substitution of a noisy fusillade 
for a legitimate dramatic situation was fatal to the antici 
pated cimax The music which accompanies this division 
of the work 1s necessarily inferior to all that precedes it 
‘Lhe tiue imterest of the drama culmmates at the close of 
the fourth act, when Raoul, leapmg from the window, 
leaves Valentine faimting upon the ground The spectator 
needs not to be told that the former will be shot down the 
moment he arrives in the street, or that the latter will 
mourn for him to the end of her days Neither musically 
noi dramatically does anything more remain to be said, 
and therefore it 1s that those who quit the theatre when 
the curtain falls for the fourth time carry away with them 
a far more perfect ideal than those who remain to the end 

After the production of Les Huguenots Mey erbeer again 
retired from public view, and spent many years in the pre 
paration of two of his greatest works—the greatest of all 
except the two we have already mentioned—JL Afi ecarne 
and Le Prophete The libretti of both these operas were 
furnished by Scribe , and both were subjected to countless 
changes of detail before they satisfied the composer’s 
fastidious taste, in fact, the story of L Afruaime was 
more than once entirely rewritten 

Meanwhile Meyerbeer accepted the appointment of 
kapellmeister to the king of Prussia, and spent some 
years at Berlin, where he produced £in Feldlager wm 
S hleswen, a German opera, in which the niatchless 
cantatrice Jenny Lind made her first appearance im 
Prussia, with unprecedented success Here also he com 
posed, in 1846, the overture to his biothe: Michac] 3 drama, 
Struensee But his chief care rt this prnod wis Icstowed 
upon the worthy presentation of the works of othas He 
began by producing his dead friend Wehus Aw yanthe, 
with sc:upulous attention to the com] oscr > orginal idea 
With equal unsclfishness he procurcd the acceptance of 
Reena and Der Ihegende Hollander, the first two operas 
of Richard Wagner, who, then languishing im poverty and 
exile, woud, but for him, have found it impossible to 
obtain a hearing in Berlin With Jenny Lind as prima 
donna and Meyerbeer as conductor, the opera flourished 
brilhantly in the Prussian caqtal, but the anxieties of 
this thankless period materially shortened the composer s 
hfe 

Meyerbeer produced Le Prophete at Pans in 1849, 
and, if it did not at first create so great a sensation as Les 
[Tuguenots, this was simply because 1t needed to be better 
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known In 1854 he brought out LZ Etoue du Nord at the 
Opéra Comique, and in 1859 Le Pardon de Ploermel 
(Dworah) His last great work, L’ Africae, was in active 
preparation at the Académie when, on the 23d of Apml 
1863, he was seized with a sudden illness, of which he 
died on the 2d of May JL Afrecaune was produced with 
pious attention to the composers mimutest wishes, on 
April 28, 1865, and fully justified the expectation which 
had been raised by his long and painstaking consideration | 
of its details Upon this, m conjunction with Robert le | 
Durable, Les Huguenots, and Le Prophete, his fame now 
almost entirely rests 

Meyerbeers genius has Leen titicizcd with widely different re | 
sults Mendelssohn thought his st)le exaggerated Ictis thought 
him one of the most original geniuses of the 1ge Wagner calls 
him ‘ a miserable music maker and ‘ a Jewish banker to whom 
1t occurred to compose operas But the reality of his talent 
has been recognize! throughout all %urope and, in spite of the 
acknowled,ed crudity of his system of phrasing and the mequality 
of merit too plainly observable even in his greatest works his name 
will live so long as intensity of passion and power of dramatic 
treatment are regarded as indispensable cHaracteristics of dramatic 
music ~ (WS R) 

MEZIERES, a fortress of the first class, and the caputal 
of the department of Ardennes, Trance, 1s 161 mules to the 
north east of Paris by railway, on a peninsula of the 
Meuse, which almost entirely surrounds the town, and 
separates it from its more important suburb, Charleville 
The fortifications, which, as well as the citadel, are the 
work of Vauban, are pierced by four yates, ziving access 
to the town, the streets of which are narrow and winding 
The parish church, erected in the 16th century, contains two 
mscriptions i commemoration respectively of the raising 
of the siege of Mézéres in 152] and the marnage of 
Charles IX with the daughter of the emperor Maximilian 
II, which was celebrited at Mczeresin lo70 The north 
and south portals, the glass of the windows and the lofty 
vaultings of the church are worthy of remark The hotel 
de ville contains several interesting pictures relating to the 
history of the town The iron industry the only one of 
any importance, is bemz gradually transferred to Charle 
ville The population in 1631 was 6120 

Foun ied 1m the 9th century Mcvieres was at first only a stiong 
hold belon.ing to the bishops of Rheims which afterwards | ecame 
the property of the counts of Rethel The town wis inctewed by 
successive Immigrations of the people of Lig flying fir t from the 
emperor Otho and afterwai ls from Charlcs the Bold and also ly 
concessions from the counts of Rcthel Its walls were Lut im the 
13th century, and in 1521 it was successfully defenicl ty bayard 
against the imperialists Lhe mniversuy of the deliveran e of the 
town 1s still obscive 1 yeuly on the 27th of September The school 
of military engineering since trinsfc1ie i su cessively to Metz and 
Fontainebleau wis o1ginally founled it Mezicies 

MEZO TUR,! a corporate town in the Cis Tisian county 
of Jasz Nagy Kun Szolnok Hungary, situated on the nzht 
bank of the Berettyo, and on the railway from ‘rad to 
Szolnok, in 47° 1 N lat, 20 39 T long It has Roman 
Catholic and Calvimist churches and schools, + judicial 
court for the circuit, and the usual Government offices, but 
can boast of few buildings of spucial interest Horses 
oxen, and sheep are reared in great numbers on the wide 
spreading communal lands, which are productive also of 
cereals, and especially wheat, rapeseed, 1nd muze On 
the 31st December 1580 the population amounted to 
20,649 (10,265 males, 10,364 females) mostly Magyars 
by nationality 

MEZZOFANTI, Grusrpre (1774-1649), cardinal whose 
colloquial linguistic acquirements have become proverbial, 
was born, September 17, 1774 at Bologna, where his 
father followed the occupation of a carpenter Educated 
first at one of the “scuole pie, and afterwards at the 





1 Mezo is a Magyar word, signifying Freld, prefixed to many agn 
cultural localities in Hungary 
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episcopal seminary of his native city, he was ordained to 
the priesthood in 1797, and mm the same year became pro- 
fessor of Arabic n the university, but shortly afterwards 
was deprived on account of his refusal to take the oath of 
allegiance to the Government of the Cisalpine Republic 
In 1803, however, he was appointed assistant hbramian of 
the institute of Bologna and soon afterwards was reinstated 
as professor of Oriental languages and of Greek The 
chair was suppressed by the viceroy in 1808, but again 
rehabilitated on the restoration of Pius VII in 1814, and 
continued to be held by Mezzofanti until his removal from 
Bologna to Rome in 1831, when he received certain ecclesi 
astical appointments and the rank of monsignore Mean 
while his progress m the acquirement of languages had 
been rapid and untiring, and in 1833 he was appointed to 
succeed Mai as chief keeper of the Vatican Library His 
promotion to the cardinalate, and the duties of director of 
studies in the Congregation of the Propaganda, followed in 
1838 He died at Rome, durmg the absence of the 
pontifical court at Gaeta, on March 15, 1849 

Mezzofanti » peculiar talent comparat le 1n many respects to that 
of the numerous ‘ calculating boys wh» have been the wonder of 
their contemyoraiies was not combined with any exceptional 
measure of intellectual power and accordingly produced nothing 
that has not perished with him It seems to be well established, 
however thit he spoke with considerable fluency and in some cises 
even witl attention to dialectic peculiatitics some fifty or sixty 
languages of the most widely scpaiated families, besides having a 
less perfect acquaintance with miny others See Manavit Zsqucsse 
historique sur le Cardinal Ve ofantr Paris 1804 and hussell, 
Infe of the Cardinil Me ofanti Lonion 1857 

MEZZOTINT See Excravine 

MIAUTSF The Miautse or Veaou tsze of southern 
China are one of the aboriginal tribes of the country 
At one time they occuy1ed a considerable portion of the 
rich and fertile lands which now form the central province 
of the empire but as the Chinese advanced southwards 
they were driven lke the Aino. in Japan and the Welsh 
in Brita into the more inaccessible districts until they 
were compelled to seek refuze from the mvaders in the 
mountain ranges, in the provinces of Lunnan, hwex chow, 
hwang se, and Awang tung, where they are found at the 
present day This line of mountains extends for about 
400 miles, and, being in many part» high, steep, and rugged, 
it forms a convenient shelter for them Av early as the 
reign of hing Seuen (about 800 BC ) we read of an eapedi 
tion having been sent to drive them out of Hoo-nan, and 
since that time they have been periodically attacked either 
to punish them for misdeeds or to make them yield up 
vineyards coveted by Chinese Ahabs The last important 
campaign azainst them was undertaken by the emperor 
kh een lung, who, having completely subjugated the Eleuths, 
was desirous of bringing under his yoke these mountain 
tribesmen But the same success which had attended his 
arms in the north did not follow them to the south The 
first expedition was utterly defeated and the zeneral in 
command paid the penalty of discomfitue with his head 
‘The leader of a second expedition, having learned wisdom 
by the fate of his predecesso1, purchased the submission of 
the Miautse by a large bnbe As soon as the unsuspecting 
savages had been thus lulled into security a thud army 
Was set In motion against them This time, being unpre- 
pared, they sufftied a crushing defeat, and were compelled 
to purchase peace by swearing allegiance to thei conquerois 
But, though the Chinese thus gained sovereignty over them, 
they have simce deemed it wise to content themselves with 
but the shadow of authority No real jurisdiction is ever 
exercised over thse hardy mountameers ‘hey are allowed 
to govern themselves on their own patiiarchal system The 
old men of each tribe manage the affurs of thur jumors, 
and command an obedience which would be utterly refused 
to the mandate of any mandarin In figure the Muautse, 
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both men and women, are shorter and darker complexioned 
than the Chinese, their faces also are rounder and their 
features sharpcr In disposition, too, they are very unlike 
their civilized nughbours They are brave, passionate, 
auspicious, revengeful, and indifferent to cold and hunger , 
they arc free and easy in their manners, and are as noisily 
joyous as the Chinese are grave and sedate 


They uc divided into between forty and fifty clans, cach of which 
is distinguishicd by a name which is goucrally dauved either from 
gome physical characteristu, or fiom some custom, or from the 
habitat of the clan, as, for caample, ‘ The Black Miau = ‘‘ the 
narrow heade 1 Miau, so namcd from thei manner of dressing 
their han, the six valley Min & = Among these clans theic 
exist wide diffarences of culture some beams m no way removed 
from sas aes, Wlulcothers who hiy been biought under the influence 
of Chinese uvilization show themselves apt and icady learners 
Very few of them so far is 1b} nown, possess any written records 
The Yaou jm, or Goblin clin au sulto have books which, though 
they are now untble to 1021 they stil gud with reverent awe 
“The barbarous characters uscd in thesc books are iwcording to a 
Chinese writc: = ake knotted worms and uc utterly unimtelligible 
The ho los also uc said to be a Icttered clan but for the most pait 
the Miautse coutent themselves with conveying information and 
prosaiving rods by mews cf notched sticks — Then languagi as 
wellasthen thm. charactersti 5 prov¢ them to be closely related to 
the Siamese A\namese, Cambo liins ind the inhabitants of Haman, 

1 fact they form part of the race which 1s spread over the whole of 
south cast Indo Chma = Then soual customs are as widely 
different a thei appeiance 13 fiom those of the Chinese The 
widest latitude 1s given to the youth of both sexes mm the choice of 
their husbands and wists As among thc hill tribes of Chittagong, 
the selection 1s commonly made onthe mountunsidc, where on moon 
light nights in the = Icaping month the vouns men and maidens 
meet to sinz 01 to play at ball or todance1ound the devils staff 
(Anglice Mav pole), and to choosc then partners tor life Amonssome 
clansthe couvade isan established custom  Lheir funeral ntes 
vary accoiding to the distin ts those living within each of the influ 
ence of the Chin se having lopted than customs, while those more 
remote still hang then dead im baskets from trees or lay them in the 
ground and disintcr them yearly to wash tha bones In diess they 
arc fonl of bight colours, ani commonly wea loose but short 
Jackets sometimes with and sometimes without trousers Ihe men 
wiar tulans wound round them hai which 19 1a1sed above the 
head in the shape of a spial shell and the women cither don a 
kind of cay o1 dress their han in the shape of a1ams horn = For 
many \eals the relations of the Miautse with the Chinese Govein 
ment have been ,scnerally of a praccable niture, and in the Pehing 
Ga.ette of \pul 1581 there was published 2 new system of 
government by which it 1s hoped that the niga) Wee of the 
mountaineets into the empirc may become morc ical and complete 


See Sk t7e ofthe Vaau tse t anslatelivr C E idgnan J Ldhins The Meau 
tst Tribes th or Hust 4, and Quaint customsin hwei chow Cornhill Maya we 
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MICAH (73%) 1s the short form of a name which m 
various modifications— We wahu, We aiehuy Wuaruh—s 
common in the Old Testament, expressing as it does a 
fundamcntal point of Hebiew faith Who 1s hike Jehovah? 
The name was borne among others by the Danite whose 
history is given in Judg wu sy, by the prophet who 
opposed Ahab’s expedition to Ramoth Gilead (1 Kings 
xxu ), and by the subject of the present article, the con 
temporary and fellow worker of Isaiah, whose name 1s 
prefixed to the sixth in order of the books of the minor 
prophets } 

It 1s at once apparent that the book of Micah divides 
ttself into at least two distinct discourses, chap vi 1 
forming anew commencement, and from what we know 
in general ot the compilation of the prophetic collection we 
cannot at once determine whether the second discourse, 
which has no title, 15 to he ascribed to the author of the 
:mmediately preceding prophccy, or 1s to be regarded as an 
independent and anonymous piece To decide this question, 
if it can be decided, we must begin by a separate study of 
the earlier chapters to which the titic m Micah 1 1 directly 
belongs. These again fall into two parts Chaps 1m 
(with the exception of two verses, u 12, 13) are a predic 


1 A confusion between the two prophet. of the name has led to the 


insertion im the Massoretic text of 1 Kings xxu 28 of a citation from 


Micah 1, 2, mghtly absent from the LXX 
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tion of judgment on the sins of Judah and Ephraim. In 
& majestic exordium Jehovah Himself 1s represented as 
coming forth in the thunderstorm (comp Amos1 2) from 
His heavenly palace, and descending on the mountains of 
' Palestine, at once as witness against His people, and the 
executer of judgment on their sins. Samaria 1s sentenced 
to destruction for idolatry , and the blow extends to Judah 
' also, which participates in the same guilt (chap 1) But, 
while Samaria is summarily dismissed, the sm of Judah 18 
| analysed at length in chaps 1 and 11, 1n which the prophet 
no longer deals with idolatry, but with the corruption of 
socicty, and particularly of its leaders—the grasping 
aristocracy whose whole energies are concentrated on 
devouring the poor and depriving them of their little 
holdings, the unjust judges and priests who for gain 
| wrest the law in favour of the rch, the hirelhng and 
gluttonous prophets whd make war against every one 
| “that putteth not mto their mouth,” but are ever ready 
with assurances of Jehovahs favour to their patrons, the 
wealthy and noble sinners that fatten on the flesh of the 
poor The prophet speaks with the strongest personal 
sympathy of the sufferings of the peasantry at the hands 
of their lords, and contemplates with stern satisfaction the 
approach of the destroyer who shall cairy into exile “the 
| luxurious sons’ of this race of petty tyrants (1 16), and 
| leave them none to stretch the measuring line on a field in 
| the congregation of Jehovah (u 5) The centre of corrup- 
tion is the capital, the city of Zion, grown great on the 
blood and wrongs of the provincials, the seat of the cruel 
princes, the corrupt judges and diviners For their sake, 
he concludes, Zion shall be plowed as a field, Jerusalem 
shall he in rums, and the temple hill return to jungle 
(im 12) 

The situation thus sketched receives its elucidation from 
the data supplied by the title (2 1) and confirmed and 
rendered more precise by a remarkable passage in Jeremiah. 
According to the title Micah flourished im the reigns of 
Jotham, Ahaz, and Hezekiah, according to Jeremiah 
(xxv1 15 sq ) the prophecy of the destruction of Jerusalem 
Just cited was spoken under Hezekiah, and bore fruit in 
the repentance of king and people, by which the judgment 
was averted The allusion beyond doubt 1s to Hezekiah’s 
work of religious reformation (2 Kings 1vi 4 8g) It 18 
haidly possible to separate this reformation from the influ- 
ence of Isaiah, which did not become practical in the 
conduct of the state till the crist» of Sennacherb’s invasion, 
and the conclusion that Hezekiah was not from the first a 
reforming king, which 1s forced on us by many passages of 
Isaiah, 15 confirmed by the prophecy of Micah, which, after 
Hezekiah’s accession, still represents wickedness as seated 
in the high places of the kngdom The internal disorders 
of the realm depicted by Micah are also prominent in 
Isaiah s prophecies , they were closely connected, not only 
| with the foreign complications due to the approach of the 
| Assyrians, but with the break up of the old agranan 

system within Israel, and with the rapid and uncompen 
{ sated aggrandisement of the nobles during those pro- 

sperous years when the conquest of Edom by Amaziah 
and the occupation of the port of Elath by his son 
(2 Kings xiv 7, 22) placed the lucrative trade between 
the Mediterranean and the Red Sea in the hands of 
the rulers of Judah On the other hand the democratic 
tone which distinguishes Micah from Isaiah, and ns 
announcement of the impending fall of the capital (the 
deliverance of which from the Assyrian appears to Isaiah 
as the necessary condition for the preservation of the seed of 
a new and better kingdom), are explamed by the fact that, 
| while Isaiah hved m the centre of affairs, Micah was a 
Morasthite or inhabitant of Moresheth Gath, a place near 
| the Phihstine frontier so unimportant as to be mentioned 
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only in Micah 1 14! The provincial prophet sees the 
capital and the anstocracy entirely from the side of a man 
of the oppressed people, and foretells the utter ruin of both 
But this ruin does not present itself to him as involving 
the captivity or ruin of the nation as a whole, the 
congregation of Jehovah remains in Judea when the 
oppressors are cast out (u 5), Jchovahs words are still 
good to them that walk uprightly , the glory of Israel 1s 
driven to take refuge in Adullam, as in the days when 
Davids band of broken men was the true hope of the 
nation, but there 1s no hint that it 1s banished from the 
land Thus upon the prophecy of Judgment we naturally 
expect to follow a prophecy of the redintegration of 
Jehovahs kingship in a better Israel, and this we find in 
u 12, 13 andin chaps 1v,v_ Both passages, howevei, 
present difhculties The former scems to break the pointed 
contrast between 1 11 and m1°1, and 1s therefore regarded 
by Ewald as an example of the false prophecies on which 
the wicked ruleis trusted Thc thought, however, 1s one 
proper to all true prophecy (comp Hos 1 11 [n 2], Isa 
xi ll sg, Zeph m 14, Jer axa $), and precisely in 
accordance with chaps iv, v, even in the details of eapres 
sion and imagery? It 1s mdeed possible that these verses 
are a sepaiate oracle of Micah, which did not orginilly 
stand in its present connexion The scquence of thousht 
in chaps 1v, v, on the other hand, 15 rcally difficult, and 
has given rise to much complicated discussion There 1s. a 
growing feeling among scholars that 1v 11-13 stands in 
direct contradiction to iv 9, 10, and indeed to m 12 
The last two passages ayree in speaking of the capture of 
Jerusalem, the first declares Zion inviolable, and 1ts capture 
an umpossible profanation Such a thought can hardly be 
Micah s, even if we resort to the violent harmonistic process 
of imagining that two quite distinct sieges, separated by a 
renewal of the theocracy, are spoken of m consecutive 
verses An interpolation, however, in the spirit of such 
passages as Ezek saxvi, xaxir, Joelin [iv |, Zech xiv, 
1s very conceivable in post exilic times, and in connexion 
with the growing impulse to seek a literal harmony of all 
prophecy on lines very different from the pre eulic view 
in Jer \xvi, that predictions of evil may be averted by 
repentance Another difficulty les in the words “and 
thou shalt come even to Babylon” in iv 10 Micah 
unquestionably looked for the destruction of Jerusalem as 


1 That Micah lived in the Shephela o1 Judean lowlini near the 
Philistine country 18 clear trom the loc il colourmg cf 1 10 sq, whae 
a number of places in this quarter are mentione together md then 
names played upon in a way that could har ily have suzgested itself 
to wy but a man ot the district ‘The paronomsiy mikes the verses 
difficult, andini 14 none of the ancient versions recognizes More 
sheth Gath as ayroper name Lhe worl Motasthite ( U6rushtt) was 
thercfore obscure to them, but thiv cnly gives grata: weight t> the 
traditional pronunciation with 6 in the first syllable which 1s 45 old 
as the LXX , and goes against the view, taken by the Turgum both on 
Micah and on Jeremiah, and tollowed by some moderns (including 
Roorda), that Micah came from Marcshah When Eusebius places 
Mw, *1 new Eleutheiopolis it 1s not lhely that he 15 thinkig of 
Mireshah (Matesa), for he speaks of the forme: as 2 village and of th 
litter as a run 2 mies fiom Eleuthcropols Jacme too m the 
Ept Paule (1p cv), spething as an eye witness distinguisl es 
Moiisthim, with the church ot Micah s sepulchie, from Mares: = This 
indec 1 was after the pretended mnaulous discovery of the relics of 
Mi th in 883.4D, but the name of the village which then existed 
(Pref wm Mich ) can hadly have been part of 1 pious iri] 

2 The ngure of the shepherd gathering 1 scattcicd flo h certainly 
does not presuppose 4 total captivity, as Stade (Z f 17 1 161 
#7 ) argues 

3 See, besides thecommentane: Noldche mthe Mudd uz Ww 214 a 
paper by Oort and two by Kuenen im Theol Tydsch 1872, Well 

ausen Bleek, Aanletung, p 426, Stade Ic, and wd, m 1 sq 
Btude goes so far as to mahe the whole of Micahiv, + presuppose the 
exile, and to find still later additions iniv 510, + 5 6fy 4, 3) 
Giesxbiecht, Theol LZ, 1881, col 443 87, rejects chap iv only 


The arguments cannot be here cited at length, but they are tacitly 
kept n view in what follows 
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well as of Samaria in the near future and by the Assynans 
(1 9), and this was the yudgment which Hezekiah’s repent 
ance averted If these words, therefore, belong to the 
origmal context, they mark it as not from Micah» hand, 
but it 1s easy to see that they are really a later gloss The 
prophetic thought 1s that the daughter (population) of Zion 
shall not be saved by her present rulers or defensive 
strensth , she must come down from her bulwarhs and 
dwell in the open field, there, and not within her proud 
ramparts, Jehovah will grant deliverance from her enemies 
This thought 1s in precise harmony with chaps 1-1, and 
equally characteristic 15 what follows in chap v  Micah’s 
opposition to present tvranny eapresses itself in recurrence 
to the old popular ideal of the first sample Davidic kingdom 
(av §&) to which he had already alluded ini 15 ‘These 
old days shall return once more Again gucnila bands 
(sy13°n2) gather to meet the foe as they didin the time 
of Philistine oppression A new David, like him whose 
exploits in the district of Micahs home were still in the 
mouths of the common people, goes forth from Bethlehcm 
to fecd the flock in the strength of Jchovah The kindred 
Hebrew nations are oncc more united to their brethren of 
Israel (comp Amosix 12, Isa xv1 1 sy) The remnant 
of Jacob springs up in fresh vigour, inspiring terror among 
the surrounding pcoples, and there 1s no lack of chosen 
captains to lead them to victory against the Assyrian foe 
In the reyuvencscence of the nation the old stays of that 
oppressive hingslup which began with Solomon, the strong 
holds, the fortrhed cities, the chazots and horscs so foreign 
to the hfe of ancient Isiacl, aro no more known they 
disappear together with the divinations, the soothsayers, 
the idols, the macrebis and asheras of the high places 
Jehovah is hing on Mount Zicn, and no inventions ot man 
come between Him and His people 

The elements of this picture, drawn so largely fiom the 
most cherished memories ot the Judaans, could not tail to 
produce a wide impression, especially when the invasion of 
Sennacherib, althoush 1t spared Jerusalem, fulfilled in the 
most stiking way a gieat part ot Micah» predictions of 
judgment Of this we have evidence, not only in Jer x4v1, 
but in the political and reliious ideas of the book of 
Deutcronomy The picture of the nght hing (Deut wu 
14 sy) and the condemnation of the high places alike 
follow the doctrine of Micah 


A difficulty stul remains in the opening verses of chap iv 
Miuihiy 1 3 and Isa n 2 4 ue Lut slightly modihed recen ions 
of the same text, and is Isi 1 1s older than the prophecy of Micah 
while on the other hand Micth iy 4 seems the natural completion 
ot the yassage, 1f 1s common to suppose that both copy an older 
prophet But the words have little connexion with the context in 
Isaiah and may be the quotation of 4 coy vist sugzestel by ver 
On the other han i it has boon urzed thit the passaze belongs to 4 
later stize of prophetic thought than the Sth century 3 There 
1s, however no ical difficulty in the ales that forer,n nations shall 
seck law and ubitramcnt it the thrcne of the hing of Zion (comy 
the old prephecy Isa xvi and the mention of the temyle as the 
seit of Jchovah ssovcreignty u ay Te alustrated Ly Isa v1, where the 
heavenly palice (Micah 1 3 sat least pu tured im the likeness of the 
temple on Zin At the sime time the Jorusalem of Micah iy 8 
is the T rusuem of David nt t S lemon the ideas of 1. 1-4 do 
n tieippearinchiap sand the whol yroyhecy would perhaps te 
more cnsecutive and homozenccus it iy 6 (where the dispersca ind 
the sutlerms ue a ording to chap u, theviutims of domestic not 
of forerm oppression) followed directly on im 12 

The sixth chaytar ot Micah presents vverv different situation 
from chaps 1-s)— Jehov ith appeus to plead with his pe ye for their 
sins hut the sinners arc no longer a careless and oppressive arist) 
cracy buoyed up by deceptive assurances of Tehovahs help by pio 
phecis of wine and strong dunk, they ar bowed down ly 3 
..linon of terror weaned with attempts to propitiate an angry Ged 
by countless offerings, and even by the sacmfve cf the first torn 
Meantune the substance of true religion—yustue charity and a 
humble walk with God—s forgotten fran] ind deceit reign in all 

classes, the works of the house cf Ahitb are observe] (worship of 
foreign s) Jchovahs gudzments are multiplied against the 
land, and the iseue can be nothing cise than rts tatal deasiainon AL 


XVI — 20 


226 


these marks fit exact]; the evu times of Manasseh as descizbed in 
2 Kings xxi Chip wu 1-6 in win h the public and private cor 
ruption of a hopel s» age is bitterly bewailed obviously belongs to 
the same contest (omp vol sm op 417) 9 Micih may very well 
have lived inte Manissehs 1e1zn but the title in 1 1 doesnot cover 


& 


a prophecy which ecrtainly falls after Hezekiah s death, and the 
style his ncthin, in ¢ mm nwith the earher pirt of the booh It 
is thar f re proud nt to real the prophecy, with kwald, 15 wony 

mous | sall uw rics the whole of chips vi, v1 to one author 

Weilhans n lew vor) remaths with just ce that the thread 1s 
abruptly broken atv 6 and thit verses 7-20 represent Zion as 
alrvady fallen before the heathen ind ha inhabitants is pming in 
the dukness of captivity Ihe hope of Zion 1s in future restori 

tion after she has patiently borne the chastisement of her sins 

Then Jehovih shill arise mindful of His oith to the fathers, Is: 1¢l 
shill be forgiven and 1estorcd, and the heathen humbled = Ihe faith 
and hope whi h breathe in this passage have the closest afhimitics 
with the book of Lamentations and Isa al -lavi 

We lave s en that the text of Micah his suffered from redactars it Is also not 


free fr m verbal conuytt ns Whi h make 8 me places very cbseuc = Ihe TAN 
had many teil ngs diff: ntfomth pres t Heb ew but then text toc was far 
from souni Of commenta ieson Micah thit which deals n ost filly with tle 
question of the text 1s Reor iis Latin werk Leyden 18(9 The most elab rate 
book cn Wicihis Caspaiis (C be Micha den Morasthiten und seine p ophetasche 
Nae aan ee oe eee 
‘aay’ acer hes) * WW RS)” 
MICHALL (8), “who 1s ike God?’) appears in the 
Old Testament as a man» name, synonymous with Micajah 
or Micah Inthe book of Damiel the same name 1s given 
to one of the chief “princes” of the heavenly host, the 
guardian angel or “prince of Israel (Dan 4 13, 21, an 
1), and as such he naturally appears in Jewish theosophy 
as the greatest of all angels, the first of the four who 
surround the throne of God (see GABRIEL) It is as 
guardian angel of Israel, or of the church, the true Israel, 
that Michael appears m Jude 9 and Rev an 7 In the 
Western Church the festival of St Michael and All Angels 
(Michaelmas) 1s celebrated on September 29th , 1t appears 
to have grown out of 2 local celebration of the dedication 
of a church of St Michacl either at Mount Garganus in 
Apulia or at Rome, and was a great day by the beginning 
of the 9th century The Greek Church dedicates 
November & to St Michael, St Gabriel, and All Angels 
MICHAEL, the name of several Byzantine emperor. 
MicuaEL I (Rhangabc) was an obscure nobleman 
who had married Procopia, the daughter of Nicephorus IJ, 
and been made master of the palace, his elevation to the 
throne was due to a revolutionary movement against his 
brother in law Stauracius, who reigned only two months 
after the death of Nicephorus on the battleficld (812) 
Elected as the tool of the bizoted orthodox party in the 
church, Michael diligently persecuted the Iconoclasts on 
the northern and castern frontiers of the empire, but 
meanwhile allowed the Bulgamans to ravage a great part 
of Macedonia and Thrace, having at last taken the ficld 
in the spring of 813, he was defcated near Bersinikia, and 
Leo the Armenian was saluted emperor in his stcad in the 
following summer Michael, after having been compelled 
to become a monk, was permitted thenceforward to hve 
unmolested in the island of Prote, where he died in $45 
MicuarL II (The Stammerer), a native of \morium 
mm Phrygia, was of humble omgin, and began life av a 


private soldier but rose by his talertts and assiduity to the | 


rank of zencril He was one of those who had favoured 
the election to the throne of his old companion im arms 
Leo the Armenian in &13, but, detected in a conspiracy 
against the government of that emperor had been scntcnecd 
to death im December &20 his , artisans, howevcr suc 
ceeded 1n assassinitiny Leo on the mernine of Christmas 
Day, and called Vichul from the prison to the throne 
The principal features cf lis ran (20 429) were a pro 
tracted struggle (of ne rly three years) against las brother 
gcueral, Thomas, who «med at the thrcnc the conquest 
of Crete bs the Saracens in 523 anil the benning of their 


att ke upon Sicily (827) Conciliatory on the whole | uncle Joauncs Casar to make Michacl solo emperor 
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in his policy towards the image worshippers (his own 
sympathies were iconoclastic), he incurred the wrath of the 
monks by entering into a second marriage with Euphrosyne, 
daughter of Constantine VI, who had previously taken 
the veil He died in October 829, and was succeeded by 
Theophilus his son 

MicuatL III (The Drunkard) was the grandson of 
Michael the Stammerer, and succeeded his father Theophilus 
when only three years of age (042) Until his majority 
at the age of eighteen the affairs of the empire were 
managed by the empress regent his mother Theodora , his 
education was shamefully neglected, and 1t was during this 
period that Michael formed the disgraceful personal habits 
which are indicated by his surname In 861 Michael, 
together with his uncle Bardas, undertook an expedition 
against the Bulzarians, which resulted in the conversion of 
the Bulgarian king, who thenceforth bore the Chnistian 
name of Michael The emperor had been less successful 
in the campaign which he led in person against Omar of 
Melitene in 860, but m 863 his uncle Petronas gained an 
important victory over the Saracens in Asia Minor The 
year $65 was marked by the first appearance of the Russians 
in the Bosphorus Michael was assassinated in his palace 
in 867 by Basilius the Macedonian, whom he had associated 
with himself in the empire in the previous year 

MicuaEt IV (The Paphlagonian) owed his eleva- 
tion to Zoe, daughter of Constantine I\, the last of 
the Macedonian dynasty, this princess was married to 
Romanus III, but becoming enamoured of Michael, her 
chamberlain, she poisoned her husband and married her 
attendant (1034) ichael, however, bemg of a weak 
character and subject to epileptic fits, possessed the supreme 
power only in name, and was a@ mere instrument in the 
hands of his brother, John the Eunuch, who had been first 
minister both of Constantine and Romanus John’s 
diplomacy was successful in keeping the Arabs im the 
archipelago and Egypt quiet for some time, and he was 
at last able to secure a victory for the imperial arms at 
Edessa in 1037 The attempt to recover Sicily in the 
following year with the help of the Normans was less pro- 
sperous, and in 1040 the island wholly ceased to be a 
About the same time, the Bulgarians 
having overrun Macedonia and Thrace, and threatenmg 
Constantinople, the mdolent and infirm emperor, to the 
surprise alike of friends and foes, put himself at the head 
of the army, and not only drove the enemy beyond the 
frontier, but followed them into their own territory He 
died, shortly after his trrumph, on December 10, 1041 

Micakt V (Calaphates or The Caulker), nephew 
and successor of the preceding, derived his surname from 
his fathcr Stephen, who had originally followed the occu 
pation of a caulker of ships He owed his elevation 
(December 1041) to his uncle John, whom along with Zoe 
he almost immediately banished, this led to a popular 
tumult and his dethronement after a bricf reign of four 
months (April 1042) He lived for many years afterwards 
mm the quict obscurity of a monastery 

VicnaeL VI (The Warlike) was alrcady an old man 
when chosen by the empress Theodora as her successor 
shortly before her death in 1056 His government was 
fecblc in the extreme, and he was at last compelled to 
abdicate by Isaic Comnenus, who had defcated his army in 
Phrygia (\uzust 1057) He also spent the rest of his life 
In 4 monastery 

Mrowarr VIL (Ducas or Parapmace y was the cldest 
son of Constantine Xi Ducas, by whom along with his 
brothers Andronicus [oo ar} Constintme VI be was 
mvested with tne tithe of Augustus this jot sucecssion 
took place n 1067, bnt m 107] it suted the policy of the 
Yor 
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this position Michael, whose “character was degraded, 
rather than ennobled, by the virtues of a monk and the 
learning of a sophist,’ was by no means fitted, and at 
length two generals of the name of Nicephorus, surnamed 
Bryennius and Botaniates, simultaneously rebelled against 
him in 1078, with hardly a struggle he resigned the purple 
and retired into a monastery, where he afterwards received 
the title of archbishop of Ephesus 

Micuarx VIII (Paleologus), born in 1234, was the 
son of Andronicus Paleologus Comnenus and Irene 
Angela the granddaughter of Alexius Angelus, emperor 
of Constantinople At an early age he rose to distinc 
tion, and ultimately became commander of the French 
mercenaries in the employment of the emperors of 
Nicea <A few days after the death of Theodore Lascaris 
II im 1259, Michael, by the assassination of Muzalon 
(which he 1s believed but noteproved to have encouraged), 
succeeded to the guardianship, shared with the patnarch 
Arsenius, of the young emperor John Lascaris, then a lad 
of only eight years Afterwards invested with the title of 
“despot,’ he was finally proclaimed joint emperor, and 
crowned alone at Nicewa on January 1, 1260 In the 
followmg year (July 1261) Constantinople fell into the 
hands of the Cesar Alexus Strategopulus, and Michael, 
having got himself crowned anew in the church of St 
Sophia, caused his boy colleague to be blinded and sent 
into banishment For this last act he was excommunicated 
by Arsenius, and the ban was not removed until sia years 
afterwards (1268), on the accession of anew patnarch In 
1263 and 1264 respectively Michael, with the help of 
Urban IV, concluded peace with Villehardouin, prince of 
Achaia, and Michael, despot of Lypirus, who had previously 
been incited by the pope to attack him, the friendly inter 
vention had been secured by a promise on the emperors 
part to help forward the reunion of the Eastern and 
Western churches In 1269 Charles of Sicily aided by 
John of Thessaly, again made war with the alleged purpose 
of restoring Baldwin to the throne of Constantinople, and 
pressed Michael so hard that ultimately, yrelding to the 
importunities of Gregory 4, he caused the deputies of the 
Eastern church to attend the council of Lyons (1274) and 
there accept the “filioque and papal supremacy The 
union thus brought about between the two churches was, 
however, extremely distasteful to the Greeks, and the 
persecution of his “schismatic subjects to which the 
emperor was compclled to resort weakened his power so 
much that Martin [IV wa» tempted to enter into alliance 
with Charles of Anjou and the Venetians for the purpose 
of reconquering Constantinople The invasion, howevei, 
failed, and Michael so far had his revenge in the “Sicihan 
Vespers, which he helped to bring about He died in 
Thrace in December 1282, and was succeeded by his son 
Andronicus IT 

Micuatt IX (Palaologus) was the son of Andronicus 
II, and was associated with him on the throne from 1295, 
but predeceased him (1320) 

MICHAFLIS, Jowann Davin (1717 1791) one of 
the most influential scholars and terchers of list century, 
belonged to a family which had the chief pat m main 
taining that solid discipline in Hebrew and the cognite 
languages which distinguished the umversity of Halle in 
the period of Pietism Johann Heinrich Wichaelis (1664- 
1738) was the chicf dnector of Tranche, Coll jrum 
Onientale Theolon um, a practical school ot Bil heal and 
Oriental philology then quite unique ani th author of an 
annotated Hebrew Bible and vy uicus eveceticul w ths of 
reputation especiilly the A dott alarr amifen 
graphos, 1720. In Is chicf pubheaitions T HW Wichichs 
had as fellow worker his sisters son Chai trim benedict 
Michaelis (1650-1764), the father of Johinn Dis id who 
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was likewise influential as protessor at Halle, and a very 
sound scholar, especially in Syriac J D “Mutaelis was 
trained for academical life under his fathers eye Halle 
was not then the best of universities , a narrow theological 
spirit cramped all intellectual activity, and the eager viva 
cious youth, already distinguished by a love for realities and 
a distaste for small pedantries, found much of the teaching 
wearisome enough He acquired, however, a good know 
ledge of the Latin classics,—Greeh, he tells us, was hardly 
taught at all, and his knowledge of Greek literature was 
gained by his own reading in later years,—learned all that 


_his father could teach, and was influenced, especially in 


philosophy, by Baumgarten, the link between the old 
Pietism and Semler, while he cultivated his strong taste for 
history under Ludwig In the winter semester 1739-40 
he qualified as university lecturer One of his disserta- 
tions was a defence of the antiquity and divine authority 
of the vowel points m Hebrew His scholarship still 
moved 1n the old traditional lines in which no further pro- 
gress was possible, and he was also much exercised by 
religious scruples, the conflict of an independent mind with 
that submission to authority at the expense of reason 
encouraged by the type of Lutheranism in which he had 
been trained A long visit to England in 1741-42 lifted 
him out of the narrow groove of his earlier education In 
passing through Holland he made the acquaintance of the 
great Schultens whose influence on his phuological views 
was not immediate but became all powerful a few years 
later England offered to him no such commanding per 
sonal influence and he was not yet able to turn to profit 
the stores of the great libraries, but his personality was 
strengthened by contact with a larger life and his theo- 
logical views were turned aside from the pietistic channel 
Michaelis never ceased to regard himself as essentially 
orthodox though he did not feel able fullx to subscnbe 
the Lutheran articles and more than once declined on this 
account to be professor of theology But his views 
acquired a distinctly rationalistic complexion, and the 


| orthodoxy of his Gottingen lectures and publications on 


dogmatic (delivered from a } hilosoy hical chair) 1s of a very 
washed out kind His really useful work, however, lay in 
other directions the change of his theological views was 
important because it relieved him from trammels that 
hampered the free course of his development as a scholar 
Trom England Michaelis went back to Halle , but he felt 
himself out of place, and in 1743 gladly accepted an 
invitation to Gottingen as privat docent In 1746 he 
became extraordinary, in 1750 ordinary, professor, and in 
Gottingen he remained till his deithin 1791 In the first 
years of his new position Michaelis passed through a second 
education In the young and intellectually vigorous 
Georgia Augusta he came under the powerful personal 
influence of such men as Gesner and Haller His intellect 
Was active in many directions, universal learning mdeed 
was perhaps one of his foibles Literature—modern as 
well as ancient—occupied his attention one of his works 
was a translation of four parts of Clarissa, and transla 
tions of some of the then current English paraphrases on 
Biblical books manifested his sympathy with a school 
which if not very learned, attracted him by its freer ur 
His Oriental studies were reshaped by dihzent perusal of 
the works of Schultens for the Halle school with all its 
larmng hid no conception of the prmuyzles on whuba 
fruitful connexion between Biblical and Onicntal Iearnmyz 
can be established = His insti work im deed was always 
ham cicd by the lack of WS material which i felt in his 
phil logiedl wutinas ¢ gq om his valuable Supplement to 
the Hebrew lexicons (1784 92)2) He could n t Tecome 


1¥y. tru fitune twaitwa tl pat rot tingen by 
the Lien h in the Seven Lears War anl the fmendly relations he 
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such an Arabist as Reiske, and, though for many years the 
most famous teacher of Semitic languages in Europe, he 
had hittle of the highcr philological faculty, and neither his 
grammatical nor his critic il work, highly praised as it then 
was, has left a permancnt mark, with the exception perhaps 
of his text critical studics on the Peshito! Hus tastes were 
all for 2eala—history, antiquities, especially geography 
and natural science, mm his autobiography he half regrets 
that he did not choose the medical profission Here he 
found a field hardly touched since Bochart, in whose foot 
steps he followed in the Spreieyrum geogruphia Heln aorum 
exter e post Bochartum (1769-80) To his impulse we owe 
the famous Eastern eapedition of Von Haven, Forsh ul, and 
Niebuhr He prepared the mstructions for their journey, 
and drew up a scues of questions and elucidations to guide 
their researches, which } lace m strong relief his compre 
hensive grasp of all that wis then known of the East, and 
the keen delight in the knc wledge of tangible and natural 
things, paired with a sobur and patient judgment, which 
was his chicf inti Ilectual chiracteristic The best part of 
this knowledze was turned to the profit of Biblical study , 
in his cxcgctical writings for example, one of the main 
features 15 whit was then the novelty of illustrations from 
Eastern travel In spite of his doctiinal wrtings—which 
at the time mide no little noise, so that his Compendium 
of Dogmitt (1760) was confiscated in Sweden, and the 
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MICHAUD, JosepH (1767-1839), French historian 
and publicist, was born of an old family on June 19, 1767, 
at Albens, Savoy, was educated at Bourg en Bresse, and 
afterwards engaged in literary work at Lyons, where the 
events of 1759 first called ito activity the dishke to 
revolutionary principles which manifested itself throughout 
the rest of his hfe In 1791 he went to Paris, where, not 
without danger, he took part in editing several royalist 
journals In 1794 he started La Quotidrenne, for his con- 
nexion with which he was arrested after the 13th of 
Vendemuaire, he succeeded in escaping his captors, but was 
sentenced to death par contumace by the military council 
Having resumed the editorship of his newspaper on the 
establishment of the Directory, he was again proscribed on 


‘the 18th of Fructidor, but at the close of two years 


knighthood of the North Stir was afterwards given him in 


reparition—it wis the natural side of the Bible that really 
attractud him, and no man did more to introduce the 
modern method of studymg Hebrew antiquity as an 
integral part of ancient Eastern life ‘lhe permanent 
influence of his works indeed has not been great, and many 
of them are now hardly readable for, with all his historic 
tastes and learning, he had no large histo1ic conceptions, 
and, what 1s closely akin to this defuct, was singularly 
deficient in imagination and poetic sympathy But the 
vivacity of his mind, his manysidedness, his singularly 
attractive though discursive method of lecturing, and 
above all his power of feelmg and inspiring interest in 
every kind of fact, was a potent stimulus much needed in 
the Germany of that age, and did not soon die Dhfferent 
as the three men are, there 1s a true historic nexus between 


the three grevt Gottingen Orientalists, Michaelis, Eichhorn, | Hostore 
|; Where his home had been since 1832 


and kwald 


The } 1sonal character of Michaelis can be read between the lines 
of lis autoti .91; hy with the ud of the other materials collected 
by the cditor Hassencam) (J D Michaelis Lebensbeschrerbung, &c 
1793) To understand the secict of his enormous influence 1 15 
not enough to 1cad his books now for the mcst } art dull enough 
to us, we must sce the upright sivacions libollous main, with + 
good deal of worllly prudence and a good deal of temper, much 
absorbed in his manifold acilemic activities in the umversity ind 
Royal Society of Gottingen yet cver full of interest in the larger 
world and of shrewd judgments and livcly talk with a stiong sense 
of his nghts ind dignity yct with a gool and warm heart = shining 
especially in the lecture 1 om where he dealt forth knowledge with 
discursive han | from a full store dis; laying the methods 23 well as 
the results of his ull side 1 research not without a touch of the vanity 
of the polvhistor and loving to lewe the chair unler a storm of 
apy liuse ita | uting ton mot which he acknowled.ed it the door 
ina ba kwirl ,lan e of tuumph The same volume ccntims a 
full list of his works = b sid 9 those aliealy mentione? it 1s suffi 
cient to refer to his New Lestument Jntro/uetam (the frst edition 
1750 preceded the full dev 1 pment of his powers and 1s a vcry 
different book from the lit1 ¢litions) his reprint of Lowths 
Prelectiones with important adhitions (1758 62) Ins Gelman 
translation of the Bible with notes (1770 32) his Orientulische 
und Exegetische Bibliothek (177v $v) anl Neue O and F Bab 
(1786-91) his Wosarsches Iecht (1770 71) and his elition of 
Castles Lexicon Syriacum (1787 88) His Litterarischer Lrvf 
wechsel (1794-96) contains much that 15 teresting for the history 
of learning 1n his time (W RS) 


formed with the officers that mocmed him the Pans MS from which 
he edited Abulfeda s description of Egypt 
1 Cure in Actus Apostolorum Syriacos, 1755 


returned to Paris when the consulate had superseded the 
Directory His Bourbon sympathies kd to a brief 
imprisonment in 1800, and on his release he for the time 
abandoned journalism, and began to write or edit books 
Along with his brother and two colleagues he published in 
1806 a Bugraphve moderne, ou dictronnane des hommes 
gut se sont fart un nom en Eu ope depurs 1789, the earhest 
work of its kind, mm 1806 the first volume of his ftstotwe 
ds Crowades appeared, and in 181] he orgimated the 
Brognaphie Unuerselle In 1814 he resumed the cditor 
ship of the Quotedvenne, and in the same year was elected 
Academician In 1815 his brochure entitled Histowe des 
gune Semaines ou le dermer regne de Bonaparte met 
with extraordinary success, passing through twenty seven 
editions within a very short time His political services 
were now rewarded with the cross of an officer in the Legion 
of Honour and the modest post of hin,» reader, of which 
last he was deprived in 1827 for having opposed Peyronnet’s 
“Lo. dAmour” against the freedom of the press In 
1830-31 he travelled in Syua and Lzypt for the purpose 
of collecting additional materials for the Hstorre des 
Crowades, his correspondence with a fellow explorer, 
Poujoulat, consisting practically of discussions and eluci 
dations of various important points im that work, was 
afterwards published (Correspondance dOreent, 7 vols, 
1$32-35) The Bibleotheqgue des Croisades, in four 
volumes more, contained the “ pieces justificatives ’ of the 
Michaud died on September 30, 1839, at Passy, 
His fHistowe des 
Cr ovsades was published in its final form in six volumes in 
1641 under the editorship of his friend Poujoulat (9th ed, 
with appendix, by Hu llard Brcholles, 1856) Michaud 
along with Poujoulat also edited and in part wrote Vowelle 
Collection des Memorres pow serv al Lastowre de Trance, 
32 vols, 1836-44 See Sainte Beuve, Causerres du 
LInndi, vol vu 

MICHAUX, Anpre (1746-1802), a French botamst, 
best known for his works on the flora of North America 
and as a botanical traveller In 1779 he spent some time 
botanizing in England, and in 1780 he explored Auvergne, 
the Pyrenees, and the north of Spain In 1782 he was 
sent by the French Government on a botanical mission to 
Persia His journey began unfavourably, as he was 
robbed by Arabs of all his equipments exccpt his books, 
but he gamed influential support in Persia, having cured 
the shah of a dangerous illness After two years he 
returned to France with a fine herbarium, and also intro- 
duced numerous Eastern plants into the botanic gardens 
of France In 1785 he was sent by the French Govern 
ment to North America, and travelled through Canada, 
Nova Scotia, and the United States as far west as the 
Mississipp1 The outbreak of the French Revolution 
deprived him of means to continue his work im America, 
and in 1796 he returned to France He was shipwrecked, 
and lost most of his collections on the voyage In 1800 
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he went to Madagascar to mnvestigate the flora of that 
island, and died therein 1802 His work as a botanist 
was chiefly done in the field, and he added largely to what 
was previously known of the botany of the East and of 
America He also introduced many plants into Euro 
pean botanic gardens He wrote two valuable works on 
North American plants,—the Hvstovre des chénes de 
PAmeruque Septentrionale (1801), with 36 plates, and the 
Flora Boreal Amerwana (1803), 2 vols, with 51 plates 

MICHAUX, Francois ANDRE (1770-1853), son of the 
preceding, was, like his father, employed by the French 
Government to explore the forests of North America with 
a view to the introduction into France of trees valuable 
for their wood or other products He was very success 
ful in carrying out this object He published mm 1610-13 
a Historre des Ar bres forestrereg de | Amerrque Septentrionale, 
in 3 voly, with 156 plates, a work full of information on 
the characters, uses, distribution, and other points of 
interest in the various species In 1517~19 a translation 
of 1t appeared under the title Aorth Amerwan Sylva 
He also wrote a Voyage a lowest des Vonts Alleghanys, 
1804, besides articles in scientific magazines 

MICHELANGELO (1475-1564) Michelangelo Buon 
arroti, best known simply as Michelangelo, the Jast and most 
famous of the great artists of Florence, wis the son of 
Ludovico Buonarroti, a poor gentleman of that city, and of 
his wife Francesca di Ner1 Ludovico was barely able to 
live on the income of his estate, but made 1t his boast that 
he had never stooped to add to it by mercantile or mechani 
cal pursuits The favour of the Medici procured him em 
ployment in some minor offices of state, and m the autumn 
of 1474 he was appointed resident magistrate of Caprese, 
mn the Casentino, for a period of six months Thither he 
accordingly repaired with his family, and there, on March 
6, 1475, his second son Michelagniolo or Vichelangclo was 
born Immeditely afterwards the family returned to 
Florence, and the child was put to nurse with a marble 
worker's wue of Settignano His mothers health had 
already, 1t would seem, begun to fail, at all events m 
about two yeirs from this time, after she had borne her 
husband two more sons, she died While still a young 
boy, Michelangelo determined im spite of his fathers 
opposition to be an artist He had sucked in the passion, 
as he himself used to say, with his foster mothers milk 
After a sharp struggle, his stubborn will overcame his 
fathers pride of gentility, and at thirteen he got himself 
articled as a paid assistant in the workshop of the brothers 
Ghirlandaio Domenico Ghirlandaio, bred a jeweller, had 
become by this time the foremost painter of Florence In 
his service the young Michelangelo laid the foundations 
of that shill in fresco with which twenty yeirs afterwards 
he confounded his detractors at Rome He studied also, 
hke all the Tlorentine artist» of that age, im the Brancacc 
chapel, where the fiescos of Masaccio, painted some sixty 
years before, still victoriously held their own and here, in 
a quarrel with an ul conditioned fellow student Toirigiani, 
he received the blow of wnich his face bore the marks to 
his dying day 

Though Michelangelos earliest studies were directed 
towards painting, he was by nature ind }redilection much 
more inclined to sculpture In that ait he presently 
received encouragement and tramine undei the eye of 
an illustrious patron, Lorenzo dex Medici On the 
recommendation, it 13 said, of Ghirlandao, he was trans 
ferred, before the term of his apprenticeship as a punter 
had expired, to the school of sculpture established by 
Lorenzo in the Medici gardens Here he could learn to 
match himself against his great predecessor, Donatello, one 
of whose pupils was the director of the school, and to com 
pare the works of that master and his Tuscan contemporaries 
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with the antiques collected for the instrucuon of the scholars, 
Here, too, he could listen to discourses on Platonism, and 
steep himself in the doctrmes of an enthusiastic philosophy 
which sought to reconcile with Christian faith the lore and 
the doctrines of the Academy Michelangelo remained a 
Christian Platonist to the end of his days, he was also 
from his youth up a devoted student of Dante His 
powers of mind and hand soon attracted attention, and 
secured him the regard and favour of his patrons in spite 
of his rugged, unsociable exterior, and of a temper which 
at best was but a half smothered volcano 

Michelangelo had been attached to the school and house- 
hold of the Medici for barely three ycars when, in 1492, 
his great patron Lorenzo died Lorenzo’s son Piero det 
Medici inherited the position, but not the qualities, of his 
father , Florence soon chafed under his authority , and 
towards the autumn of 1494 it became apparent that 
disaster was impending over him and his adherents 
Michelangelo was constitutionally subject to dark and 
sudden presentiments one such seized him now, and, 
without awaiting the popular outbreak which soon followed, 
he took horse with two companions and fled to Bologna 
There, being now 1n his twentieth 5 ear, he was received with 
kindness by a member of the Aldovrandi family, and on 
his commission executed two figures of saints, and one of 
an angel, for the shrine of St Dominic 1n the church of St 
Petronius After about a year, work at Bologna failing, 
and his name having been imcluded in his absence on the 
hist of artists appointed to provide a new hall of assembly 
for the Great Council of Tlorence, Michelangelo returned 
home ‘The strange theocracy established by Savonarola 
was now 1n force, and the whole character of ervic life at 
I lorence was for the time being changed But Michelangelo 
was not left without employment He found a friend m 
another Lorenzo, the son of Pierfrancesco de: Medici, for 
whom he at this time executed a statue of the boy St John 
Having also carved a recumbent Cuy id in imitation of the 
antique, 1 was suggested to him by the same patron 
that 1t should be so tinted and treated as to look hkea 
real antique, and sold accordingly Without mmcreasing 
the price he put upon the work Michelangelo for amuse- 
ment lent himself to the counterfeit and the piece was then 
actually sold for a large sum to a Roman collector, the 
cardinal San Giorgio, as a genuine work of antiquity,—the 
dealer appropriating the profits When presently the 
cardinal discovered the fraud, he caused the dealer to 
refund , but as to Vichelangelo himself, 1t was represented 
to the young sculptor that 1f he went to Rome the amateur 
who had just mvoluntaruy paid so high a tribute to his 
skill would certainly befriend him He set forth accord 
ingly, and arrived at Rome for the first time at the end of 
June 1496 Such hopes as he may have entertained of 
countenance from the cardinal San Giorgio were quickly 
dispelled Neither did the banished Piero de: Medici, who 
also was now living at Rome, do anything to help him 
On the other hand Michelangelo won the favour of a 
Roman nobleman, Jacopo Galh, and through him of the 
French cardinal Jean de Villiers du la Grolaie, abbot of 
St Denis From the former he received a commission tor 
4 Cupid and a Bacchus, from the latter for a Prete or 
Maiv lamenting over the body of Christ —works of which 
probably all three, the last two certainly, are } reverved 

Michelangelos stay nm Rome at this time listed five 
years, from the summer of 1496 tall that of 1501 The 
interval had been one of eatreme political distriction at 
Tlorence The excitement of the French invasion, the 
mystic and ascetic regimen of Savonarols, the reaction 
which led to his overthrow, and finally the external wars 
and internal dissidences which preceded 4 new settlement, 
had all created an atmosphere most unfavourable to art 
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Nevertheless Ludovico Buonarroti, who in the troubles of 
1494 had lost a small permanent appointment he held in 
the customs, and had come to regard his son Michelangelo 
23 the mainstay of his house, had been repeatedly urging 
fim to come home 

A spirit of fumly duty and family pride was the ruling 
“zine ple in ill Michelangelo» conduct During the best 
years of his life he submitted himself sternly and without 
© mu mur to pinching hardship and almost superhuman 
abour for the sike of bis father and brothers, who wee 
cvcr solfishly ready to be fed and helped by him = Having 
-ow, after an iulncss, come home in 1501, Michelangelo 
~eceived the request from the cardinal Francesco Picco 
jomint to adorn with a number of sculptured figures a 
shrine alrcady bezun in the cathedral of Siena in honour 
of the most distinguished member of his house, Pope 
Pins If Fou only of these figures were ever executed, 
and those not apparently, or only in small part, by the 
masters hand A work of greater interest im Florence 
itself had diverted him from his engagement to his Sienese 
patron This was the execution of the famous colossal 
statue of David, popularly known as the Giant It was 
carved out of a huge block ot marble on which another 
sculptor, Agostino d Antonio, had begun unsuccessfully to 
work forty years before, and which had been lying idle 
ever since Michelangelo had here a dificult problem before 
him Without much regard to tradition or the historical 
character of lus hero, he carved out of the vast but cramped 
mass of material a youthful, frownimg colossus, which 
amazed every beholder by its freedom and science of execu 
tion, and 1ts victorious energy of expression All the best 
artists of Florence were called in council to determme on 
what site 1t should be set up, and after much debate the 
terrace of the Palace of the Signory was chosen, m prefer 
ence to the neighbouring Loggia de Lanzi Here accord 
ingly the colossal David of Michelangelo took, in the month 
of May 1504, the place which it continued to hold ever after 
wards, until ten years ago, in 1873, 1t was removed for 
the sake of protection to a hall im the Academy of Fine 
Arts Other works of sculpture by the same indomitable 
hand also belong to this period among these another 
David, m bronze, and on a smaller scale, a great rough 
hewn St Matthew begun but never completed for the 
cathedral of Florence a Viadonna and Child executed on 
the commission of a merchant of Bruges, and two un- 
finished bas rehefs of the same subject 

Neither was Michelangelo idle at the same time as a 
painter Leaving disputed works for the moment out of 
sight, he in these days at any rate painted for his and 
Raphael s common patron, Angelo Dom, the Holy Family 
now in the Ufha at Florence And in the autumn of 
1504, the year of the completion of the Dasid, he recerved 
fiom tke Florentine state a commission for a work of 
monumental painting on an heroic scale Leonardo da 
Vinci had been for some months engaged on his great 
cartoon of the Battle of Anzhiar, to be painted on the 
wall of the great hall of the mumapal counul The 
gonfalonicre Sodcrmi now procured for Michclanwelo the 
commission to dusim a ccmpanion work  Vichelanzelo 
chose an incident cf the Pisan war, when the J lorcntinc 
soldiery had been surprised }y the encmy in the act of 
bathing he dashed at the task with his accustemed fury 
energy, and had carrnd a creat part of the cartocn to 
completion when, in the carly sprmg cf 156), he broke off 
the work in order to olty a call to Rome which reached 
him fiom Pope Julius I] His unfinished cartoon showed 
how greatly Vichclangelo had yr nted 1y the ¢xamy le of 
his elder rival, Leonardo, ttle as, yer cnally he yielded 
to his charm or could brng himself to respond to lus 
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most part comparatively tranquil in character tis early 
sculpture, showing a degree of science and perfection un- 
equalled smce the antique, has also something of the 
antique serenity It bears strongly the stamp of intel- 
lectual research, but not by any means that of storm or 
strain In the cartoon of the Bathers, he on the other 
hand appropriated and carned further the mastery, which 
Leonardo had first asserted, over every vanety of violent 
action and every eatreme of energetic movement In t¢ 
the qualities afternards proverbially associated with 
Michelangelo—his furia, his terribilita, the tempest and 
hurricane of the spirit which accompanied his unequalled 
technical mastery and knowledge—first found expression. 


With Michelangelos departure to Rome early in 15065 the first 
art of his artistic cateer may be sand to end It will be convenient 
1e1@ to recapitulate its y11ncipa] results in sculptuie and painting, 

both those preserved and those recorded but lost 

ScuLEitrh —Florence, 1489-94 Head of a Faun, National 

Museum, Florence (?) Condava descitbes Miche] ingelo ¢ first essay 
1n svul} tue as a head of an aged fun with a front tooth knocked out, 
this litter pomt having been an atter:thought suggested by Lorenzo 
dea Medic: The head 1s commonly identihe] with one in the 
National Museum at Florence, which, however, beas no marks of 
Michelangelo styJe, and 181m al] probibility 5; m10us = Madonna 
Seated on a Step, Casa Buonaroti: Tlorence ius bas relief 1s a 
genuine example of Michelanzclos early work m the Medicean 
school unde: Baatoldo It 13 executed in low relicf mm imitation of 
the technical style of Donatello, but the attitudes and chaiacters 
of the hgues and the long diawn, somewhat tormented folds of 
drapery, recall rather the manner of Jacopo della Quercia Cen- 
tau omachia, Cisa Buonarroti A fine and unquestionably genuine 
work in full rehcf, of prolably somewhat later date than the last 
mentioned , Michelangelo has followed the antique in his con 
ception and treatment of the nude, but not at al in the arrange- 
ment of the subject, which occurs fiequently in works of ancient art. 

Bologns 1494-99 Knecling Angel, suppoiting the shnine of 
St Domine This 1s the figure, with cusp hair, short resolute 
fratures, and dripcry clinging to show the limbs, on the ight. 
hind side of the spectitor as he fionts the altar The prettier 
anil mote engaging figme at the enpents end was long taken to 
be Michelangelo s work, but 1s really that of Niccolo dell’ Arca 
Michelangelo also finished the fgure of St Petronius on the cornice 
of the same altar, begun by the same Niccolo, aud executed one of 

St Proculus which has perished 

Florence, 1495-96 S¢ John wn the Wilderncss, Berlin Museum 
During the year between Michelangelos return from Bologna and 
his first departure to Rome he cxecuted, as has been narrated above, 
a statue of S Giovannino fo: I orenzo di Pierfrancesco du Medicr 
This had for centurics been suppcsed lost, when in 1874 it was 
declared to have been found in ths possession of Count Gualandi- 
Rossalinimi at Pisa Vehement and yrolonged discussions arose 
as to the authentiuty of the work, and at last it was bought for 
the Berlin Museum, where its genuieness 1s with apparently good 
reason maintained The stripling stmt stands niked but for a 
skin about his loins, holdmg a honeycomb in his left hand and 
lifting to his mouth a goats horn full of honcy with his mght 
Kestoration of an antique group f Lachus aid Ampelus, U fia 
Giller} Florence ‘Lhis interesting 1estor ation of an antique torso, 
by the additicn ofa heal the lower jartcf the legs, and the accessory 
fisure of an attendant genius, » phinth, and mash, 15 not one of the 
works tradition illy asciilcd to Michelanzelo but his lately, and 
as it seems rightly beer elamed for him on internal evidence 
Aecu nbent Cuped ought by the cardinal San (Gnorgio as an 
antique This work wach played an important jait in Michel- 
melo s history, 1s unfortunatly lost 
Rome, 1495 1501 Keelery Cryr?, South Kensington Muscum, 
Londen Thiy beautiful statue of an athlctu youth kneeling on 
the nght hnec, locking over hus wight shoulder, with the right 
hand Jowere | and the left ruscd and haying a quiver on the 
grounl lesiic lim is achnowleded on internal grounds as an 
culy work of Michelinzelo There 1s some ambiguity about the 
chanvet r mla tion of the pasonige but the work 1s usually 
entific] witl the Cupid which Michclangclo 15 1¢¢01 lel to have 
executed at this time for Jacopo Gilh Laechusand Yeung Laun, 
National Museum Florence Thisis unquestionably the Pacchus’ 
commissione | by the same patron The hnely fram d Tut seft 
launbed youthful gol, his waght supported somewhat stizgoun,ly 
on the left log }ollsup a wane cup m hisuaht hand an] with dus 
oostly hanging left band holds cluster of grapes at which a 
chi fiun stin hing a httle bound him grasps wid mittles — the 
surfa ¢ lighly fished and pelished as an the beth St John 
Ve pola edteny th Deal Chrest st Peters, Rome ‘This group, 


courtesy The work «* Michelan slo» youth i for the j executed for the French ibbot of St Dems, 1 the finest of all 
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Michelangelo s early sculptures, and one of the finest of his life 
It still recalls the ideals of some of the earlier Tuscan masters, 
especially Jacopo da Queruia , but the execution 1s of a mastery 
and nobility unprecedented in Italianait The Vugin, in diapery 
of magnificent design, with her left knee somewhat raised and her 
ne hand shghtly extended, sits holding on hei lap the dead 
Christ,—a figure of splendid frame and modclling as well as of 
admuable pathos and dignity nm expression 

Florence 1001-6 Four Saints decorats ig the Shrine of Prus II, 
in the cathedial of Siena These figures represent the only part 
which Michelangelo ever completed of his contract with the car 
dinal Piccolomim: and hishens They ate evidently carried out by 
the hand of pupils only Vergin ani Chili, Liel frauenknche 
Bruges Thus rises roup has leen smce the diys of Albut 
Duwer attiibuted to Michelangelo and beais the manifest stamp 
of his design though its execution may be yartly by inferiot 
hands It 1s placed close to the tombstone of a member of the 
Moscheron1 (or Mosheron) family We know that Michelangelo 
executed at this time for one of this very family, a wo1k which the 
ancient biographers desc1ibe as having been in bronze —a medal 
hon in that mctal says explicitly asai1 but it 1s probably really 
the maible gioupim question be yen and Child Royal Academy 
London This beautiful unfimishcd encular relief 15 ulentified with 
one iccoided to have becn executed by the master for Taddeo 
Gadd: Virgin and Child National Museum, Florence,—a similat 
relief ilso unfinished originally ordered by Baitolommeo Pitti 
Youthfil Davud, Academy of Aits Jllorence Of this colossal 
work which in syite of its scale anl subject his still im grace 
of pose and style a consi leiable artistic athmity with the earlier 
Bacchus and St John enough has been sud Figure of Darid, 
a small statue in bionze Several extant works have been pointed 
out as probably identical with this lost statue, but the claims of 
none have been generally acknow led, sel 

PatntinG —Holy Family Uffizi Hlorence This circular pictwe, 
painted for Angelo Doni and mentioned Ly the cailiest biogiay hers 
1s the only perfectly well attested panel painting of Michelanelo 
which exists His love of restless an | somewhat strained actions 13 
illustrated by the action of the Madonna who kneels on the giound 
holding up the cluld on he: nght shoulder his love of the nude 
by the introduction (wherein he follows I uca Signorelli) of some 
otherwise purposeless undraped figures in the bachground = V2rgin 
aril Chill with Four Angels National Gallery London This 
unfinishe! painting mathed by great grace as well as seveiity of 
feeling and design was formenly attributed to Domenico Ghirlandaio, 
but 1s now commonly held to be the earliest extant 7 1cte by Michel 
angelo Of his manner, especially in the design and treatment of the 
drapery, it bears evident maihs but the execution scems like that 
of some weaker } upil or companion perhaps Pidolfo Ghulandaio 
“: Granacur =Eiutomim nt of Christ National Gallery London 
This picture, also unfinished has in hke manner been much con 
tested Its composition 1s unfoitunate weaher hands have dis 
figmec ome portionsofthe wok but the evtraordinuy excellence 
of other portions and the giandeur of some of the actions, 
render il proballe that the work 1s one be.un and afterwa Is 
abandoned by Michelan elo himself Cartoon of the Battle of 
Anghiart Ot this famous lost work (begun thouzh 2] a1ently 
not com; lete! in the period now engazin,z us) the only authentic 


record 1s contained 1n two eaily enziavin.s one by Marcantonio | 


nd the othe: by Avostino Va An elaborate drawing of 
many figurcs at Holkham Hall well known ant often engraved, 
seems to be a lat r cent) destitute of real authority 


Michelangelo hid not been long in Rome before Pope 
Julus devised fit employment for him That capacious 
and headstrong spirit, on fire with great enterpr ses, had 
conceived the idea of a sepulchral monument to com 
memorate his glory when he should be dead, and to be 
executed according to his own plans while he was still 
hvmg He entrusted this congenial task to Vichelangelo 
The design being approved, the aitist spent the winter of 
1505-6 at the quarries of Carrara, supermtcnding the 
““eavation and shipment of the necessary maibles In the 


spring he returned to Rome, and whcn the marbles anved | him 1emans his chief title to glory 


fell to with all ns energy at the preparations for the work 
For a while the pope followed their progress eagerly 
and was all kindness to the young sculptor But presently 
his disposition changed In Michelanzelos absence an 
artist who was no friend of his, Bramante of Urbino, had 
been selected by Juhus to carry out a new architectural 
scheme, commensurate with the usual vastness of his con 
ceptions, namely the rebuilding of St Petters church To 


the influence and the malice of Bramante Michelangelo | 
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attributed the unwelcome invitation he now received to 
interrupt the great work of sculpture which he had just 
begun, in order to decorate the Sixtine chapel with frescos 
Soon, however, schemes of war and conquest interposed to 
divert the thoughts of Julius, not from the progress of his 
own monument merely, but from artistic enterprises 
altogether One day Michelangelo heard him say at table 
to his jeweller that he meant to spend no more money on 
pebbles either small or great To add to the artists dis- 
comfiture, when he went to apply in person for payments 
due, he was first put off from day to day, and at last 
actually with scant courtusy dismissed At this his dark 
mood got the mastery of him Convinced that not his 
employment only but lis life was threatened, he suddenly 
took horse and left Rome, and before the messengers of 
the pope could overtake him was safe on Florentine 
territory  Michelangelo’s flight took place in April 1506 
Once among his own people, he turned a deaf ear to all 
overtures made from Rome for his return, and stayed 
throughout the summer at Florence, how occupied we are 
not distinctly mmformed, but apparently, among other 
things, on the continuation of his great battle cartoon 
During the same summer Julius planned and executed 
the victorious military campaign which ended in his 
unopposed entry at the head of his army into Bologna 
Thither, under strict safe conduct and promises of renewed 
favour, Michelangelo was at last prevailed on to betake 
himself Julius received the truant artist kindly, as indeed 
between these two volcanic natures there existed a natural 
affinity, and ordered of him his own colossal hkeness in 
bronze, to be set up, as a symbol of his conquering 
authority, over the principal entrance of the church of St 
Petronus For the next fifteen months Michelangelo 
devoted his whole strength to this new task The price 
at which he undertook it left him, as it turned out, hardly 
any margin to subsist on foreover, in the technical art 
of metal casting he was inexperienced, and an assistant 
whom he had summoned from Florence } roved insubor 


| dinate and had to be dismissed Nevertheless his genius 


prevailed over every hardship and difficulty, and on the 
21st of February 1508 the majestic bronze colossus of 
the seated pope, robed and mitred, with one hand grasping 
the hey» and the other extended in a gesture of henedic 
tion and command, was duly raised to its station over the 
church porch Three years tater 1t was destroyed m 
revolution The peojle of Bologna rose against the 
authority of Julius, his delezates and partisans were cast 
out, and his effigy hurled from its place The work of 
Michelangelo, after bemg trailed in derision through the 
streets, was broken up and it» fragments cast into the 
furnace 

Meanwhile the artist himself, as soon as his work was 
done, had followed his reconciled master back to Rome 
The task that here awaited him, however was after all not 
the resunption of the pay al monument, but the execution 
of the series of paintings im the Sixtine chapcl which had 
been mooted before his departure Paimting, he always 
averred, was not his business and he entered with 
misaiving and reluctance upon his new undertaking 
Destiny, however so rukd that the work thus thrust upon 
His history 15 one of 
mdomitable will and almost superhuman enerzy, yet cf will 
that hardly ever had its wav and of enerzy continualls 
at wir with circumstance = The only work which in ill his 
hfe he was alle to complete ay he had conceived it was 
this of the decoration of the Sixtine coring The pope 
had at first proposed 1 scheme includinz fiures of the 
twelve apostlesonly = Michclingel> would Le content wth 
nought so meagie, and furnished instead a deuizn of many 
hundied figures, embodying all the history of creation and 


232 


of the first patriarchs, with accessory personages of prophets 
and sibyls dreaming on the new dispensation to come, and, 
in addition, those of the forcfathers of Christ The whole 
was to be enclosed and divided by an elaborate framework 
of painted architecture with a multitude of nameless human 
shapes supporting 1ts several members or reposing among 
them,—shapes mediating, as 1t were, between the features 
of the inanimate framework and those of the great dramatic 
and prophetic scenes themselves iichelangelos plan was 
accepted by the pope, and by May 1508 hus preparations 
for its execution were made Later in the same year he 
summoned a number of assistant painters from I lorence 

Trained in the traditions of the earher Florentine school, 
they were unable, it seems, to interpret Michelangelos 
designs in fresco either with sufficient freedom or sufficient 
uniformity of style to satisfy him At any rate he soon 
dismissed them, and cairied out the remainder of his 
colossal task alone, except for the necessary amount of 
purcly mechanical and subordinate help The physical 
conditions of prolonged work, face upwards, upon this vast 
expanse of cciling were adverse and trying in the extreme 

But after four and a half years of toil the task was 
accomplishcd Michelangelo had during its progress been 
harassed alike by delays of payment and by hostile intrigue 

The absolute need of funds for the furtherance of the 
undertrking had even constrained him at one moment to 
bretk off work nd pursue his inconsiderate master as far 
as Bologna Hiv ill wisher» at the same tame kept casting 
doubts on his capacity, and vaunting the superior powers 
of Raphael That gentle spirit would by nature have been 
no mans enemy, but unluckily Michelangelo’s moody, self 

concentrated temper prevented the two artists being on 
terms of amity such as might have stopped the mouth» of 
mischief makers Once during the progress of his task 
Michelangelo was compelled to remove a portion of the 
scaffolding and exhibit what had been so far done, when 
the effect alike upon friends and detiactors was overwhelm 

ing Still more complete was bis triumph when, late m 
the autumn of 1512, the whole of his vast achievement 
was disclosed to view 


The main fiell of the Siatime ceiling 1s diviled into four larger 
alternating with five smaller fields The following 1s the order of the 
subjects deyietid in them —(1) the divi ling of the light from the 
darkness (2) the creation of sun moo and stars and of the 
herbage (3) the creation of the waters (4) the creation of man 
(5) the creation of womin (6) the tem tation and expulsion 
(7) an enigmatical scene sail to1 present the sacrifice of Cain and 
Abel but rath resembling the sacrifice of Noah (8) the deluge 
(9) the drunkenness of Noi The figures in the last thre. of these 
scenes are on a smallerscile than those in the fist six In numleis 
1, 3, 5 7, and 9 the field of the j icture 15 reduce11y the encroach 
ments of the architectural firamcew 1] and sujjortas ‘11 ese sub 
jects are flinked at eich enl by the fiwe of 1 seat 1 41 j het or 
siby! alternately two other yiophets are mtrolucel it cach ex 
tremity of the series making seven y 10} hets int five sil visan Il In 
the anzles tomght ani 1 ft of the y10;h ts at the tw» exti mities 
are the Death of Goliath the Death of Julith the Piven Sir 
pent and the Punishment ot Himan In the twelve lunettes 
wb ve the winlows anl the similar numbcr of tnangular vaultel 
spaces ovcr them ae mystcnous groups or yurs of grouys of 
figures which fiom Vich lanzelos own time hiv usually been 
known as Ancestors of Christ ~The army of nameless ar Intectmal 
ani sulorlinate figures 15 too numaous to be here s7 hen of 
The work reyresents all th powers of Michelangcl> at thar best 


Disdunings ill the a c ory clurements of the a s ait he» 


has concentiite] himself upon the exclusive delineation of the 
human form and fae it thar highest power His 1m4,,1nation 
has conceived an Lhishnowle lye and certainty cf han 1} w cnablel 
him to realize, attitules ind combinations of unmatcl el van ty 
and grandcur, and countenanecs cf wun atche 1 cay soiscness ind 
power But he has not tiuste] as he came later tc trust tc scicnce 
and acquired knowledge mcrely neither do his yer onigcs so far 
as they did afterwards transcend humin possubility or ] ave the 
fucts of actual life behind them = Inaworl In sul] mty often 
in excess of the occasion, 18 here no moi¢ than ejual to it more 
over 1t 13 combined with the noblest elements of £11 ¢ an] even of 
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over and above those which reveal themselves at a first glance or 
by a bare description,—they are from the nature of the case m- 
exhaustible, and can never be perfectly defined Whatever the 
soul of this great Florentine, the spuitual her of Dante, with 
the Chnistiamty of the Middle Age not shaken m his mind, but 
expanded and transcendentalized, by the knowledge and love of 
Plato,—whatever the soul of such a man, full of suppressed tender 
ness and righteous indignation, and of anxious questionings of 
coming fate, could conceive, that Michelangelo has expressed or 
shadowed forth in this gicat and significant scheme of paintings 
The detail» 1t must remain for eve) fresh student to interpret in 
his own manner 
The Sixtme chapel was no sooner completed than 

Michelangelo resumed work upon the marbles for the 
monument of Julius But four months only had passed 
when Julius died Huis heirs immediately entered (in the 
summer of 1513) into a new contract with Michelangelo 
for the execution of the monument on a reduced scale 
What the precise nature anJ extent of the original design 
had been we do not know, but the new one was extensive 
and magnificent enough It was to consist of a great 
quadrilateral structure, two courses igh, projecting from 
the church wall, and decorated on its thiee unattached sides 
with statues On the upper course was to be placed the 
colossal recumbent figure of the pope under a canopy, 
and beside it mourning angels, with prophetic and 
allegoric personages at the angles,—sixteen figures im 
all The lower course was to be emuched with twenty 
four figures in miches and on projecting pedestals —in 
the niches, Victories trampling on conquered Provinces , 
in the pedestals, Arts and Sciences in bondage The 
entire work was to be completed im nime years’ time 
During the next three years, 1t would scem, Michelangelo 
brought to completion three at least of the promised 
figures, and they are among the most famous of all exist 
ing works of the sculptors art,—namely, the Moses now 
in the church of S Pietro in Vincoli at Rome and the 
two “Slaves” at the Louvre 

The Moses originally intended for one of tl e angles of the uy per 
course 15 now J laced at the level of the ive, in the ccntre of the 

rin ipil face of the monument 1s it wis at list finished, on a 
feplorably reduced and alterd scile by Michelangelo and his 
assistants in his old age ~The proj het heavily bearded and draped, 
with only his mght arm Lare, sits with is left foot drawn lack, 
his lied rused and tuined to the left with an expression of in 
dignition and menace, his Jeft hand laid cn his lap and his nght 
giasping the tables ot the law The work exce;t in onc or two 
places is of the utmost finish, and the statue looks [the one of the 
prophets of the Sixtine ceihnz done in mauble The Sli 3 at 
the Louvre are youthful male figures of e yually y e1fict exccution 
nude but for the bind winch passes over the | reast of one and the 
right leg of the other One with his Icft h nd ratsed to his head 
aud his mht pressed to his bosom and his eyes almost closed, 
seems succumbing to the agonies of death the other with his unis 
tound behin| his back, looks upward stall hopelessly struggling 
There 1s reason to | elieve that all three of these fguies were finished 
between 1513 and 1516 The beginnings of other figures or gioups 
intended for the same monument ate t» be found at Florence, where 
they were no doult made wd then abandoncd some years later, — 
viz four rudely blocked fizmes of slaves or yrisonels in 2 motto 
of the Boboli gardens and the so call 141 tory in the National 
Museum, an unfinished groupcf a ccm itaut }uecling on and 
crushing to death a fallen cnemy, with these miy be ssociated 
a wax model known as Hemules and Ca us in the South hen 
sington Museum, and the figuic of a crouching man at St Peters. 
burg 

By this time (1516) Michelangclos evil star was again 
in the ascendant Julius II bad been succcedcd on the 
papal throne by a Medici under the title of Leo The 
Medici, too, had about the same time hy force and fraud 
re established their sway in Ilorence, overthrowing the free 
institutions that had prevailed there since the days of 
Savonarola Now on the one hand this family were the 
hereditary frends and patrons of Michelangelo, on the 
other hand he was a patriotic son of republican Florence, 
so that henceforward his personal allegiance and his 


tenderness As for the intellectual meanings of huis vast design, , political sympathies were destined to be at conflict. Over 
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much of his art, as has been thought, the pain and per 
plexty of this conflict have cast ther shadow For the 
present the consequence to him of the 11se to power of the 
Medici was a fresh interruption of his cherished work on 
the tomb of Julus Leo X and his kinsmen insisted that 
Michelangelo, 1egardless of all other engagements, must | 
design and cariy out a great new scheme for the enrich 
ment of then own family church of San Lorenzo mn 
Florence The heirs of Julius on their part showed an 
accommodating temper, and at the request of Leo allowed 
their three years’ old contract to be cancelled im favour of 
another, whereby the scale and sculptured decorations of 
the Juan monumcnt were again to be reduced by nearly 
a half Unwillingly Vichelangelo accepted the new com 
mission thus thiust upon him for the church facade at 
Florence, but, havimg once accepted it, he produced a 
design of combined sculpture and architecture as splendid 
and ambitious in 1ts way as had been that for the monu 
ment of Juhu, In the summer of 1516 he left Rome for 
Carrara to supcrintend the excavation of the marbles 
Michelangelo was now 1n his forty second year ~=Though 
more than half his life was yet to come, yet its best 
days had, av 1t proved, been spent All the hindrances 
which he had cncountercd hithcrto were as nothing to 
those which begin to besct him now Foi the supply of 
materials for the facade of San Lorenzo he had set a firm 
of masons to work, and lad himsclf, 1t seems, entcred into 
a kind of partnership with them, at Cariara, where he hnew 
the quatiies well, and where the industry was hercditary 
and well undaustocd When all was well in yrogiess thee 
under his own eye, reiwons of state duced the Medici 
and the Florentine magistiacy to bid him resort instead 
to certain 1¢ew quarries at Pietiasanta, near Seriavalle in 
the territory of Llorence Hither, to the disgust of his old 
chents at Cariaza ind to his own, Michelangelo accordingly 
had to transfei the scene of his labours Presently he found 
himself so impedcd and enaged bythe mechanical difficulties 
of raising and tiansportinz the mai bles, and by the disloyalty 
and incompetence of those with whom he had to deal, that 
he was fain to thiow up the commission altogether The 
contracts for the fayade of San Lorenzo were rescinded im 
March 1516, and the whole magnificent scheme came to 
nothin, Miuchelangclo then icturned to I lorence, where 
proposals of work powed in on him from many quarters 
The king of Tiance desucd something fiom lis hand to 
place beside the two pictures he possessed by Raphael 
The authonitics ot Bolozna wanted him to design a fagade 
for their church of St Petiomus, those of Genor to cast a 
statue in bionze of then gieat commander, Andrca Doria 
Cardinal Giimani begged hard for any picture or statue he 
might have to spaie other amatcurs umportuncd him for 
so much as a pencil diawing 1 sketch Lastly his friend 
and partisan Sebastian dcl Piombo at Rome, ever eagu to 
keep up the feud bctwcen the followers of Michelangelo 
and those of Raphael, busought him on Raphrels death to 
return at once to Rome, and take out of the hand» of the 
dead master’s pupils the works of painting still remainmg 
to be done in the Vatican chambeis Michelangelo comphed 
with none of theserequests All that we know of his doins 
at this time was the finshing a commission ieceived and 
first put in hand fom years previously, for a full sized 
statue of a nude Christ grasping the Cross Thuis statue, 
completed and sent to Rome in 1521 (with some last touches 
added by subordinate hands in Rome itself), stands now m 
the church of Sta Maiia sopra Minersa, there 1s little m 
it of the Chistian spuit as commonly understood, although, 
in those parts which Michelangelo himself finished, there 
is extreme accomplishment of design and workmanship 
The next twelve ycats of Michelangelo s hfe (1522-34) 
were spent at Florence, and again employed prneipally in 


they constitute as actually executed a conpl t scheme 
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the service of his capricious and uncongenial patrons, the 
Medic: The plan of a gieat group of monuments to 
deceased members of this family, to be set up in their 
mortuary chapel in San Lovenzo, secms to have been formed, 
and preparations to have been made by Michclangclo for 
its execution, as earlyay 1519 It was not, however, until 
1524, after Leo X had died, and his successor Adiian V1 
had been in his turn succeeded by another Medicean pope, 
Clement VII, that any practical impulse was given to the 
work Lven then the unpulse was a wascring one, First 
Clement proposed to associate another artist, Sansavino 
with Michclangelo in his task This proposal being ou 
Michelangelo’s peremptory demand abandoncd, Clement 
next distracted the artist with an order for a new archi 
tectural desizn,—that, namely, for the proposed Medicean 
or “Laurentian” brary When at last the plans for the 
scpulchi ul monuments took shape, they did not clude, as 
had been at first intended, memorials to the founacrs of 
the house s greatness, Cosimo and Lorenzo the Magnificent, 
o1 even to Pope Leo X himoclf, but only to two younger 
membeis of the house lately deceased, Giuliano, duke of 
Nemours, and Lorenzo, duke of Tibino Michelangclo 
liooded long over his designs for this work, and was still 
cngaicd on its execution—his time being partly also taken 
up by the building plans for the Medicean hbrary—when 
political revolutions imtcrposed to divert his dustry In 
1527 came to pass the sack of Rome by the Austrians, 
and the apparently irretrievable rum of Pope Clement The 
J lorentines seized the occasion to expel the Medici from 
then city, and et ipa free republican covcrnment once 
more Natuially no more funds for the work m San 
Lorenzo were forthcommz, and Michelangelo, on the 
mvitation of the new signory, occupicd himself for a 
while with desizns for a colossal gioup of Samson and 
the Philistines, to be wrought out of a block of maible 
which hid been rough hewn alicady fcr another purpose 
ly Baccio Bandinelli Scon, howercr, he was called to 
help in defending the city itselt fiom dan.ur Clement and 
his encmy Clarles ¥ having Lecome 1e oncilcd, both al he 
warcnow bent on binging | loience agai under the rule of 
the Mediu In view of the approaching siege, Michelangelo 
Was appointed engineei in chiet of the foitifications He 
spent the carly summer of 1529 m strengthenmg the 
defences of San Vimato, from July to September he was 
abscnt on a diplomatic mission to Temaia and Venice 
Returning in the middle of the latter month, he found the 
cause of Florence hopeless from internal treachery and 
from the overwhelming strength ot her enemis One of 
his dark seizures overcame him, and he deputed again 
suddenly foi Venice Not cowardice, but dexjan ot his 
city » liberties, and still more of his own protessional } ro- 
spects amid the turmoil of Italian affins, was the motive 
of his departure For a while he remained in Venice, 
negotiating for a future residence in France Then, while 
the siege Was still m progress, he returned once more to 
Florence , but in the final death struggle ot her liberties he 
bore no pait When m 1530 the city submitted to her 
conquerors, no mercy was shown to most of those who had 
taken part in her defence Michelangelo believed bims If 
in dangei with the rest, but on the intervention of Baccio 
Valor1 he was presently taken back mto tavow and 
employment by Pope Clement For three ye us morc he 
still remained at }lorence, enzaged principally on the com 
pletion of the Medici monuments, and on the contmuance of 
the Medicean hbriry, but partly also on a picture of L da 
for the duke of Tenara 


The statues of the Medicx monument trike 111k teside the Moses 
aid the Slaves 4s the finest work of Mi helan_el>» central time 
in sculpture, moreover, thou,h some of the f zurcs ait rea oe 

ey 
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consist of a Madonna and Child (left 1mperfect because the marble 
was short in bulk), and of the two famous monumental groups, each 
consisting of an armed and sc1ted portrut statue ina niche, with 
two emblematic figures reclining on each side of a sarcophazus 
below The porti uts are trated not realistically but tyyically In 
that of Lorenzo scews to be typified the mood of biooding and 
concentritid inwud thought preparatory to warlike action, in 
that of Gnuliino the type of alert and confident practical survey 
immediatly } 1eceding the moment of action To this contrast of 
the melitit: and active characters corresponds to some extent a 
contrast 1 th emblematic groups accompanying the portraits At 
the feet of the Duke Giuhano recline the sh y es of Night and Day ,— 
the formu + femak, the latter a male personification —the former 
sunk in an attitude of deep but uneasy slumber the latter (whose 
head anl fue are metely blocked out of the mirble) lifting himself 
in cne of wrathful and disturted awakenmg But for Michelangel)s 
unfailing ,) andcur of style, and for the sense which his works con 
vy of av mpulsive heat and tempest of thought and feeling in the 
ul that thus conceived them both these attitudes might be charged 
with catravagance As grin] but far Icss violent arc those of the 
two comyanion figures thit recline between sleep and waking on 
the sarcophagus of the pensive Lorcnzo Of these, the male figme 
15 hnown ab Fycning and the female as Morning (Crepuscolo and 
Aurora) In Mich lanz le 5 or,inal idea figures of Faith and 
Heaven wee to be associated with those of Night and Day on the 
monument of Giuliano and others of a corresponding nature, no 
doubt with thos of the Morning and Evenimg Twilight on that of 
Lorenzo these hzures afterwards fell out of the schene Machel 
angilos obvious an] fund unental idea was as sone worls of his 
own recor! to ecalubit the clements and the powers of earth and 
hewen lamenting the dearth of the prinecs, it 1s a question of 
much interest but not to te discuss. ! here, what othur iicas of 
a more por cnal ind decyer hind may hive conflicted 01 come into 
associiti n with thes, id found expression mm these majestic 
works of ut whecof no one who looks upon them can escape the 
spell 

Michclangclo had never ceased to be troubled by the heirs 
and executors of Julius, as well as by his own artistic con 
science and ambition, concerning the long postponed comple 
tion of the Julian monument Agreement after agreement 
had been mide, and then from the force of cicumstances 
broken In 1532, on the completion of the Medicean monu 
ments at Ilorencc, he entered into a new and what he firmly 
meant to be a binding contract to complete the work, on a 
scale once more very greatly reduced, and to set 1t up in the 
church of S Pietro in Vincoli in Rome But once more 
the demands of the pope diverted his purpose Clement 
insisted that Michelangelo must complete his decorations 
of the Sistine chapel by painting anew the great end 
wall above the altar, adorned until then by frescos of 
Perugino The subject chosen was the Last Judgment, 
and Michelanzelo began to prepare sketches For the 
neat two yeais he lived between Rome and Florence, and 
in the autuinn of 1534, in his sitieth year, settled finally 
and for the remainder of his life at Rome Immediately 


afterwards Pope Clement died, and was succeeded by 


Farnese under the title of Paul ITT Even more than his 


predecessor, Paul insisted on claiming the main services of 
Michelangelo for himself, and forced him to let all other 
engagements dnft lo: the first seven years after the 
artists return to Rome, his time was principally taken up 
with the painting of the colossal and multitudmous Last 
Judgment ‘\jus being completed in 1541, he was neat 
compelled to undertake two more great frescos, one of the 
Conversion of Paul and another of the Martyrdom of Peter, 
in a new chapel which the pope had caused to be built m 
the Vatican, and named after himself Capella Paolina 

The fresco of the | ast Tu ltment in the fixtine chapel is prob vbly 
the most famous sing] pi ture m the world In 1t Michelangelo 
shows more thin ever the ummny oten c of his artistic science, and 
the fiery daun, of fis ¢ nceptions The work exhibits the 
athletic unclothed human form im ev y vanety and extremity of 
hitherto unattempted action and predicament But of moderation, 
as well as of bevutv and tenilerness it 19 almost entarcly devoid 
Whether from the compleaion of his own thoughts and the 
seva indignatw that was native to his breast or from the mflu 
ence of the passionite and emlittered theolo,ical temper of the 
time, Michelangelo has iere neglected the consolatory 15} ects of 
Christianity, and insisted on its ternfic aspects almost exclusively 
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Neither in the qualitics of colom and execution is the work, so far 
a» the condition of erther admits comparison, compatable for charm 
to the earher and f11 morc nobly insyued frescos of the ceiling 
It 1s to these, ind not to the Last Judgment, that the student must 
turn if he would realize what 1s best and greatest in the at of 
Michelangelo 

Lhe frescos of the Pauline Charel are on their part in part so 
injured as to be hardly susceptible of uscful study o1 criticism 
In thcir ruined statu they bear evidence of the same tendencies that 
made the ut of Michelangelo in its litest phase so dangerous 
an example to weiker men,—the tendency that 1s, to seek for 
energy and violence of action both in place and out, tor ‘‘ternble 
niss quand méme, and to design actions not by help of direct 
study fiom nature, but by scientific deduction fiom the abstract 
laws of structure and movement At best these frescos can never 
have ben happy exammies of Michelangelo s ait 


During the fifteen years (1534-49) when Michelangelo 
was mainly engaged on these paintings, he had also at 
last been enabled to acquit Jumself, although in a manner 
that can have been satisfactory to none concerned, of his 
engagements to the heirs of Julius Once more the 
influence of the pope had prevailed on them to accept a 
compromise altogether to their disadvantage It was 
agreed that the Moses executed thirty years before should 
be the central figure of the new scheme, assistants were 
employed to carve two smaller flanking figures of female 
personifications , and the three were in 1545 set up in 
Pietro in Vincoli m combination with an architectural 
structure of rich but mcongruous design Dumng the 
same years the long pent human elements of fervour and 
tende1ness in Michelangelos nature had found vent and 
utterance such as they had never found before He had 
occasionally practised poetry in youth, and there are signs 
of some transient love passage during huis life at Bologna 
But it was not until towards his «ixtieth jear that the 
springs of feeling were fairly opened in the heart of this 
solitary, this masterful and stern, life weamed and labour 
hardened man ‘Towards that a,c we find him beginning 
to address impassioned sonnets, of which the sentiment 1s 
curiously comparable to that expressed in some of Shake 
speare s, to a beautiful and gifted youth, Tommaso Cavaheri 
Soon afterwards he made the acquaintance of the pious, 
accomplished, and high souled lady, Vittoria Colonna, widow 
of the Marquis Pescara For twelve years until her death, 
which happened 1n 1547, her friendship was the great solace 
of Michelangelos life On her, in all loyalty and reverence, 
he poured out all the treasures of his mind, and all his m 
prisoned powers of tenderness and devotion He painted 
for her a crucifixion of extraordinary beauty, of which many 
imitations but not the original have come downto us She 
was the chief inspirer of lus poetry,—in which, along with 
her praises, the main themes are the Christian religion, the 
joys of Platonic love, and the power and myptezics of art 
Michelangelo’s poetical style 1s strenuous and concentrated 
like the man He wrote with labour and much sclf correc 
tion , we seem to feel him flinging himself on the material 
of language with the same overwhelming energy and 
vehemence,—the same impetuosity of temperament, com 
bined with the same fierce desire of perfection,—with 
which contemporaries describe him as flinging himself on 
the material of marble 

And so the mighty sculptor, paimter, and poet reached 
old age An infirmity which settled on him m 1544, and 
the death of Vittoria Colonna in 1547, left him broken in 
health and heart But his strength held on for many a 
year longer yet His father and brothers were dead, and 
his family se tament concentrated itsclf on a nephew, 
Leonardo, to whom he showed unremitting practical kind 
ness, coupled with his usual suspiciousness and fitfulness 
of temper In almost all his relations the old man con 
tinued to the end to manifest the same loyal and nghteous 
heart, accompanied by the same masterful, moody, and 
estranging temper, as mm youth Among the artists of 
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the younger generation he held a position of absolute 
ascendency and authority, nor was his example, as we 
have said, by any means altogether salutary for them 
During the last years of his life he made but few 
more essays in sculpture, and those not successful, but 
was much employed in the fourth art m which he ex- 
celled, that of architecture A succession of popes de 
manded his services for the embellishment of Rome 
For Paul WT he built the palace called after the name of 
the pope’s family the Farnese On the death of Antonio 
da San Gallo he succeeded to the onerous and coveted 
office of chief aichitect of St Peter’s Church, for wluch he 
remodelled all the designs, living to see some of the main 
features, uncluding the supports and lower portion of the 
great ccntral dome, carried out in spite of all obstacles 
according to his plans Other great architectural tasks on 
which he was engaged were the conversion of a portion of 
the Baths of Diocletian mto the church of Sta Maria degh 
Angeh, and the embellishment and reairangement of the 
great group of buildings on the Roman Capitol At length, 
in the midst of these vast schemes and responsibilities, the 
heroic old mans last remains of strength gave way He 
died on the threshold of his nmetieth year, on the 18th of 
Tebruary 1564 

For the bibliography of Michelangelo, which 1s extensive, see the 
useful thou,h very unperfect compilation of Passerim, Bibliogn afia 
di Mi helany lo Buonarroti, &c , Llorence, 1875 The most impoit 
ant woiks, taken im chronologwil order, ue the following —P 


Giov1o, supplement to the fragmentary Dialogus de viris litterrs 
lustrebus, written soon afte: 1527, fist published by Tirvbeseli, 


Stora della Letterat ra valaia, Modena 1871, G Vasin, in | 


Vite degli pou cc ellent. architettoit, prttorrt, e sculéri, &e, 
Tloience, 1550 A Condivi, beta de Muchelang lo Duonarroti, 
15538, this account for which the author 1 pupil ind fricnd of the 
master’s, had long been collecting mitertal4, was much fuller than 
that of Vasui who mide uc of it in rewriting his own lite of 
Michclangelo for his sccond elition, which appeared after the 
masters de ith (1 68) The best edition of \asuiis that by Mila 
nesi, Florencc, 1878 83 of Condivi, that by Gort and Manictte, Pisa, 
1746 = Lhe fist additions of importance wee pul lished Ly Bottan, 
haccolta di lettere sulla putwa, & , Rome, 1754 (2d cd, by 
Licozzi, Milan, 1822) the next by Gaye, Cartegqro znedito 1840 
Portions of the corresponden e preserved in the Buontroti uchiscs 
were published by Gusti in his notcs to the Rume di Aft helangelo 
Buonarroé. 1868, ani by Daelli in Carte Michelangelesche rnedite, 
Milan, 1865 Complete biogriy lies of Michelangelo had been 
mernwaile attempted by J Harford, Lend n, 18 7, ani with 
more powcr by Hermann Gumm Len Muhelangelos Hanovei 
(uth ed, 1879) <A greit increment of bogiazhual mated 
was at length obtained by the publication im the fur hundicdth 
year after Michelangilos buth, of the whole body «ft his letters 


preserved in the Buonanioti archives,—Lettere du Muhelongelo ' 


Buonarrofti, «cd G Milancs: Florence, 1875 This mitettal was 
first employed in 1 connected narative by { Gotti Tata du Wickel 
angelo, Hlorence, 1875 Next folloned GC Heath Wilson Life and 
Works of Michelangelo Buonarroti, Hlorinee, 1570, the technial 
remarks in Which, espciilly as concerns the ficsco paintinas, are 
valuable Lastly, the cc mbined lives of Michclanzele ind hay hael 
by Professor A Springer in Dohmes scrts of Aust a Aw stler, 
Leipsic, 1878, conta the best biography of the master which has 
yet appcared Of the poems of Michelangelo the best edition 18 
that alrea ly eferred to —G Guasti, Rame di Urchelanglo buonar 
rote, 1863, in earlier additions the text had been recklessly tampered 
with, and the 1ugged individuality of the mastcrs style sn oothed 
down An edition wit! German trinslitions was published by 
Hasencleser, Leipsic, 1875, for the English student the translations 
by Mr J A Symonds, in Sonnets of Michelangelo and Cam 
panella, Lon lon, 1878, aic invaluable (> C) 


MICHELET, Jutns (1798-1874), one of the most 
voluminous and remarkable writers of Trance, and one 
who only lacked a keener power of self ciiticism to make 
him one of the greatest, was born at Paris, August 21, 1798 
He belonged to a family which had Huguenot traditions, 
and which was latterly occupied in the at of prmting His 
father was a master printer, but seems not to have been 
very prosperous, and the son at an early age assisted him 
in the actual work of the press A place was offered him 
in the impeuial printing office, but his father was able to 
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send him to the famous Collége or Lycée Charlemagne, 
where he distinguished himself He passed the university 
examination in 1821, and was shortly after appointed to a 
professorship o1 rather mastership of history in the Coll¢ge 
Rollm Soon after this, in 1824, he married The period 
of the Restoration and the July monarchy was one of thc 
most favourable to rising men of letters of a somewhat 
scholastic cast that has ever been known in France, ana 
Michelet had powerful patrons in Villemain, Cousin, and 
others But, though he was an ardent politician (having 
from his childhood embraced republicanism and a peculia 
variety of romantic free thought), he was first of all a man 
of letters and an inquirer into the history of the past 

His earliest works were school books, and they were not 
written at a very early age Between 1825 and 1827 he 
produced divers sketches, chronological tables, dc, of 
modern history Huis Precis of the subject, published in 
the last-mentioned year, 1s a sound and careful book, far 
better than anything that had appeared betore it, and 
written in a sober yet interesting style In the same oe 
he was appomted maitre de conferences at the Ecole 
Normale Four years later, in 1831, the Jntroduction a 
1 Eastoue Uniwerselle showed a very different style, exhibit 

ing no doubt the idiosyncrasy and literary power of the 
wiiter to greater advantage, but also displaying the peculiar 
visionary qualities which make Michelet the most stimulat- 
ing but the most untrustworthy (not im facts, which he 
never consciously falsifie,, but im suggestion) of all 
historians The events of 1830 had unmuzzled him, and 
had at the same time improved his prospects, and put him 
in a better position for study by obtaming for him a place 
m the Record Ofhcc, and a deputy protessorship under 
Guizot in the literary faculty of the university Very 
soon afterwards he began lis chief and monumental work, 
the Hestowe de J rance, which occujned him for about forty 

years, and of whih we shall speak presently But he 
accompanied this with numerous other works, chiefly ct 
ciudition, such as the Z'uzres Chores de Vico, the Bf mor7es 
de Luther ecrits par lumeme, the Origines du Droit 
Iyancats, and somewhat later the Proces des Templrers 

1835 was a yea of great importance in Michelets life 

He was in the tulness of his powers, bh. studies had fed 
his natural aversion to the piimciples of authority and 
eccleslasticism, and at a moment when the revived activity 
of the Jestts caused some real and more yietended alarm 
he was appointed to the chau of history at the College de 
France Assisted by his fnend Quinet, he began a violent 
polemic agamst the unpopular order and the pmneiples 
which it represented, a polemic which made ther lecture~ 
and especially Michelet s, one of the most popular resorts 
of the day He published, m 1639, a History of the 
Roman Republic, but this was m his graver and earher 
manner The results of his lectures appeared in the 
volumes Le Prétre, la Femme, et la Famille and Le Peuple 
These books do not display the apocalyptic style which, 
borrowed to a certain though no very great extcnt from 
Lamennais, characterizes Michelet’s later works, but they 
contain in miniature almost the whole of his curious ethico- 
politico-theological creed—a mixtme of sentimentalism, 
communism, and anti sacerdotalism, supported by the most 
eccentric arguments, but urged with a gieat deal ot 
eloquence. The principles of the outbreak of 1848 wert 
m the air, and Michelet was not the least important ot 
those who condensed and propagated them indeed his 
ouiginal lectures were of so incendiary a hind that the 
course had to be interdicted But when the actual revolu- 
tion broke out Michelet, unlike many other men of letters, 
did not attempt to enter on active political life and merely 
devoted himself more strenuously to his literary work 

Besides continmng the great history, he undertook and 
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carried out, during the years bctwcen che downfall of Louis 
Philippe and the final cstablishment of Napoleon IIT, an 
enthusiastic (Zest nre de (t & volution Iranyasse Despite 
or because of 1ts enthusiasm, this 1s hy no means Michelet s 
best book ‘The events were too near and too well known, 
and hardly xdmittcd the picturesque sallies into the blue 
distance which mike the charm and the danger of his 
larger work In actual picturesqueness as well 1 m general 
veracity of picture, the book cannyt approich Carlyles, 
while 15 1 mere chronicle of the events it 1s mferior to half 
1 dozen ynosaic histories older and younze: than itself 
[he coup dctat lost Michelet his plaice in the Record Ofhce, 
as, thou,h not in any way identified with the republic 
administraitivcly, he refused to trike the oaths to the 
empire But the new 2eg27e only kindled afresh hi 
repul ly an zed und lus second marriage (with Mademoiselle 
Adde Muutet, 1 lady of some litcruy caprcity, and of 
republicin helonzmss) stems to have turther stumulated 
his powus While the history steadily held its way, a 
crowd of citriordmuy litth books accompinied and 
diversiicd it So netimes they were expanded versions of 
its eprscdes sometimes what may be called commentanes 
or com union volumcs 11 some of the best of them 
naturil surnce a new subject with Michelet, to which his 
wife 1s Leleved to have introduced him, sipphes the text 
Lhe tu t of these (hy no means the best) was Les L emmes 
d dt Rev lution (154), m which Michelet» natual and 
inimitable ficulty ot dithyrambic too offen gives way to 
tedious and not very conclusive uzemcnt and } reaching 
In the next, 7 Or er (1556), a new and most successful 
vain was stitch = The sul ject of natural history was treated, 


not fiom the } smt of view of mere science, nor fiom that ° 


of scntim nt nor of inccdote, nor cf poss but from thit 
of the authors fervent democratic pant] ei m, and the 
result, thouzh as was to be expected unequal wis often 
erccllent LJne t im tne same hey but duller tollowed 
It wis succeeded by Lufm ur (159), one of the autho s 
most popilir books, and not unworthy of its j opularity 
bait perhajs hurdly Ins best These remarkable works, 
half pimy bict> half moral treatises, succeeded cach other 
wa rule at the twelve months intcrvil and the succession 
Was almost unbroken for five or wx vears LZ im ur was 
followel by Le fre (S60) a tok on viuch a whele 
critique of Trench literature and Trench chu acter micht 
be founded Then came J ¢ We (1461) a rctnin to the 
natural history class which con iJerin, the powers of the 
writer and the attricticn of the whyect is yerhips a little 
disappointing The next year (1462) the most striking 
of all Michekts mnor worthy, Ze $> vere, made its 
appearance Develoj< 1 out of an episode of th history, 
it has all its suthor » yrculiarities m the strcnc t dc urce 
It isa mghtmare and nothmz mi but a nichtmaie cf 
the most catraordinury vei umilitudc andy ett al yower 
This remukatle series, evuy volume ot whih wa at 
once a work of mization and of 1c euch was not even 
yet finshel but the liter volumes cxhibit a certain fil 
ing off Ibe ambitious Bille de i Hu mit (1864) an 
historical sketch of rclisions has but little merit 
Mont ¢77¢ 41868) the list of the natural history scries the 
tricks of staccito style are yushed even farth r than by 
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famishing populations of the Riviera is (whether true to 
fact or not) one of the best things that Michelet has done. 
To complete the list of his miscellaneous works, two collec- 
tions of pieces, written and partly published at different 
times, may be mentioned ‘These are Les Soldats de la 
Revolution and Legendes Democrats yues du Nord 

The publication of this series of books, and the comple 
tion of his history, occupied Michelet durmg both decades 
of the empire He lived partly in Fiance, partly in Italy, 
and was accustomed to spend the wimter on the Riviera, 
chiefly at Hyeres At last, in 1867, the great work of his 
hfe was finished As it 1s now published 1t fills mmeteen 
volumes ‘The first of these deals with the early history 
up to the death of Charlemagne, the second with the 
flourishing time of feudal Fiance, the third with the 13th 
century}, the fourth, fifth, and sixth with the Hundred 
Years’ War, the seventh and eighth with the establishment 
of the royal power under Charles VII andIous 31 The 
16th and 17th centuries have four volumes apicce, much 
of which 1s verv distantly connected with Irench history 
proper, especially in the two volumes entitled Renarwsan ¢ 
and Reforme The last three volumes carry on the history 
of the 18th century to the outbreak of the Revolution 
The characturistics which this rematkable history shares 
with Vichelets other works will be noted presently At 
present 1t may be remarked that, 1» the mere division of 
subjects and spice would imj]y, 1t 1s planned on very 
onzinal principles Michelet was perhaps the first 
lustorian to devote himself to anything like a picturesque 
history of the Middle A,cs, and his account 1s still the 
most vivid thou,h far from the most tiustwoithy that 
exists His inquiry into manuscry t and printed authorities 
was most laborious, but his lively ima,ination, and his 
strong religious and political preyudices made him 1egaud 
all things from a singularly jerscnal point of view 
Circumstances which strike his fancy, or furnish convenient 
terts for lis polemic, are handled at inordinate length, 


while others are rapidly dismissed ¢1 } assed over altogether 
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inevitable in the hans of such a mast r of luiguage as 
Michelet —the cffcct 1s frequertly prin hose if n t grand 
Nos Fils (1869) the lust of the string of sriiller books 
published dutin, the authors htc 1 a tractite cn cduca 
tion, written with amyle hnowle oc of the ficts and with 
all Michelet’s usual sweep and rinze of view, but with 
visibly declining powers of expression But in a bock 
published posthumonsty, Le B en suet, these powers rcapp ar 
at thew fullest The pictus of the mdutrious and 


Yet the book w undoubtedly the only history of lrance 
which beats the imprint of genius, and in this respect 1b 1s 
not soon likcly to mect a rival 

Uncompromisingly hostile as Wichclet was to the empue, 
its downfall and the accompany inz disasters of the country 
once more stimulated him to activity Not only did he 
wiite letters and pamphlets during the struggle, but when 
it was over he set himself to complete the vast task which 
lus two great histories had almost covered by a ffistory «ft 
the \ineteenth Century He did not, however, live to carry 
it further than Waterloo, and the best criticism of it 1s 
} crhaps contained in the opening words of the introduction 
to the last volume—“ 1 dge me press.” ‘The new 1cpublic 
was not altogether a restoration fur Michelet, and his 
jy rofessorship at the Colléze de Trance, of which he con 
tunded that he had never been properly deprived, was not 
given back to him He died at Hycres on the 9th of 
lebruary 1874, and an unseemly Ie zal strife between his 
representatives took place as to his funcral 


The htcruy characternstics of Mictcht ar among the most 
ele wly n wk d and also among the most peculiur in French hitera 
turc A certain rescinblin et» Lamennais has been already noted, 
ul to this may te added an o ¢ aston il remimisecnee of the manncr 
cf B ssuct = Butin the mun Vichckt cvcn m the minor details of 
style 15 quite orginal and individual = His sentences and paragraphs 
arcs liffer nt as possitle in constru tion and rhythm from the 
orlerly ar hit tme of French class: ub prose A very frequent 
dviecf his (somewhat abuse} Jatt ry) 15 the omission of the 
vil which gives the sentence the an of ac ntinned interjection 
Tlsewhere he trcaks his plrase not fishing the regular clause 
atall In these points ani many cthers the re emblance to his 
cont mporary Carlyle 15 very striking and, different as were 
thar yoints cf view ther manners of s(cing were by no means 
unhk — History to Vachclct 1s always picturesque, 1t 19 a series 
of tableaux Allusion has been already made to the singular per- 
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spective in which these t ul lequx arc diawn, 1] cispective so strange 
that + reader unacqu uuted with the actu | size ani relation of the 
objects represented 13 certain to be deceived Nothing indeed 1s 
farther fiom Viche cts purpose than decut Although 1 strong 
1epublican, an arlent inti sacerdotalist and 4 patuot of fanaticil 
enthusiasm, he 1s ilw 1ys surupulously fair as fai as he undetstan Is 
what he 1s domg lo: instance Is hatred for England and 
Fnglishmen 1s one of the most comically mtense passions in litera 
ture Hei never tuel of xclarming ainst then diibolical prd, 
thei odious jealousy of Liance, their calculating cuvetousness ind 
so torth 
lustory 15 a hind of conflict cf Oimuzl and Ahriman in whi h 
Frince, 1t 1s ne dless to sj, plays the fist y utand Tn land the 
secon! Let heis never unfair to Fnglish { ititude ind coolness 
never (after the cnil lish fashion of some of his conntiy men) sls 
over Ln ish victories md often capresses genuine admuation 
(mixed 1t15 true with 1 shuddcr 01 twoof aeision) for the master 
tul ways ind constintly 11s uncing ieee erity of the 1 nglish peoy le 
So with wil his dislike to the yiustho d, he never 1s chuy of p21 use 
to } ope or monk wh never it camefauly Le given, ani, with all his 
republicanism he 13 never wealy of worshiyyin,, the heroism of 4+ 
gicit king But lis poetical fashion of dealing wih events Ins 
ex iggelation of trivial inci lents into gieit ficts of history his fixed 
1ders especially im ief renc to the intellectual and soci) con lition 
of medieval times the evils of which he enormously cx ig erates, 
and his ali ding  rejudices of a genet ul hind combine to distort his 
accounts in the strangest fishion A liborious y¢19cn miyht pick 
out of contemp rarv iuthors 2 notable collect: n ot ec1roneous views 
of which Michelet 1s not so much the author as the suggest 1 for 1t 
1s When his tilhant exaggerations ue ton fiom then contcat und 
set down in some quite othe: context as sober go } cl that they are 
inost mislea lin, to those who do not know the ficts and most 
otesquet thuse whodo This is especially the cise in rejard to 
iterature Mauchelet began his great work too carly to enj y the 
benelit of the resuriection of of] Liench it ratuie which has si ee 
trken place anl though lus view of thit literatme j atikcs of the 
amoious enthusiism which colous his v1 w of everything French 
It 1s astoundingly incorrcet in detail The nosti m akille p24 
of all perhaps i» the prgsaze in his Aenar sance relutin,, to Ivil clats 
Ronsard, an! Di J) lry, a passage so widely inconsistent not only 
with sound ciiti ism | ut with histoire fact that the author (avery 1 ue 
thing with hii) mals a kind of half apology for it clseewhere Of 
the work of the ae of chivaliy yroper the chansons de g stes, the 
Aithuria yo11in cs. the carly lyrics and diamas, he «vidently knew 


tut little and chose to sul ordinate whit he did hnow to his general | 


the uesof the time J} scn much later his y1a1s ind blame thou,h 
transpaicntly honest ue ywite haphizard Unless, therefore the 
reader be gifted w th avery rae faculty of apply jth gran or 
salt towhithe revis or unless he b well acyuant 1 with th 

actual frets bef 1e coming to Michekts veisicn f them he will 
almost certunly be nisl ¢ But ‘ ite this grive driwla kh 
(which attends all pictures ue } istory) the v duc cf Micl el t mer ly 
as an lustoriin is immense Not only ac us separate tables 

the won lerful . oj:iphierl she ch of Fiance im th beginning of 
the book, the se tions devoted to the Tenylu to Join of Arc tc 
the Renaissance to the Cimisads, almost un ya lel bit the m 

spuiting and stimulating cffcct of his work 1s not to be sur} assed 

If his reconstruction 15 often hazardous and con} ctl, 59m times 
defimtely und demonsti lly mistaken and n nly uways dif ult 
to adjust entuely to the ascertained frets itis always pcsstlle m 
itsclf always mstinet with genius, and alwvyshife like = There a¢ 
no deid bones in Michckt , they are if u oe only too sturing 
and lively These ciiticisns ipply eywailly to the minor bo }s 

though these are necess uily fuller of the author» somewh t wean 

some propiganda and less ful of biillaintly pant 1 fats The 
great fault of Michelet 23 of not 1 fow othe: molcin authors 1s the 
compuatively 1m} 1ovised and cphemeial chu ietei cf too much of 
Ins work His immense volume 1s, much of it mae brillant 
pumphleteering, much more mere descr} tion equally Luilhant but 
equally hablet» pass Nevertheless hes (espe rly in Liench the 
language par erccllence of meismied anl acidemi 4 erfection) so 
chairetenstic and singulu a figme im his turn) cloyzuence an 
fitful flashing insight that he 15 never likely to low 1 itice und a 
notable one in literiry histo; 

Almost all Michelet s works the exceptions being lis t ansiations 
compilations, & , are published in uniform size and in about fitty 
volumes, partly by Murpon and Flammanon, putly by Cilmann 
Levy (G@ SA) 

MICHELL, Jonny, an emment English man of science 
of the 18th century He received his university education 
at Queen’s College, Cambrdge His nime appear 
fomth in the Tripos list for 1748-49 , and in 175 he wis 
moderator in that exammation He ww a fellow of lus 


college, and became successively Woodwaidian professor 


of geology (in 1762) and rector of Thornhill in Yorkshire area 18 58,915 square miles 


| 


In his excited ima_inition the 1 ng diimyof Luope n - 
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He was elected a member of the Royal Society in the same 
year as Henry Cavendish (1760) He diedin 1793 In 
1750 he published at Cambridge a small work of some 
eighty pages, entitled A Zreatise of Artepcwl Magnets, in 
which shown anersy and expeditious meth d cf masking 
them supervor to the lest nual ones Besides the descrip 
tion of the method of magnetizition which still bears his 
name, this work contams a variety of acute and accurate 
magnetic observations, and 1s particulaily distinguished by 
a lucid exposition of the nature of magnetic induction 
He 1s now best known ‘1s the original inventor of the torsion 
balance, which afterwards |ecame so famous in the hands 
of its second inventor Coulomh  Muchell described 1t m 
his proposal of a method for obtaining the mean density 
of the carth He did not live to put his method mto 
practice, lut this was done by Heniy Cavendish, who 
midc, by means of Michells apparatus, the cclebrated 
determination that now gocs by the name of Cavendish 3 
experiment (Phil Jrans, 1798) 

Michell $ othe: contiibutions to seience ue— Conjectures con 
cermu ¢th Cau e and OF ersations uy on the | henon cna of Earth 
quikcs hil Thais 1760, OF carvations on the Comet of 
Januay 1700 1t Camliige £6 1760 <A Peecmmendation of 
H dicys Quadiant for Surveying Jt 1765 Ticyosal of a 
Metlol {1 me sunny D giecs of Lon,itude 1} on J atallels of the 
Iquato. 7? 1766 An Ir guny into the Probable Larallax and 
Ma,uitul of the linc1Stus Jb 1767 ‘ On the Twinkling of 


the TinciStus Jt 1:67 On the Means of Discovering the 
Distarce VM gmitule && of th Tixed Stas, Jb, 1764 


MICHILOZZI, Wicnitozzo (1391-14721), was a 
Florentine by birth, the son of a tailor, and in early life a 
puzil ot Dcnatello He wis a sculj tor c+ some alnlity in 
maible, bionze, anl silver The statue of the joung 
St John ou the doo: ot the Duomo at Florence oj posite 
the bapt ste1y, » by him, and he als made the | eautitul 
silver statuette of the Baptist on the alta: frontal of San 
Giovanni Vichelozzis great friend and } ation was Cosimo 
IT det Medici, whcm he accompamed to Veruc in 1433 
during his shoit ealu While at Venice, Michelozzi built 
the library of San Gior,10 Maggiore, and designed other 
buildings there ‘he mavmificent Palazzo dui Viedici at 
Llorence, built by Cosimo, ws designed by him it 1s one 
of the noblest specimens cf Itahan loth-century architec- 
ture, 11 Which the creit taste and skull of the architect has 
combined the delicate lightness of the earlier Itahan Gothic 
with the massive statcliness of the Classical style With 
gieat engineering shill Michelozzi shored up, aud partly 
rebuilt, the Palazzo Vecchio then m a ruinous condition, 
and added to 1t many important rooms and staircases 
When, m 1437, throujh Cosmos hberality, the monastery 
of Sin Marco at Florence ws handed over to the Dominicans 
of kiesole, Michelozzi was em} loyed to rebuild the domestic 
part and remodel the chuich For Cosme T he designed 
numerous othe: buildin_s, mostly of great beauty and 
importance Amcuz thee were. quest house at Jcrusalem, 
for the use of Florentine pilgrims, Cosmos summer villa 
at Careggi, and the stioncly fortified palace of Catagiuolo 
im Mugello For Giovanm det Medici, Cosmos son, he 
built a very larze and magmfcent palace at Fiesole In 
spite of Vasaris stitemunt that he died at the age of 
sixt} eight, he ap; cats to have lived til 1472 He 1s 
buried m the monastcry of San Marco, Florence Though 
skilled both as a sculptor and engineer, his fame chiefly 
rests on his architectural works, which claim for him 4 
position of very high honour even among the greatest names 
of the great 15th-century Plorentines 

MICHIGAN, one of the States of the American Union, 
situated in the region ot the great lake. It hes between 
41° 42’ and 47° 32 N lat, and 82° 24 and 90° 31 W 
long , the centre of the State beg 670 milcs north of west 
from New York, the nearest pomt on the seaboard The 
The State consists of two 
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natural divisions, hnown as the Upper and the Lower 
Peninsula The Upper or Northern Peninsula is bounded 
on the N, I’, and S by Lakes Superior, Huron, and 
Michigan, and on the W by the 11ver St Mary and the 
State of Wisconsin The Lowcr Peninsula 1s bounded on 
the W, N, and E by Lakes Michigan, Huron, St Clair, 
and Eric and the St Clair and Detroit rivers, and on the 
S by the States of Ohio and Indiana = The gencral contour 
of the Lower Peninsula approaches that of a horse shoe, 
with an avcraze width of about 200 miles from east to 
west and a length of about 300 miles from north to south 
Its surface zradually 11ses in gentle undulations from the 
surrounding lakes to an elevation of about 400 feet above 
Lake Huron, no point reaching an altitude of more than 
600 feet ‘The Upper Peninsula is much mote rugged in 
contour and suiface, at some points reaching an elevation 
of about 1100 feet The territory was orizinally covered 
with forests, with only here and there a small open prairie 
Tt abounds in fine inland lakes, with areas varying from 
a few acres to several miles The rivers are not large 
enough to be navigable, but they afford ample water powe1, 
and are particularly valuable for floating down the logs of 
the lumbciin, districts The coast line of the State 1» not 
less than about 1600 miles in length , and along the whole 
ot this distance vessels of 2000 tons may pass without 
losing sizht of land 

Geclogi al Formatwn —The Lowe: Peninsula occupies 
the central part of a great basin, the borders of which 
extend to the east 1s far as London, Ontai1o, and to the 
west as far as Madison, Wisconsin Within these lumits 
the traveller starting m any direction from the centre of 
the State encounters successively the outcroppiny edges 
of older ind olde: strata ‘The whole serics has been 
likened to a nest of wooden dishes, it embraces not 
only the Laurentian and Huroniin systems but also 
the numcious groups that yo to mike up the Sulunan 
the Devonian, the Carboniferous, and the Quaternary 
systems These seveial formations ue covered almost 
universally with a drift of finely communuted and triturated 
1ock, borne thithu ly} moving glaciers and floating 
icebergs, or wished to Its jrcscnt yo> tion by currents 
of water, while the surface Wis still submerjed This 
loose material varics in thickness * metimes extending to 
1 depth ot 200 or 300 feet While the lower formations 
contain almost inexhaustible deposits of co] per, 1ron 
gypsum and salt the surface soil 1s pre eminently fertile, 
unitins all the miner il constituents necessary for the mo t 
luxuriant growth of plants There are hmited areas of 
light and somewhat stele diift soll but cren these 
have shown themselves under jroje1 trcatment to be 
capable of jiclding a rich vectation Lor the most 
part the drift soil 1s composed ct 1 mixture of clay 
with sand and gravel It 1. easily cultivated, 15 retentive 
of moisture, and 1s sufficiently porous t> r vent the mjury 
of crops Ly eacessive rains 

Clim ue and Natural Produ ts —The mean temperature 
of Lansing the cayital of the State, a» detcrmmed by 
observations catendin, throu_h eighteen ycars 1 46 71 
Fahr , or about the same as that of Berlin Turm, the 
summer months the mean temperature 1s nearly the samc as 
that of Vicnna 1m the winter 1t1 nearly that of Stockholm 
The annual rainfall durin, the eighteen ycars } revious to 
1882 was about 3linches This: very evenly distributed 
throughout the jear, though a littl more than half the 
amount falls in the five months from Vay to October 
The average snowfall in the cen ¢ of tne state 1s about 4 
feet, though it 1s seldom that more than 12 inches he on the 
ground at any one time § The winter temperature 1s much 
modified by the open water of thc adjaccnt lakes The 


severe winds are commonly from the west and north wust, Lake Michigan 
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but in sweepin,z across the open waters of Lake Michigan 
they are so far softened as to make the climate much 
milder than that found im the same latitude on the westein 
side of the lake This peculiarity 1s specially favourable to 
the growth of fruits Peaches are grown successfully along 
the 45th parallel, and figs thrive in the open air im lat 423° 
The modifying influence of the lake winds also gives great 
variety to the flora The predominant woods are oak, maple, 
beech, elm, ash, cherry, hickory, walnut, basswood, and pine 


| All these grow luxuriantly in the vast forests of the State, 


and afford an abundant supply of the best timber There are 
165 species of trees and shrubs indigenous to Michigan, 
and the entire flora of the State makes a het of 1634 
species 

Cereals and I’ruts —The most important cropof Michigan 
1s wheat, and the average y eld per acre, as shown by the 
latest census, 1s greater than that of any other State in the 
Union The acres sown in 1879 were reported as 1,822,749, 
and the amount produced as 35,532,543 bushels These 
figures show that Michigan 1s fourth in rank of the wheat 
producing States, the number of bushels grown being 
exceeded by the crops of Illmois, Ohio, and Indiana In 
1879 the yield in bushels of the other principal cereals 1s 
shown by the following figures —Indian corn, 32,461,452 , 
oats, 18,190,793, bailey, 1,204,316 rye, 294,918, buck 
wheat, 413,062, clover seed, 313,063, pease, 538,332 
The crop ot potatoes in the same year was 8,025,475 
bushels, and the hay amounted to 1,051,115 tons Of 
the fruits grown in the State apples are the most important, 
and these are believed to be unsurpassed in cacellence in 
any country in the world The sales m 1880 were 
4 534,936 bushels, a considerable quantity going to the 
markets of Europe Next in importance 1s the peach crop, 
annually gathered from more than fitty of the counties of 
the State In 1880 the peach oichaids were reported as 
covering 12,908 acres, and the fruit sold as amounting to 
413,418 bushels The long coast line of Lake Michigan 
affords easy access to market even for the most perishable 
fiuits Besides the facilities thus afforded, the railroads 
that now thread the State, with an aggregate length in 
March 1882 of 4332 mules, afford abundant means of 
1apid transportation As the fruit belt extends f10m north 
to south more than 200 mules, the danger of disastrous 
competition in the markets 1s obviated by prolonzation of 
the season of mpening At the meeting of the State 
Horticultural Society held in 1881 1t was reported that 
the average value of the peach crop per acre wis above 
5125 The ten volumes of the 7: ansactions of the State 
Horticultural Society published since its organization in 
1570 show that the development of fruit culture within 
the last decade has been much morc rajid than im any 
other State 

Lumber —The timber } roduce in Michigan 1s of superior 
quality, and the amount is so great that about two thirds 
of the best lumber sold in New Ycrk, Philadelphia, and 
Boston go out from its mills The logs are borne along 
the lakes, rivers, and small watercourses to thc booms of 
mills situated at convenient points, where the lumber 13 
sawed and shipped for the different markets of the world 
Of these manufacturmg districts those known as the 
Saginaw, the Grand River, and the Muskegon valleys are 
the most important The Saginaw 1cicives the waters of 
the Tittabawasse, the Cass, the Llint the Shiawasse, the 
Bad, the Pine, the Chippewa, the Tobacco, and their 
numerous tributanes, draining a vast resion that still yields 
an undiminished supply of pine The forests of the western 
jarts of the State are easily accessible by the Grand River 
and its tributaries, while those still farther north find a 
natural outlet through the numerous streams that flow into 
On the banks of these watercourses are 
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some of the largest and finest mills of the world In 1854, 
when the first effort was made to collect statistics of this 
industry, 1t was found that there were only sixty one mills 
1n operation, and that the entire annual product was only 
108,000,000 feet Eighteen years later, m 1872, 1t was 
estimated that the annual product was not less than 
2,560,000 feet of oak, 12,700,000 of staves, 300,000,000 
lath, 400,000,000 shingles, and 2,500,000,000 of sawed 
pie The number of saw mills had already reached about 
1500, the number of persons employed 20,000, and the 
capital represented $25,000,000 In 1881 the manufacture 
of pine lumber amounted to 3,919,500,000 feet, the value 
of which exceeded $60,000,000 The aggregate value of 
the forest products of the State was estimated in 1881 
to have reached more than $1,000,000,000 Torestry 
Bulleten, No 6, wsued December 1, 1881, estimated the 
amount of standing white pie of merchantable quality at 
35,000,000,000 feet, and the amount of standing hard 
wood at 700,000,000 cords Besides these amounts, the 
same authority estimates the amount of hemlock at 
7,000,000,000 feet, with 7,000,000 cords of bark, and an 
aggregate of 70000,000 of cedar and tamarach It 15 
probable that before many years the hard wood produced 
by the State will approach in value the figures representing 
the value of the pine now sent to the markets of the world 
It 13 probable that Michizan for many years to come will 
maintain its j reecdence as a Jumber producing State 

Mineral Resources —Of the mineral products of Vichigan 
the most important 1s iron As early as 1842 the report 
ot the first State geologist, Dr Douglas Houghton, called 
attention to the presence of hemtite ore, though for a 
considerable time after this 1t was not found m such 
quantities ac to make 1t certain that mining could be made 
profitable Before 1860, however, 1t became known that 
iron in the Ujper Peninsula not only existed in vast 
quantities, but also that 1t was of superior quality From 
that time iron mines were rapidly developed, until in 
1881 they had come to exceed in value, though not in 
amount, even the products of Pennsylvania In 1880 
the product was 1,834,712 tons, with a value at the mines 
of $6,034,648, as against the yield m Pennsylvania of 
2,18.,675 tons, with a value of $5,517,079 The product 
of Michigan in 1852 was 2,948,307 tons of ore, with a 
maiket value of about $2v,000,000 The Michigan 
minerals are of extraordinary richness,—62 9 jer ccnt 
being the e112, of the fst class ores while the furnace 
books often show a much hizher yield 

Next in importance to the ron mines are those of copper 
These are also situated in the Noithern Peninsula in the 
mountain rinze of trappean rocks which crown the point 
of land extending northwirds mto Lake Sujcnior his 
secondary peninsula o1 cape, known a» Keweenaw Paint, 
rises to an average height of about 600 feet voove the lake, 
the higaest pmnrcles reaching nerrly double that altitude 
This point contains what are believed to be the mchest 
copper Irmes ever discovered, the metal 1s not found as 
an ore, but as vin copper almost chemically pure It 
has only to be separated from its rocky mati\, when it 1s 
ready for the maket Tho largest of the copper mincs, 
that at Calumet, has bu lt up an industry which employs 
2000 men, and its total product of 1efined copy er m 1dd2 
was no Iss than 50,770,719 1b, or oneeighth of the 
annual production of copper in the world In quality the 
copper of the Lake Superior district is such that 1¢ com 
mands the highest price at home and abroad _Its tenacity 
is remarkable, and therefore it 15 eagerly sought after for 
cartridges b, all the great mihtary powers In 1882 the 
copper m1 1es paid dividends amounting to $2,900,000,— 
making an aggregate of $28,248,000 simce they wee 


opened 
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Within a few years the salt-works of Michian have also 
come to exceed those of any other State mm the Union 
The first well was sunk m 1859-60, but in 1882 the pro 
duction was found to have exceeded that of the famous 
works in New York, and to have amounted 1m that year 
to no less than 3,204,921 barrels The extraordinary 
development of this industry 1s due to several causes A 
careful system of inspection by State authority has kept 
its salt unsurpassed in purity The salt basin is not only 
accessible by navigable waters, so as to have the advantage 
of cheap transportation, but the wells are situated in the 
great lumber producing districts, and the manufacture 1s 
thus carried on at very small expense, in connexion 
with the saw mills The power 1s furmshed by the same 
engines, the exhausted steam 1s used for the evaporation 
of brne during the day, and during the might evapora 
tion 1s still carried on by means of refuse wood and saw 
dust, while the staves for barrels are made from rejected 
timber By this system the best quality of salt 15 obtained 
at a minimum expense The chief reservoir ot salt is the 
series of sandstones and shales constituting the Waverly 
group This salt producing rock covers no less than about 
8000 square miles, and 1t 1s safe to presume that the supply 
1s inexhaustible The average depth of the wells 1s about 
800 feet, but m some localities wells sunk to nearly 2000 
feet have been remuneratisxe Important salt works have 
recently been develo; ed in the western part of the State 

There are also certain other minerals of considerable 
umportance Deposits of gypsum, easily accessible, prac 
tically inexhaustible in quantity, and superior m quality, 
are found in several localities both in the eastern and m 
the western } arts of the Lower Peninsula In the outskirts 
of Grand Rapids the deposit cro} s out at the surface, and at 
an average de; th of from 40 to 70 feet extends over an 
area of 10 or 12 square miles The roch 1» easily quarried, 
and 1s either ground for use as a fertilizer or calcined into 
plaster of Paris The deposits of coal are supposed to 
cover about 8000 square miles, but as yet the product 
at any one joint his not been very considerable In 
quality the coal 1s hnghly bituminous and 1s not sufhciently 
pure to be useful for smelting or for the manufacture of 
gas For these reasons the stock of coal im the State 1s 
practically untouched If future explorations and expen 
ments should make these deposits available, a new era m 
the manufacture of iron will be the result At present 
the coal for smeltmg the Lake Superior ores 1» brought 
chiefly from Ohio and Pennsylvania Quarrnes of hme 
stone and of sandstone have been opened in various parts 
of the State The brown stone of the Upper Peninsula 1s 
of excellent quality, and 1s cable of receising a high 
finish The sup; ly is mexhaustible and the accesubility 
of the quarnes by water gives promise of a thrivins 
industry The grindstones taken from the Huron county 
quarries are of superior quality, and the «lites found m 
unlimited quantities on the shores of the Huron Bay a 
unsurpassed in point of durability and colour Clas» and 
sands of commercial value are found in great abundance 
Though the manufacture of glass 1s yet in its mfancy 
sands in large quantities have been discovered in Monroe 
county suitable for the manufacture of 1 late glass of excel 
‘ent quility Brick and tile clays are found mm all parts of 
the State Though native silver has been found in small 
quantities in the Upper Penmsula the systemiti mining 
of this metal has not yet been carind on with successful 
results The Report of the commoner of mineral 
statistics for 1882 shows that, except 1» to coal Viichigan 
18 the foremost of all the States m nuneral wealth 

Fisheries —The ,ecogia} hi al position of Michigan explains the 


fact that its fresh water fisheries are the most }roluctive in the 
United Statts The most im} ortant vareties of fish ate lake trout, 
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sturgeon, bass, pickcrcl, herting, brook trout gray ling, and white 
fish Gener Jaws for the y10t« ction of fish have been passed, and 
a fish commission hiy heen muntuned for some ycars for the 
purpose of prop, iting the best varieties and planting them in 
waters adapted to thar natural devclopment Up to the close of 
1880 the commuissioncrs had plinte 1 vbout 80,000,000 young white 
ash, 1,000 000 sily re Is 1,000,000 lake trout 2 000,000 salmon, 
ind 500 000 11c 0) trout, besides smaller numbers of shad, grayling, 
pike and lass 1] xcellent results have followed, especiuly in the 
multy li itr n of white fish, simon and cols In 1879 the total 
‘take wis 24 013 100 Tb of which 12,902 200 fb wore white hsh, 
he mcst valuible lake fish known to cpicures and to commerce 
During wit rlirge quintities preserved by ficezing ue trken to 
Tast 1n mukcts, where they arc readily sold at a high price 
flu ater il Institut ons —As early 16 1789 the law of congress 
whi h yrovide | for the sale of Iunds north of the Uhio 111 reserved 
for the suj port of public schools § scction 16 of ewh township 
‘his fundimental law devoted to educ ition’ purposes one thuty 
sixth of ill the lands of that sast domim known as the north 
western taitos Lhe ‘‘ordinince of 1787, by which this 
turit iy wis o1janized further proviled that ‘schools and the 
means of clu ition shall for cver Le encour ized In 1826 this 
congrissi nil ition Wits supplemented }v i grant to Michigan of 
two townshiyscf land for the founding ind support of 4 univcisity 
When M1 hijin lecume a State in 1837, 1ts cducational policy took 
definite form The constitution provided, not only that the giant 
f ‘section 16 should be devoted exclusively to the su port of 
hools cf the prmary gridc, but also that the State and not eich 
township sh mutt le the custodian of the lands so appropriated 
the constitution expressly provided that the proceeds from the 
silc cf $s hool Janis should be held by the State as a perpetual 
tunl the imterest of whi h should be annually apphed to the sup 
port of primaty schools ‘Lhe linds devoted to school putposcs in 
Va Ingim unlat these provisions amounted to 1,077 209 actes, of 
which, 1n September 1801, 675 000 acres had been soll On the 
sum 1 ized by these sales, $3,095 679, the State pivs intercst at 
7 percent, imi the resulting income amounting to $216 64», 1s 
annuilly distributed to the schools ‘Llus souice 1s sup} lemented 
from local taxes, so thit m 1881 the total sum 1calized from all 
sources for the prin wy s hols was $3 644,778 
The schools on zumiz d un icr State law ure hnown as graded and 
ungraded Jn the small distucts wha the schools ue under the 
chaige of but one 2 twot a hers priding is impracticable Of 
ungraded distr. ts there were im 1801 6120 attended by 219 570 
hilircn, while th pride l sch | were 404 in number, with an 
ittendance of 1u2043 Lhe s ho 1 census includes all children 
betwcen the agrsof five and twenty umountin,, in 1881 to 518 317, of 
whom there was an ave a itten dunce of 891 401 Jo all chudien 
of school age th yullt stho Is ae tree though af ¢ may ber 
juned for ulyim el studies un the highs heols ]he unmediite 
administrition of the scho Is 15 entrusted to schocl officers clected 
imnually by the tix payers of the indivilual distmcts The State 
onstitution requires thit a free «hoo! shall be in session vt least 
thice mcnths of every year in each di trict In districts of more 
than 8u ind 14s thin 600 Claildien th liwacquics tt Ieist five 
honths «cf scl cl while m districts cf more than 800 childicn 
the session must 1} ot Jess than mune months in length — In the 
rade l schools th livistn is into primary 5 hocls grammar schools, 
ind hish scho ls evh of these divis: ns retamng the scholar 
ordinarily fourycus At theendof the oursc the stu lent is ready 
for the univcmity to which, under curtun sti tions provided by 
the univer ity itself he is admitted o1 diplema fiom tlhe lich 
pchool §=The univers ty of Mi Ingan, situated at Ann Arlor was 
first 0} ened for iustiuction in 1841 = It now 1688 cor sists of the 
department of Iiteriturc science and the irts the depirtment 
of medic m, the pat ig nt of law the colleze of homa yathic 
medicine, the chool of pharmicy, the collesze of dental suucen, 
nd the school of yolitical science 
lepartments atc the Stite hospitals In 1881-82 there were 86 
officers of mnstructin aid 1 34 students Thc total in ome for the 
year 1879 $0 from Icderal grant State giants ard fecs was 
$231,309 The gencral c utrol of the umiversity 1s ylice 1 an the 
hands of eight regzcuts e] ctud by popular suffrage at the bienmidl 
spring elections two iets Leng chosen at cach election The 
normal schol situate] tt Ypsilanti and generously sup ortcd by 
the State my be sad to ccmy let the s hool system 
Charitable and Icy sriatary I st tutec ts —4 5 hocl for the deaf, 
dumb, and blind imstituted underan Act piss 11n 1848, 13 situated 
at Flint, about 60 mules north west of Detroit im Teliuwy 1882 it 
had 249 pupils In 1879 a distinct school for the tr uning of the 
blind was established at Lansing Ihe ‘State publi school for 
dependent and neglected children” 15 devoted to the systematic 
education of such children a» otherwise would have to Lt maintaine } 
in the county poorhouss The puyils are divided into ‘‘famihes” 
of about thuty each, an1 ate cared for in s¢parate cottages, each 
cottage be ng under the cuarge of a ‘‘covtage manager The 
school receives dependent children of sound health, and fiec from 
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contagious disease , and 1t 1s made the duty of the officers havin’ 
charge of the poor to send all such children between the ages o 
three and twelye toit This mstitution, the pioneer of its kind. 
and one of the most useful of charitable schools, 1s situated at Cold. 
water, 132 miles south we t of Detroit In }cbiuary 1882 ther 
were 320 children and 21 ofhcers and terchers ik ‘* Reform 
School at Lansing 1s designed to reclaim juvenile offeuders whe 
have been convicted of some offence A firm of 224 acres connectet 


with the school 1s, in considerable pat, tillud by the boys Th 
number of inmates m February of 1882 wis 325 A simular schoo. 
at Adrian has iecently been instituted for zuls Lhere are Stat 


asylums for the insane at Kalimazoo (715 patients) and Pontiac 
(499 patients) The legislature of 1881 movided for the establish. 
ment of an additional asylum in one of the noithern counties of th 
Lower Peninsula 

Poynelation —In 1837 the State had 174,647 mhabitants Th 
numbers according to the different census icturns from 1840 ar 
given 1n the following table — 
! 


Total Miles Fumal s omic Mas 
912 267 113 “88 98 479 307 
091 hod 20) 87 187 To7 707 
“43113 s)4 04 Jot 419 1211 
118409 617 740 rer 44 2001 
1¢3¢ 957 $62 678 4 oy) 97 80 





At the last ccnsus 888, 58 of the inh il itants were of forcign birth, 
97,346 being natives of the United hingdom 89 08 Germans, anc 
16,445 Scandmavians In point of population the Statc, whict 
was twenty thind in 1840, now stinds ninth in the Union 

The followimy are the principal citus im the State, with popu 
lation at the census of 1880 —Detroit, 116,340 , Giand Rapids City. 
32,016, Bay City, 20,693, East Saginaw City, 19,016, Jachsor 
City, 16,105, Muskegon City, 11,26. Siginiw City, 10,525, Por 
Huron, 8883, Klint City, 8410, Lansing (the State capital) 
8319, Ann Arbor, 8061, Adizan City, 7849, Tittle Ciech, 7063 
Manistee 6980, West Bay City, 6.97, Aljeua City, 6153 
Ishpeming 6039 

History and Government —The State of Vichi.an 1s part of th 
ternitory that wis first settled by the French, and until the fall o. 
Canada into the hands of the British atte the middle of the 18th 
ecntury was under the government of Ncw France — [he tertor: 
was explored by Jesuit missionaries in the 17th contury , but. 
although 1t was known at an carly ycriod that the lands were 
of exccptional excellencc, very little pr gicss wis Inade in develop- 
ing the resourccs of the te1itory until utcr the complction o. 
the first half century of the Amcucim Union Ihe surveyor 
emyloyed by the gcnerul government to mycct the linds inc 
report as to their fitness for settlement by the soldiers of the wa: 
of 1812 appear to have derived thet 1m 1cssions almost ¢ xclusiy el; 
from the low lands in the south cistern corne of the territory — ‘Lhe 
report, accordingly, was not fivourille, and conse eae the tide 
of immigration that had already be.un 1) set in flowed steadily 
pist Michigan into the terutories farthar west It was largely to 
this reason that the early development of Indiana, Ilimois, lowa 
and Wisconsin was somewhat more rajil thin that of Michigin 
But gradually the false 1mpressions concerning the soil and climat: 
were dispelled , and within the past few ycais the imcrease of th: 

opulation and the growth of wealth have been very ale 
n 1851 the valuation of the Stite fcr } wy oses of taxation (whi ft 
excludes much valuable propeity) wis »30,976,270, im 186], 
$172,055,808 , in 1871, $630,000,000 at 1851, $810,000,000 
The State constitution, adopted im 1837 ut the time of admussior. 
to the Union, has been modified in some minot yatticulars , but u 
most respects it remains unchanged ‘The governcr 19 elected for 
two years, with no restriction as to reckction The |cgislatur. 
mects biennially in the first weck of Januuy and usually continue: 
in session till May The supreme court consists of four Judges 
chosen by popular vote for terms of eight ycars, one being electea 
every second year Judges hive been so ficquently re elected that 
the office may be sud to be practi ally 1 priminent one, with © 
provision for termination in case of nced — Lhe State 19 divided intc 
twenty two Judicial districts, in each of winch 1 cireuit court sits fur 
the tual of causes of otiginal juris ition ind of causes appealec 
from the justice courts The judges of the cir uit courts are alse 
elected by popular suffrage = On politic 1] questicns voting 18 oper 
to all naturalized citizens of the malc «\ more than twenty-one 
ycars of age unless prevented hy some nitural disqualification A‘ 
school meetings the nght of suffrage 1s extended so as to include 
tax payers of either sex 


Authorities —Fredenck Morley, Michigan and its esources, compiled under 
authority of the State, 2d ed Dctrot 1852 Wall ngs Atias of Michigan. 
with an Account of the Topography, Climate and Geol gy of the State, by Alex 
Winchell LLD James V Campbell Outlines of t Polsttcat Asstory ¢ 
Michygan Reports of the Secretary of the State Pomolog: al Socrety cf Michigan 
from 1871 to1° 0) = Renort of the Commeestaner ff Fduc (sq fay 18®)) Part Are 
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Annual Report of th Sup rintendeit of Publee Insts uctron of the State of Michigan 

for the year 1881, Reports of the G ologtcil Survey of the Si1t of Michigan 
869 80 4 vols Special Report of Commissioner of Mireral Statist: arch 

1883 , J orestry Bulletins for 1881 (C K A) 


MICHIGAN, Lake Sce 81 Lawrevci 

MICHIGAN CITY, a town of the United States, in 
Laporte county, Indiana, on the south east shore of Lake 
Michigan, 40 mules east south east of Chicago As a 
lake port and a junction for several railroads, it 18 a 
place of considerable prosperity It 1s the largest lumber 
market in the State, and one of the largest in the west, 
and has numerous manufacturing establishments The 
northern State prison (with 577 convicts at the close of 
1880) 1» one of the principal buildmgs The population 
increased from 3985 m 1870 to over 10,000 in 1553 

MICHMASH (1939, D3), the scene of one of the 
most striking episodes in Old Testament history (1 Sam 
xiv, comp vol xu p 403),‘was a place in Benjamin, 
about 9 Roman miles north of Jerusalem (Onom , cd Lag , 
p 280) Though it did not rank as a city (Josh xvi 
21 sq), Michm1sh was recolonied after the eile (Veh 1 
31), and, favoured by the possession of excellent wheat 
land (Afishna, Men vin 1) was still a very laige villazc 
(Maxas) in the time of Euscbins The modern Makhmas 
1s quite a small place 

The histor u interest of Michmash 1s connected with the 
strategic il importin e of the } osition commanding the north side 
of the lass of Mi hmash, which imide it the head yuuters of the 
Philistines and the centie of theu forays in then attempt to quell 
the first 11sing un Icr Saul 5 it was also at 4 later date the head 
quence of J nithan the Hasmonein (1 Mac ix 73) Jiom 
erusalem to Mount yj hram there are two mam routes The y1e 
sent carayin rovl kee} the hih ,1ound to the west neu the water 
shed, and words the Pass of Michmash alto,ether But another 
route the mp itn ¢ of which in antiquity may be judged of from 
Isa x 28sq le 1 south irls from {1 over an undulitin, plate ww to 
Michmash Thus fu the 10ad 1s e1sy Lut at Michmash it descends 
into a very steep aml rough uley, whi h his to be crossed before 
teascendig toG ba! At the bottom of the viley 1s the Pass of | 
Michmash, a nobl gorge with precipitous ciag.v sides On th | 
north the crig 1s crowned Ly a sort of }lateau slojyu g backwards 
into a round toypel hill This little plateau, alout 4 mile east of 
the present villa.e of Makhmas secms to have becn the } ost of 
the Philotines lyinz close to the centre of the msurm ction yct 
possessing unusually good cor muniec ition with them establishments 
on Mount Ephraim by wiy of Ar ani Lcthel and at the same tim 


omm uding the routes lading down to tle Jordan fiom Ai and 
fiom Michmash itself 


MIChIEWICZ, Apam (1795 105), Polish poet, was 
born in 179d, near Nowogrodch, in the present government 
of Minsk, where his fithcr, who belonged to the schlachta 
or lesscr nobility, had a small property The poet was 
educated at the university of Vilna, but, becoming 
involved in some political troubles there, hc was forced 
to terminate his studies abruptly, und was ordered to live 
fora time in Russia He had aleady published two small 
volumcs of m sccllaneous poetiy at Vilni which had been 
favourably received by the Slavoni public, and on his 
arrival at St Petersburg he found himself admitted to the 
teading literary circles, where he wis 2 great favourite both 
from his agreeable manners and his extraordimary talent 
of improvisation In 182) he visited the Cirmea which 
inspired a collection of sonnets m which we miy admire 
both the elsrance of the rhythm and the rvh Oriental 
colournmg The most beautiful aie She Storm, Brhcha 
serat, and Grave of the Countess Potocha 

In 1628 appeared his Aonrad Wallawod  nariative 
poem describing the battles of hm, hts ot the Teutonic 
order with the heathen Lithuanuins Here under 2 thin | 
veil, Michiewicy reprcsented the sinzumuy prwsaiges of 
arms and burning hatred which had chirieteuized the lonz 
feuds of the Russians and Poles = The objects of the poum, 
although evident to many, eseiped the Russian censors | 


1So Isa x 28 dexribes the mvad leavin, his hea Lazgage 
at Michmash before pushing on thro tzh the p 


_ lady, Selina Szy nianowska, who became msanc 


| havinz been given on the 26th of May lot 


ela to put them into shape 
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and it was suffered to appear, although the very motto, 
taken from Machiavelli, was significant ‘ Dovctc adunque 
sapere come sono duo generazion1 da combuittcre 

bisozna esscie volpe e leone After a five years exile in 
Russia the poet obtained leave to travel, he had secretly 
made up his mind never to return to that country or Polana 
so long as it remained under the govunumcent of the 
Muscovites Wendinz lis way to Weimar, he there mide 
the acquaintance of Goethe, who reccived him cordially, 
and, pursuing his journey through Germany, he entered 
Italy by the Splugen, visited Milan, Venice and | lorence, 
and finally took up his abode at Rome Lheie he wrote 
the third part of his poem D iady, the sukject cf which 1s 
the religious commemoration of theu incestors practised 
among Slavonic nations, and Pan 71 lew, lis longest 
poem, by many considered his masterpiece \ graphic 
j1cture 1s drawn of Lithuania on the eve of Napoleons 
expedition to Russia in 1812 In 1832 Vichiewicz left 
Rome for Paris, where his life was for some time spent 
in poverty and unhappiness He had married a Polish 
In 1440 
he was appointed to the newly founded chan of Slavonic 
languages and literature in the Collége de Fiance, a post 
which he was especially qualified to fill, 25 he was new 
the chief representative of Slavonic hteratwe Poushkin 
having died in 16387 He was, however only destined to 
hold it for a little more than threc years, his last lecture 
His mind 
had become more and mcre disordued under the influence 
of reliious mysticism His lectures }ecame a medley of 
region and politics, and thus hou, ht him under the censure 
ofthe Government A selection ot them has lx cn published 
in four volumes They contain some zood scun | criticism, 
but the philological part i» very defective tor Wichiewiez 
wis no scholar, and he 1s obviousiy only w ll acquainted 
with two of the liter itures, viz, Polish ant Russian the 
latter only till the year 1830 A very sad yuture of the 
dechning diys of Mickiewiez is .1ven m the memcirs of 
Herzen Ata compar .tively cals per d the unfortunate 
} %t exhibited all the sicns of yremature old ae poverty, 


| duspan, and domestic afflicticn had wiought their work 


upon him In 1649 he tounded a French newspaper, 
La Tribune des Peuples, but it only exasted a yeu = The 
restoration of the Trench empire seemed to kindle his 
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In raising a regiment of Polts tu take serve azunst the 
Tussians He died suddenly there nm 189) and his body 
was removed to France and Lured at Voitmcieney 


Mickiewicz 1° held to have Leen the grt + Siw mcy t with 
the exception of Poushkin =U nfortunat jy in ot] ry uts of Luroje 
he 1s but httle Anown he wut im 4 very diffcult langage and 
one which it 1s not the fashion cl un  Lllerew rt th pathos 
and irony in the exyressicn tse Ly abolish lils t> a toragner, 

Nous avons notie Michiew) za1ous He rs one of the best pro- 
ducts of the socalkd romanti hool Th P kes hal lon 
groied under the yoke of the clissi ists and the duntry wre fu 
of legends and picturesque stories which only awaited the coming 
Hence the great po} ulanty among 
Lallads each of th m bein,, « nnected with 
Besides Aonrad Willenrad and Fan 
Tadius., attention may be called to the yom Git xa whh 
describes the aiventuies of a Lithuanian a ftain 5 igunst the 
Teutome knights It 1s cud by Ostrowski to have un spind the 
Liave Filia Llatar, who wi the heromme wf the relethon of 1830, 
and after having fought in the rinks of the mung nts f ula 
wave in the forests of Lithuama A fine vig rous Ontentil pie ¢ 38 
Farys ery good too are the ods tc } uth mit the his 
torn Lelewel, the former did much t stimutit the ef! its of the 
Y les to shake off then Russiin c nqueror It 1scn ugh to say 
of Mickiewicz that he has obtane 1 the proud po tin of the repre- 
sentative poet of his country hoa custcms her suycrstitions, her 
histors, her struggles are reflec clam his works 
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MICKLE, Wietraw Junies (1734-1788), son of the 
minister of Lan liolm, Dumttsshire, holds a respectable 
place among the imitative minor poets of the 15th century 
He wrote 1 yom on Anowledge—carefully versified, 
pomtmg 2 moral on the vanity of intellectual pride— 
at the ize of eightucn, entered mto business as a brewer 

¢ his tithers request and agaist his own moelinations, 
soon bevunc bankiupt, went to London on outlook for 
work is 2 man of letters, solicited pationage in vain, 
cuncd 1 livmg hardly by writing for magazines, made 
some umpression in 1765 by “a poem im the manner of 
Spen cr” callud the Concubine (atterwards Syr Ma:tyn), 
was ypomted coriuctor to the Clarendon Press, and finally 
took a place amon, the leading poets of that very barren 
tume by a translation of the Zus:ad of Camoens into heroic 
couplets (specimen published 1771, whole work 1775) 
So great was the repute of the work that when Mickle— 
appomted secretary to Commodore Johnstone—visited 
Lisbon in 1779 the king of Portugal gave him a public 
reception Avs a translator of Camoens Mickle has been 
superseded, but he aimed, not at close rendering of the 
ori.inal but at making a poem which should be worthy of 
4 permanent place im Unglish literature This ambition 
he wis not capable of fulfilling, though he had great 
fluency and vigour It may be doubted whether the 
fashionthle forms which he mutated were the best suited 
to his natural gift, He shows delight im lively action, a 
sense of dramatic cffect, and, in the Con ubine, the sub 
stance of which might have becn conceived by Crabbe, 
consider ible fulness of detail m coarse realistic pamting 
Certainly, if the Scottish poem There s nue lu kh aboot the 
hoose wis Michles, he mistook his medium Scott read 
and admu 1 Mickles poems m his youth, and, besides 
founding A alwth on the ballad of Cumnor Hall, was a 
good dui influenced by him im style Mackle’s prose 1s 
lively and vi,oreus 

MICROMLII 2, an mstrument generally applied to 
telescopes and microscopes for measurmg small angular 
distances with the former or the dimensions of small 
objects with the lattu 

Before the mvcntion of the telescope the accmacy of 
astiunomic il ob ervations was neccssarily limited by the 
angle that ould | distimguished by the naked eye The 
anzle Tctween tw objects, such as stars or the opposite 
limbs of the sun, wis measured by dnecting an arm 
finished with fine ‘ ghts (in the sense of the “sishts ” 
of a ule) first up n one of the objects and then upon the 
(ther, or by employing an mstrument having two arnis 
eich furnished with a pair of sights, and dnecting one 
pan of sights uj on one object and the second pair upon 
the other The anzle through which the arm was moved, 
or, in the latter cave, the angle between the two arms, was 
read off up n i fiucly ~1aduated uc Wath such means no 
very bash accurs y wis possible Archimedes concluded 
Hom his muusur nents that the suns diamcter was greatur 
than «7 ind Ics» than 32 , and cven Tycho Brahe was so 
nu led |v las measures of the apparent diameters of the 
sun and moon % to ¢onclude that a total eclipse of the sun 
was imp ble? Mic thn im 1579 determimed the relative 
positions of eleven stars im the Pluades (Historias Ca lestes 
Lun Bas tt, Auz burg, 1666), and Winnecke has shown 
(Monthly A thes R A S,vol 144m p 146) that the 
probable cnor .. these measurvy amounted to about 


1 Grant, Mistry cf Physical Astr 1 ny p 449 

2 This is an a tom hug weuracy when the difficulty of tle olje ts 
wconsilire! ew persons can see with the naked eye—mnu h less 
Treasure —1i0re thar six stars of the Pleiade althou,h all the stars 
measure l by Maestlin have been seen with the nalel eve ty 4 few 
1iliy duals of exceptional powers of cy 1,]t 
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The invention of the telescope at once extended the 
possibilities of accuracy in astronomical measurements, 
The planets were shown to have visible disks, and to be 
attended by satellites whose distance and position angle 
relative to the planet 11 was desirable to measure It 
became, in fact, essential to invent a “micrometer” for 
nicasuring the small angles which were thus for the first 
time rendered sensible There 1s now no doubt that 
Wilham Gascoigne, a young gentleman of Yorkshire, was 
the first inventor of the micrometer Crabtree, a friend of 
his, taking a journey to Yorkshire in 1639 to see Gascoigne, 
writes thus to his friend Horrocks “The first thing Mr 
Gascoigne showed me was a large telescope amplified and 
adorned with mventions of his own, whereby he can take 
the diameters of the sun and moon, or any small angle in 
the heavens or upon the earth, most exactly though the 
glass, to a second’ The micrometer so mentioned fell 
into the possession of Mr Richard Townley of Lancashire, 
who exhibited 1t at the meeting ot the Royal Society held 
on the 25th July 1667 

The principle of Gascoignes micrometer 1s that two 
pointers, having parallel edges at mght angles to the 
measuring sciew, are moved mm opposite directions sym 
metrically with and at mght angles to the axis of the 
telescope The micrometer is at zero when the two edges 
are brought exactly together The edgesare then separated 
till they are tangent to the opposite limbs of the disk of 
the planet to be measured, or till they respectively bisect 
wo stars, the angle between which 1s to be determined 
The symmetrical separation of the edges 1s produced and 
measured by a single screw, the fractions of a revolution 
of the screw are obtained by an index attached to one end 
of the screw, reading on a dial divided into 100 equal 
parts The whole arrangement 1s elegant and ingenious 
A steel cylinder (about the thickness of a goose quill), 
which forms the micrometer sciew, has two threads cut 
upon it, one half beng cut with a thread double the pitch 
of the other This screw 1s mounted on an oblong box 
which carries one of the measuring edges, the other edge 
is moved by the coarser part of the screw rclatively to the 
edge attached to the box, whilst the box itself 1s moved 
relatively to the aus of the telescope by the finer screw 
This produces an opening and closing of the edges 
symmetrically with respect to the telescope axis Flam 
steed, in the first volume of the Hrstoria Calestis, has 
msertcd a series of measurements made by Gascoigne 
extending from 1638 to 1643 These include the mutual 
distances of some of the stars in the Pleiades, a few observa 
tions of the apparent diameter of the sun, others of the 
distance of the moon from neighbouring stars, and a great 
number of measurements of the diameter of the moon Dr 
Bevis (Phil Trans, 1773, p 190) also gives results of 
measurements by Gascoigne of the diameters of the moon, 
Jupiter, Mars, and Venus with his micrometer 

Delambre gives? the following comparison between the re 
sults of Gascoigne’s measurements of the sun s semi diameter 
and the computed results from modcrn detcrminations ~ 


Gase ir Conn d Ten ps 

October 25 (05) 16 11 or 10 16 10 0 
. Le, 16 11 16 11 4 
December 2 , 16 24 16 16 8 


Gascoigne, from his observations, deduces the greatest 
variation of the apparent diameter of the sun to be 35’, 
according to the Connazss ince des Temps 1t amounts to 
32 3% These results prove the enormous advance attamed 
m accuracy by Gascoigne, and his indisputable title to the 
credit of inventing the micrometer 

Huygens, mn his Systema Satuonrum (1659), describes 
a micrometer with which he determmed the apparent 


3 Delambre, Hist Ast Moderne, vol u p 590 
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micro 
meter 
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diameters of the principal planets He inserted a slp 
of metal, of variable breadth, at the focus of the tele 
scope, and observed at what part it exactly covered the 
object under examination , knowing the focal length of the 
telescope and the width of the shp at the point observed, 
he thence deduced the apparent angular brcadth of the 
object The Marquis Malvasia in his Ephemer des (Bologna, 
1662) describes a micrometer of his own invention At 
the focus of his telescope he placed fine silver wires at nght 
angles to each other, which, by their intersection, formed 
a network of small squares The mutual distances 
of the intersecting wires he determmed by counting, with 
the aid of a pendulum clock, the number of seconds 
required by an equatorial star to pass from web to web, 
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Pearson, Bessel, Struve, Dawes, &c, or the successive 
productions of the great artists Ramsden, Troughton, 
Fraunhofer, Ertel, Simms, Cooke, Grubb, Clarke, and 
Repsold It will be sufficient to descmbe those forms with 
which the most important work has been done, or which 
have survived the tests of time and expcrience 


Before astronomical teluscopes were mcunted parallactically, the Position 
Indeed angles 


measurement of yosition angles wis scldom attempted 
in those days, the difficulties attached to such measures, and to the 
measurement of distances with the filir miciometer, were exceed 

ingly great, and must have taxe | to the utmost the skill and patience 
of the obsuiver For, on account of the diunal motion, the duec 

tion of the avis of the telescoje when directc 1 to a star 15 always 
changing, so that to follow 1 star with 1m altazimuth mounting, 
the observer requires to move continuously the two handles which 
give slow motion in altitude and azimuth 


while the telescope was adjusted so that the star ran parallel 
to the wires at might angles to those under investigation } 
In the Phil Trans, 1667, No 21, p 373, Auzout gives 
the results of some measures of the diameter of the sun 


Sir Wilhwm Herschel was the first astronomer who measured Hersct el’¢ 
position ingles, the imsthumcnt he employcd 1s desenbed in FAil instru 
Trans , 1781 vol Ixxi p 500 It was used by him in his earliest ment 
obse1 vations of double stars (1779 83) but, even in Ins matchless 


and moon made by himself, and this communication led to 
the letters of Mr Townley and Di Bevis above 1¢ferred to 
The micrometer of Auzout and Picard was provided with 
sulk fibres or silver wires instead of the edges of Gascoigne, 
but onc of the silk fibres remained fixed while the other 
was moved by a surcw It 1s beyond doubt that Huygens 
independently discovered that an object placud in the 
common focus of the vwo lenses of a Kepler tclescope 
appears as distinct and well defined as the image of a 
distant body, and the micrometers of Malvasia, Auzout, 
ind Picad are the natural developments of this discovery 
Gascoigne was killed at the battle of Marston Moor on 
the 2d July 1644, in the twenty fourth year of his age, and 
lus untimcly death was doubtless the cause that delayed 
the publicxtion of a discovery which anticipated, by twenty 
years, the combined work of Huy zens, Malvaison, \uzout, 
and Picard in the same direction 

As the powers of the telescope were gradually developed, 
it was found that the finest haus or filaments of sulk, o1 
the thmnest silvcr wires that could be drawn, were much 
too thick for the refined purposes of the astronomer, as 


hands, the measurements wetc compatatively crude because of the 
difheulties he had to encounter fiom the want of a 7 arallactic mount 

int In the case of close double sta1s he estimated the distance in 
terms of the disk of the components For the measurement of wi le 
stars he invented his lamy micrometer, in which the components 
of 4 double star observed with the n,ht eye were made to coincide 
with two lucid points placed 10 feet fiom theleft eye The distance 
of the lucil points wis the tangent of the magnified angles sub 

tended by the stars to 1 1adius of 10 feet This angle therefore, 
divided ty the maymfymg yower of the telescoye gives the real 
angular distan e of the centres of 9 doutle star With a power of 
460 the scale ws a quuter of an inch for evcry second 


The Uodern Filas Woe onvter 


When cquitoriil mountings for teles oy cs Lecame more general 
n) filar miciometer wis consi lercd com} lete which was not fitted 
with 2 position cancle® The use o: the spiler line ov filar 
micrometer Lecame umveisal the metlols of Wlumimation were 
wuyproved and micromet 1s with suicws of yiresiou ly unh ul cf 
fincness al accuracy were yrolue! These faciliti s couzl 1 
with the wide ant fascinating fell of re arch opened uy by Sa 
Walham Herschel s diseovery of the} mary character of Toul le stu 
| -e an inyulse to mi rometnic nse h which has contmucl 

unabated to the pre ent time A stall fur her fa ality wis 1 n to 

the use of the fila muciometer ty the introduction of clo h 

worth whi hevusel the telescope witomatically to follcw the diurnal 

motion of 2 stir and left the olservers hinds entucly at hberts 7 


they entirely oblitcrated the imaze of 2 star in the more 
powerful telescopcs To obviate this difficulty Professor 
Vehee I ontana of 1 lorence (Sagyto del r¢ d gal inetto dr piste 1 
¢ da storue netural , 1755) first proposed the use of spide 


The modern fila: micrometer hisnow as unc Lforns of five ty} s Classifica 
| Te A —Micrometers m which there ate two wels eich nov tion of 
able by 2 fine screw with 1 divide L head = This 19 the usual English nncro 
form of flaa micrometer meters 


webs m miciometcis,’ but it was not till the attention of 
Troughton had been duected to the subject by Rittenhouse 
that the idea was carned into practice? In 1613 Wollaston 
proposed fine platinum wires, prepared by surrounding a 
platmum wae with o cylndei of silver, and drawing cut 
the cylimder with its platmum wi mtoa fine wue* The 
surrounding silver was then dissolved by mitric acid, and 
a plitmum wue of crtieme fineness remuned But 
expelicnce soon proved the supenority of the spider web, 
its j erfection of shape, its lizhtness and elasticity, have 
led to its universal adoption 

Buyond the troduction of the spider linc 1t 1s unneces 
sary to mcntion the vatious steps by which the Gascoigne 


nucrometcr assumed the modern forms now in use, or to | 


describe in detail the suggestions of Iloohe,? Wren, 


Tye B—Miurometersin which cnc web 1s movible by means 
of a fine sciew with 1 divided heid ard the othe: Ly a scicw 
without a divided head = The latter s rew in or linay use 1s only 
em} loyel to change the coincidence niting of the two wels f 1 
eliminating the eirors of the micrometer sew ‘This Js the or hi 
nuy German form of mi 1ometer 1 o1gmally made 1 y Fiaunhofe 
and since by Merz and emyloyelly the Struves ani other y1mey 4 
Contant dl astionomets down to the yiesent ds 

| Type C—A simila form of man tr t B ev ept that the 
com idence joint cimnot be change? —thare Lar ro second rew 
to alter the position of the fived wel 

L pe D—A micrometer some whit similar in pencil nm ruction 

; to form B, exceyt that in vidit on to me ms of cl mgmg the zero 
point there isa screw herd by whi ha fine mevem ntcan le wn 
to the whole micromete: Lox, mm the dnection of the aus ot the 
micrometer se1cew — Lhis 1s the me Lcin form of miciomcter as con 
structed by Repsol 1 

Type E —Micrometars fitte lL with two eve pte cs for measuring 
an,tles laiger than the fill cf view of an ordinary eve y1ece 


The mictromete of type Lis due ty Treachton itis wepr sented Trough- 
m figs 1,2 8 Fig lis % honzontal sc tionim the ducetin of t ns fla, 
the ai of the t luscope The eye prce ad consists of two ylino mi t0 
conver lens sa@ U ofneuly thesame f al leneth amd with the two meter. 


Smeaton, Crssim, Bradley, Maskclyne, Huschel, Arazo, 





1 Mem Acad des 8 vences, 1717 3 78 s¢ 
21n 1782 (Phil Trans vol Wwn p 103) Sun W Hu Tel 





wites — ‘I have im vain attem) ted to finl hnes aufiiciently thin to 
extend them across the ceuties of the stars s thit thu thine s 
might be neglected It 1s a mutter of regict that Fontinas sugges 
tion w13 unknown to him 

$ Quekett in his Treatise on the Mueroscope ascules to Ramsden the 
practical introduction of the spider web in nua. meters The evidence 
appears to be m favo of Troughton 

Phil Trans , 1818, pp 114 118 

5 Dr Hoohe made the impotant improvement on Gascoigue» 
micrometer of substituting parallel hers tor the parallel edges of its 
original construction (Hooke s Posthumous Work } 497) 


6 Herschel and south (PAZ Tras, 1824 part im p 10 clum 
that the micrometer by Troughton, fittel to their 5 feet equatonal 
telescope, 18 the first position murometer ccnstiucted cap ate ot 
measuring position anzles to 1 of ar 

” Sy far wwe can ascertan the frst tees pecf large siz inven 
by clockwork was the 9 inch eyuatoria made for Struve at Dory af by 
Fraunhofer , 1t was comzletei im 1429 The otiinil ilies appears 
to be duet) Passement (Wen 412 Pan 1740 Inds 7 he pres 
sented 4 telescope to the hing so ac uritely driven Ly Clow work that 
it would follow 4 star all mght log 
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conven sides ficing erch off e~ They are placed at a distance apart 
less than the f cal lun_th cf ¢ 59 that the wues of the miciomcter, 
which inust b distin th sn ure beyond 61 The eye piece slides 
into the tule 2 which s1cws into the brass 1ny cf, through 
two oj emmys in whi hh the ol long fume, contaumng the miciometu 
shiles, asses =o LE sites are shown in fiz 2 ind consist of 
biiss forks A an 7 ant whi h the ands of the 8 1ews o and p aie 
nygilly itt 1 11 slides are accumately fitted so a5 to hive no 
sensible lit rail sh 1¢ but yet so 1s to move easily in the duection 
of the greate tlength cf the mictometer bo. Motion 1» communi 
cated ty the f. 11s Ly female s rews tipped m the heads m and n 





Jig 1 


actiig on the screws o ank p rcspectivcly Two pins ¢ 47, with 
spuil syim_as coilcd rounl them 1255 looscly through holcs in the 
forks A 7 anl heey the Leann » of the heals m ind 2 firmly 
pre sed against th ends of the ni romete: box — Thus the smallest 
rot ition of cithcr heii ccimmumcates to the concsponding slide mo 
tion whi h ifthe s ws ue 1 curate 3s proport onal to the amount 
hrough whi h the} alas tumnci Each heal is g aduated into 
100 cquil y uts on the drums wanta, so that, Ly estimation the 
readin, cancrvily be can lto,'5 hofa revolution lhe tetal 
nun tr of 14 Jutions is teal cif ty vs dle attached to the side of 
the Tov Jutn t sccnim tle tm 

Iwo sp li wis ue strict h 1 across the foils one (¢) being 
cemcit lini cicove cut im the inner fork 7, tle other (s) in a 
simula 10 yo utint’ccutirfork 2 Lhese grooves ue simultane 
ously cut msc ly the maker with th aid of a cn,ine cr able 
of ruling fine str ightln so that the wels when acuritely lal 
Nihe grooves pure |v yarillel 4 ware s¢ 1s stretched acioss 
the c ntr cf tl fic 1 yay miicular to the yarill | wares Each 
moval! wel mit pss the other without coming in contact with 
ttorth fixcl wie ou i without 1ul bing on any 3 ut of the biass 
wor Sheu Latha fialto ut chmeuly cal d ‘ fid ling ) 11 
is fatil to i curate m sur im ut One of the mest essential points 
in 9% gor] ant ton cter ds thit all the wels shall be so ne uly im the 
same jlan ast be well in fe ustc, the under the highest yoncis 
used and at the sanc tune Usolutds fi ¢ from ‘ fiddling To 
mewuring yO iti n mal saliss ul gh(fi, 3 fixe] to the tele 
scope by thes r wt hisii] tecth on its creumlcience that reccive 
the teeth of in cnultss scr wz which, bung fixed bs the arms 
to the oblong box m2 g15 5 the Jatte: 1 mction of 10t tion round 
the axis of the tule op an mlcx upon thus boa points out on 
the gia luate 1 circle gh the an,ulai rotation ot the istrument 

The Fnglish nucrometa still 
retuns the esse utiil fertuics of 
‘Lroighton $ original construe 
tion alove describe] Lhe 
later Fuilsh arti ts have 
somewhut ching d th uk 
of communi tmz motion +> 
the shdcs ly atti hin, the 
screws jcrmincntly to the 
miciometi heal and t ping 
cach mucromete s iw into 
its slide Instead 0 mah ng 
the shoulder of the screw 1 
flat bearing surface they have 





Fig 4 
given the screw a sphein ul bearmg resting in a h low cone (fig 


4) attached to the erdot the bo» Lhe Liench artists still retain 
Troughton s form Simms (Ircus} on’s suc csse1) and Cooke (of 
york), for symmetry and nor effectual elimination of — the loss of 
time” (called by the Germans ‘‘todter Ganz ’ wm] somctimes in 
hnghish “tack lash’), have provided two p ms with spual springs, 


1 This is known as Ramsden eye piece, it was made or ginally by him 
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hhhe g and ¢ (fig 2), one on each side of the screw wluch moves 
each slide 

Grubb of Dublin, with the intention of avoiding the vanation of 
pressure excttcd by the spiral springs when the slide 1s at different 
distinces from the head of 
the suicw, has adopted the 
following plin Where tl « 
sercw entcis the slide he has 
4 nut 2 attached toa strong 
spung pp (fig 5), the pies 
sure of which exerts a con 
stint tension in the axis of 
the screw, tending to bing 
the thieids into close con 
tact, in opposite directions, 
with thei bearings im the 
nut 2 and the shleg ‘he 
}ressuie of this sping 1s 
1cgulated by the scicws 4, 8, 
tipped into the thickened 
cnds of the sj1uings Ion 
mamtunng the spherical 
shoulder of the screw in 
close and constant pressure 
on its conical bearing he 
has attached a conic ul beu 
1ig to the spimgpyp (fig 
¢) The pressure of this 
on the upper put of the 
sp hertetl shoulder 1s regu 
ited by the suews s,s, 
in ing through elongated 
1oles in the spring pp, md 
tapped into the cnd of the 
box 


[TYPES OF FILAR 





Fi, 6 


The sciews of micrometers aie generally made with 350 o1 100 
thicads to the inch =‘Lioughtons method of reading the numbei 
of whole revolutions by 1 silverscale 1s mconvenient becrise cdoth 
o1 even Jsth of an inch 1s too small 4 quintity to read easily with 
the naked eye, es}ecially with the funt allumimoation that 1t 1 


d sirible to use when mersuring faint objects Dificrent methods, 
including the “comb (sec bel w) and various kinds of * counters, 
have lecn introduced with morc o1 less success but recently the 
Repsolds of Hamburg hiv 
contrived 4 ylan 1t once s¢ 
simple and so efficicnt that hi. 7 
it will be unnecessary to 
de cribe those methods which 
this } Jan 15 certain to super- 
sele (see below, type D) 
Grubb has introducd 4 Fic 8 
modification in the form of 8 
the shies with a vicw to avoid the friction of one slide agunst the 
other On the mner side of the brass plate which forms the Lottom 
of the box (z¢, the side cpposite to the eye piece) fou V shaped 
furrows are pliced (fig 7), and at eich end of the slides atc pro 
jections (fiz 8, cnd view) which fit into these furrows — The slides 
ae hept down in thcir }lices by springs attached to th m, which 
press upon the inner side of the ld of the box 
‘lroughton s mode of givin, rotation to the position circle 1s now 
abandoned A much quicket motion in position angk than can 
be obtained without slow motion is often desnible, since, im 
observing very close double stars, the unccitainty of each point 
img may amount to several degrees in the most accurate measure 
ments The plan of a pimon working in 4 toothed whecl 13 
often employed, but that also 13 too slow Most modern micio 
mcters are now fitted with a clamp and slow motion s 1<w (see fig 
’ type B) ‘This permits obseivation of position anzles of vay 
close objcets 1 y simple rotation of the box with the hand, while the 
slow motion, after clamping, permits the morc delicate movements 
thet are re yuired in measuring the position angle of objects farther 
apart 
The Coohes and Grubb have for years almost invaiibly trans- 
fon d the position cirele from the micrometer to the teles: ope tubc 
whole eye end with its focussing arrang: ments rotates, and its 
rotation can be measured by a ale attached to the butt end of 
tube There 15 considerable convenience in this arringement 
Oue position circle only 15 requued for all the micromctcs that 
may be emyploaved with the instrument, 1n1 the orntation of 
reticulated Aviphraans or the adjustment of the direction of the 
slit of a spectroscope, may also be accomplished by the same means 
Kut, after a very extended experience of all the various types of 
cxisting mountings, the present writer docg not hesitate to cxpress 1 
decided } re ference for a position circle attached to the micrometerand 
a rigid attachment of the eye end to the telcscopetube,—having never 


secn an eye end attached to a position circle on the butt end of the 
telescope tube in which, after the wear and tear of a few years, 


Fraun- _ The micrometer of type B represented in fig 9115 the original tyye B for convenience of description 
hofers Merz micrometer of the Cipo Observatory, made on Fiaunh fers It 1g not necessuy to give a igure representing tripe C Such 
nes Senn aiorts Ou Sle Alien ETN tase ee eset ce me or tee ule 
"4 a My 
meter attached, s that of x screw which moves the eye pr eE Cis the one or mote of the modific tions des nile Lm detail under ty pe A 
Clamp ind M the slow motion in position angle L, L ai Some have ilso}cen made sumilar otherwise to the Fi tunhofer con 
teas to : rhe Sa) ; te ee tits ey on | struction, Ly omitting the scicw s with its coresponding slide 
g ow cylinde: vhich terminates m the sciew By | wm] attaching the fxed wue to rcirenla y)ite in yy 
this s rew the whole apparatus 15 uttiched to the telescope The Good instruments have bicum le on ty : Ct Clark ( mbniuge, Clark's 
Mnssachusetts), by Stemhal (Mumch, ally tne great Lrench filar 
atists Scretan, Fioment, Brunner Tichens an gooaw tk has} een micro. 
done with them But 1t13 necessary that the criors of the screw n eter, 
houll be vay cuefully determmed since, in tyye C, st h ericts 
cannot be eliminited by emyloy ng different puts of th sim to 
neasure the sime atsle ther 1 4 nctew rthy acsciy tin of 
rucrometer that forms a link between types C and I) ct aie the 
wo t fimous cx mle (by Claih) 15 ittached to the gicit W ishmg- 
ton telescope It 15 essentially a mu 10n eter of tyye C, with a slide 
(or fork) ind a screw cf the En ash form of constructicn But the 
lustiument 1s proviled with a screw as at 3 (p,, 9) which, mstead 
of ching, tne posit n of the firel wie, movcs the whole m1 10- 
meta b Vim the duection of the axis of the measuring screw L hus 
the five L wne cin Tc set exictly on one stu ly the screw s whale 
. the other star is smmediitely wfterwar ls Liscct a ly the novalle 
Fi, 9 wire, and that with ut distuling tlc reading for comadener 
nozéles of small li ny are ins rted im the tubes L L, for of the wnes No cue, unl s he bas presiously worked without 
unating the wels i a dark field, the hght from these Jaimps 13 Sth wm u an.ement cin fully qypre rite the tlvantage of Lung 
admitted thiough aj crtwes in the stiong hollow evlinda above ingupastirtoliccucn ly thets Iw Lyn ving the muometer 
mentioned (for Ulumination, sce below) In tlis micrometer b x with a del ate we moticu, int Ucfl wii, to clu ge the 
the thice sis movel by S, s and s are simple dovetuls lt ction of the tus of a hue tl cy f* the same ]w] ose 
Ihe lowest of these slilcs reposts upon a foun lution ylite pp Wh nitis futher icmemt iclthit the enh rites pes w re not 
into one end of which the serew s 1s tapped In the mile ot 1} Iki with the modem slow notits m nit ascension and 
this slide 1 stiffly fittmg biass disk 13 inserted +o which a smill thet the Struye , an then gi,wntic Lil curs am 1, the doul ¢ stus, 
turn table motion m1y be commumierted bv wm rttiched um acted used to compl te then bi ections orth tiv we Ivar ue of 
on by two fin opposing screws accessible to the astronomer, al} y the finger on the site of the tute en 1 pu Tt tw Ter mest to 
tier mems th “fxcd wie may be rendercd stuctly parallel YO" ler at the poor adytiti n ct m vi t en scrth marvel ons 
wath the movablecre pritun cand shil whih, with such mem deltosu ld a sults Jt 
The miciomctor suicw 1s mounted on the shde which euries the hou Ube dtelthit Dives y ee Hy at yt ban tt caum cf 
movable web Fig 10 shows + plan of this slide the diviled Clubs mu tometer Ly un, vsigprg yr c ut ity one of 
chum of the sew 1s omitted for sile of cheumss Ihe te hrls of ns mrometa Wiis fs vixw y 139 
suew S has a sh uldir at «, crrefully fitted and ground to a His shpying piee , ve m tion to the riiontily two sh les, 
beaming so 1s to Work sweetly in hole in the 141) strong sping nem 11,ht ascensicu the otherind lin tin o that ‘ either of 
oo, the othu cxtremity of the screw 15 formed into a pivot, Which the w Ts cam be plied tpom either of he comy onents of a double 
tits 1 holo m the briss piece 88 Lhe cud of this prrot—hudanc? = 8¢ ith er e and cartunty 
polished, and slizhtly 1 undcd—iests on the flat surface of ana, ite All mi rometasu cl, mecnan thin with vniic aye for ead 
a, which as mnbcdded am the end of the slile, ml he, ¢ firmly arity 1S the divisions of transit cucles, Pchon tu sciks & ae of the 
place by the biiss pee B8 By cneful adjustment of the screws type The reading murometer is diwn im fiz WC as the 
6, Osuthient press ue may be left upon « to sh zhtly | end the stiong objective, D the m1 meter! x E the gral 
sping oo md thus chiminite all end sh tke without pics enting crsy urtel herlcf the screw G the mall bad 
action of the sew The screw passes at the Ly which the sc. w¢ as tunel : Lan eves 
same time through the bush b (shown mn pices lingmatub b at hy 12)the side, 
plan and elevation, fig 10) attrched to pp Fr 
(fig 9\, and there 13 a fine saw cut, which = 
can be nurowed by the smill s 1w7, to 
close tho bush upon the miciometi scien 
with a view of picventing ‘“‘loss of time 
‘Lhe spidcr web w 15 ccmented on the further G 
side of the thin plite yyy, the varmsh ben 2 
ee in the countersunk holes shown 1) 
the dotted cncls pw, ‘Phe slide is countei 
sunk to bout huff its thickness within the 
ares indicated by ovo0, in order to low the 
adapter of the eyc yuce to come suthccntly lig 11, Fe 13 
oe Rae ae Agneta ia anl b, & the smral spungs = The fecal hngth of the objective 
(fis 9), but he se ae et Rosia ind the distance between the op tictl centre of the kus ani the 
g fica he Maelei te ie bie pee ase’ Webs are so aminiel that images of the divaiony we forme in 
fee ths i ay Tidodd tics and the # a hi, the plane of the webs, and the pitch of the scrow 1s su h that on 
arti V te aig bs he Gi atl Ae sreadhy ou unasons o ead ages onds with some whole number of 1 
r he mstiu 
Seat Toons aul & Speed ot We ciemaat toss Da aul gee pee aman clad: cil: masted at 
Martius (Bul) hie also made eveciient mstruments of thc plane of the wins lis cons) dec et vtech wave 
above type There 1s a celebrated miuomcetu of tha make, with he aud oe ie aan 0s alk é shat eat cid f oe 
Junsink Which, 1n the hands of Bronnow st Dunsink (Dublin), some of aeneadonthe hed Inhe 12a ia renisertet bis sted by 
meto- the most porfict and refined myestigitions ever mide mm place cross webs, and five revolutions of the screw correspond with one 
neter 1 Whon itis remembered that the mcasrcments of the Stiuves Dembowsk! division of the seale In all mod in re idinz m. rometers the cross 
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some looseness or shake could not be detected This isa fatal fiult, 
especially in thos dclicate observations of difference of dechim 
tion which have latterly formed so ptommnent a feature in refined 
Micromctiic research On the other hind, im some good old micio 
meters at the Royal Obsrvatory, Cipe of Good Hope, that are 
fitted with attached josition eucles, thie 18 no tiacc of shake or 
wear after fifty yeus of work 








Scechi, the Bonds Mactear and of most mod in Continental asticnomers have 
been mad¢ with Fraunhofu o: Meiz micrometers it 13 not too much to say that 
fig 9 1epresents the instrument with which tiice fourths of the astronomical 
f Casurements of the last fifty yeare have tetn made 
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astionomy hive been cxceuted In this mnierometct the screw s 13 
mounted on its own slide and has a divided head precisely hike 
the sew S (he 9) The plate pp is clonzatcd tow nis s, and the 
couesponding bush B 1s attiched to this elongation ‘Lhe screw 
1s shittcd to mother part of the eye pice slide, 20 that it does net 
interfure with the 1101c1sed diametei of the screws kraunhofu » 
micrometer 1n this form belongs to type A but 1 quoted undo 





webs of hg 12 are rey lid by parallel welscmiricing the divis.on 





— 


° The late P ofesgon Was nusdt sw mindy iilwith huth After all, 
the best part of the micrometer ts the min atth simall end 


Repsol 1 
reading, 
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Lindsay 
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(fig 13) The means for changing the length of the tube and the 
distance of C fiomthes uc ue omitted m the figuie ‘These apy h 
ances are required if the “‘1un has to be accurately 
adjusted Jy 1un 15 meant the diflercnce between the 
mtended whole numba of + 1 revolutions and the 
actual measure of th spit between tno adjacent ch 
visions of the scale im turns of the suew divided by the 
number of mtcnded revolutions In delicate researches 
two divisiens cf the scile should always be cad, not Fig 18 
mercly {1 inqeased accurny but to obtam the co1cctions for 
run from the observations themsels es 
Jig 14 1 presents an 1mportant ty pe of reading micromcter by th 
Juysolds Here the web frune 1s mounted on the sc1cw itself The 
limuting plane of motion 15 at p, where the end of the micrometer 
aicw feats upon the hardened, flittencd end of the scrvw s, and is 
}cpt in bratng agunst this plane by the spnal spungq Rotation 





li, 14 


cf the wire frame is prevented by the small stud .. hich passes 
thiou,h the web frame and yrojects “ughtly on both sides of 1t, 


just barcly touching the innct suafac of the t p and bottom of the 


Likw Suis DE WLAVOG JALUALLIO wa easy ft adavuny sssauivasar wave 


1y Lord Lindsty and Mi Gill (Dunecht Pullcatu ws, vol upp 
53 55 1877). Uf the sciew of the Repsold mi rometer 1s bunt, so 
thit for example, the end of the frame next the suew herd 1s raised 
wl that next the cnd p lowerel, a twist will be given to the web 
frime ani the centre of th wate will be moved nevei t> the micro 
meter herd thin at shoul Lc while the revise effec twill follow when 
the head has ben tamed through 180° The effict of 4 similar 
ciror on the other macometors descitbed would be of a much less 
mount Ihcy at , however latle to erors of another character 
It asin Lroushtons onj,imal micrometer the shoulder 1s squire, 
the hole m the end cf the } oxmy be Icft sufhucntly wile to alow 
foasmall cri an the y willelism of the screw matux with the 
motion of the slile Lit th smallest bend in the screw causes the 
shoulder no longer to beat flat, but te 1d on its elt, thus intro 
duemg an exticmely un ertim fomn of cro If the shoulder 1s 
spheric ul fitting mto a hol] w cone on the end of the box, is 1 the 
miciometers of Simms, Co ke and Grubb, an almost inconceivable 
recur icy of c nstiuction 15 wy lic] im dilling the matia of the 
screw im the sli le so that its axis and that of the cone shall be in 
the same strucht ne ant both yarvlc! to the motion of a yoint 
inthe slile Any d partum from perf et recuraey im this rej ect 
has the eflect cf Limging diffurent porti ns of the spherical shoulder 
to bear on diffiient 1} uts of the cune for different revolutions and 
introduces (11 ty of a charict 1 by no mcans c1sy to deal with = In 
iddition to these obj cticns th re alwys 3s the o1 atc objection 
of employing % % delicite conta t mersumg sutfue one thit Is 
crposed where oil 1s uscd = Dust ar Lol will aman, themselves in 
layers of vanrable and unceitrin thickness ind defeat all attempts 
to secure absolutcly consistent results In Keysold s mucin et 1 
the punt d apes is a small hv dened and polished be wing icquir 
ing little lubri ation, and pafectly protected fiom dust, the enors 
of the screw (some of thom eaaggaated cartunly) are futhfulls 
rcproluced, and consequently determm bl, and bevond this the 
wo1k to be done by the serews 1s 1cduced to a minimum —no slide 
fiiction haying to be overcome = If we are to regu l as the most 
perfect instrument “not that which has al soluttly the smallest 
errors, but that wluch r produces its elrors with the most } erfect 
consistency un | abel? Repsold s forn of niciometu is best 
In ordar to avcrl the exigvelation of the sctcw errors produced 
by the non symmetrical position of the serew in Repsatd s micro 
ineter, Stouc,in December 1679 exhibited at the Roy i Astronomical 
Souety and desculid Wo whl y Notices p 270), a modification of 
Repsold s instrument But, beth in lus statement of the compara 
tive merits of the Toujhtm wd R ysold micrometers and in the 
new form which he figures, Stone overlooks a strong pomt in the Rep 
sold form, and in that proposed by Lor 1] mdsy ait Gill three yc ais 
previously,]—nimely, the avoidance of all fi ta n of the shde, ind 
the elimmation of all error or strain thit nay occur from a want of 
parallelism in the axis of the matrix and the motion of the slide 
The Lindsay Gill micrometer will be bette: understood ficm the 
following description In fig 15 Ss is the micrometer screw, its 
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cylindrical axis 1s nicely ground to fit a hole m the side of the box 
' + the saine axis, but ground to a somewhat sm ler cylinder, 

fits neatly but smoothly a hole in the web frame = screw, 

cut on the sime axis, 15 tapped into the web 

fiune ats, and the x18 terminates in a pivot 

Which fits a hole ina brass plate cc ~The end 

of the pivot—haidened and shghtly 1ounded 

—rests on a fiat agite® beaimg a, which 1s 

mbeddcd in the plate B, and securely held 

a suiu by piessure of the ; late ce The plate 


B 1s firmly attahcd to the bottom of the lm 


bo. g, g are spital springs mounted on yins 
Both spungs and pin pass freely through thc 
web frame at p, p, and thc pins (but not the 
springs) piss freely through the frame at , 2 4 
‘Lhe parallel webs for observing the division 
(fig 18) ac mounted on the forked end of 
the frame at 22% 

The web frime 15 naiowe: and thinner 
than the bieadth and heizht of the intuno1 
of the box, and 1s only prevented fiom rotat 
ing by the dclicate touch ot the projecting 
ends of the pm m on the mnei surfaces of th« 
top and bottom of the box It appears thit 
a frame so mounted fulfils all theoietical con 
ditions of accuiey It 18 pufictly fiee to 
follow the motion of the suew and accusatcly 
to reproduce its etro1s notwithstanding any 
1casouable faults of workmanship, and no 
permissible shike or fouling of the beating Fig 16 
at a can produce sensible e1101 in the distance between the bearmg 
curfice of the igite plane and the spidar webs. ‘The motion 1s pro- 
duccd with the nunimum of fiction, and the ‘fecl ot the screw 
1s therefore as delicate and perfect as 1t 18 possible to make 1t 





The mictometer of type D shown im fig 16 hos recently Repsold’: 
\s this micro- 


been male by the Repsolds for the Cipe Observatory 
instrument com) ines 
all thun most ricent y 
molifications, we de & 
scilbe if m= detail 
Tig 17 reprcsents the 
same micromete: with 
the upper otic of the 
box 1emosed =‘ The 
letters in the deseryy 
tion refer to both 
figures 

S 1s the head of the 
mi rometer sciew, $ 
thit of the srew by 
which the miciometer 
Tox is moved iclative 
to the plite f (fiz 16), 
s thit of the screw 
whi h moves the eye 





piece slide kk 15 the 
Jamp m eae 
inzl, Pthe slow mo «8,44 = 


aon screw in position 
agile , pp is the post 
tion circle, R, Hi its 

oreaders ‘Lhe lat 
ter are in fact little 

.ee OPES CaITyIN, 
- vernier etched on 
gliss in heu of a fil merometer These vamiers crn be read to 


1 andcstimited to0 2 Dis the dram head which gives the frac 

tion of a revolution, d that which gives the whole number of revo- 
lutions, I is the mndex or pointer at which | oth drums are read 

This inde 1s shown 1n fig 17, but only its mc de of attachment (X, 
fig 17) fig 16 The teeth of the pron 2, fig 17, ate cut on the 
axis of the micrometer screw The drum d and its attached tooth 

sheel are ground to turn smoothly on the aais of the screw ‘Lhe 
pmion z and the toothed whccl d are connccted by in intermediate 
wheel and pinion Y, the numbers of teeth 1 the wheels and pinions 
ate 60 proportioncd that twenty four revolutions of the micrometer 
screw produce one revolution of the drum and wicel @ = (This 1s 
the description of Repsold » counter referred to under tyye A ) The 
divisions of hoth drums are convemently read, simultaneously, by 


hi, 16 


2 There w uld be sume advantage in allowing the screw s axis to pass with 4 
little shake through the] le in the cad of th vox ata and tien extending the 
length of the larger cylinder transfu the be ing from @ to 1 wcll fitting hole ii 
ayuce fix dlile Btotleb ttom of the box This fori. would also give some 
ta iht: 9 of construction and all the oiled surfaces wculd be 7 1fectly protected 

8 Sipplire is better, the agate beanng of such a screw has been found very 
xen Hiyw in 

4if ; 1s desired to prevent possible contact of these pins with the frame the 
snds of the ping may be Diade tu ente: guiding holes in ec 


MICRO 


the tense, at night the lamp which illuminates the webs and the 
fenuen cucle xso 1lluminates the drum hcads (sce on illumination 

elow) aaaais the web fiame (fig 17), By1sa single rod consisting 
of two cylindeis accurately fittmmg in the ends of the micrometir 
box, the lagcr cylmder being at 8 There 18 a hole m the web 
frame which smoothly fits the larger cylinder at 8, «nd another 
which similatly fits the smaller cylinder at y A spual spring, 
coiled round the cylinder y, resting one end on the shoulder formed 
by the difference of the diameters of the cylin Icrs B and y and the 
other on the inside of the web fiame, presses the latter continuously 
towards y Contact of the web frame of the micromctcr with the 
side of the box at y would therefore take plice were it not for the 
micrometer screw ‘Lhis screw fits neatly in the end of the box at 
€, passes looscly throush the web frame at e, 1s tapped ito the 
frame at ¢, and 1ts end rests on a flat hardened suitice at ¢ Rota 
tion of the web frame about By 1s prevented by the heads of the 
screws at m, the head of the screw on the lower side of the frame 
reposes on the plane yy, that on the uprer side (hy 17) touchcs 
hghtly on the innei surface of the lid of the box Such rotation 
can obviously be controlled within q@imits that need not be further 
considered But frecdom of rotation m the plane of the paper 
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Fig 17 


(fig 17,15 only jreventcd by good filtinz of the holes 8, y’, and, 
since the weight of the slide 1s on one side of the sciew, misht here 
will have the effect of changing the 1e:dinz for coincidence of the 
movible with the fixed web in reverse positions of the miciometer 
With the Cape micron: ter a systematu differcnce has been found in 
the coincidence pomt for head wove and head below amounting to 
0 14 This corresponds, in the Cape instiument with an crcess of 
the diametersof the holcs ove those of the cylin ters of aboutzsh ath 
of an inch,—a quantity so small a» to imply good workmanship, 
though it mvolves 2 systematic erro: which 1s very much larger 
than the probable cr101 of 2 single determination of the coincidence 
point The obvious temedy 1s to make all measures on opposite 
sides of the fixed web before reversing in position anzl,—a precau 
tion, however, which no caicful observer would neglect In measur 
ing diflerences of dcclmation, where the stars ue brought up by the 
diurnal motion, this precaution cannot be adoptcd, beciuse it 18 
necessary alw iys to bisect the preceding sta: with the fixed web 
But 1n Ad measures index ertor can ilwavs be eliminated by 
bisecting both stars with the same web (or dittucut webs of hnown 
interval fixed on the sime fiame), and not employ ing the fixed web 
at all Had the spring q been placed as in fig 14 and the cylinders 
B and y been made to bear ike the pivots of a transit on seg 
mental bearings in the frime at 6 sad y, it 1s probable that the 
difference in comeidence points would not have cxisted Such a 
modification appcars advisable, unless this construction, by leaving 
the end m less free, should make the “feel of the screw kssswect 
and perfect The discordance in zero when known to exist 1s 
really of no consequence, because the rbservations can be so 
arranged as to eliminate it 

The box 18 mounted on a strong hollow steel cylinder CC (fig 17) 
by holes , 6m the ends of the box, which fit the cylinder closcly 
and smoothly The cylinder is ngidly fired in the studs C,C and 
these are attached to the foundation plate f The cylinder contains 
towards 7 a sliding rod, and towards @ a compress d spiral spring 
There 13 thus a thrust outwards of the spring upon the hollow ¢ ip 
W (attached outside the box), and a thrust of the 10d upon the end 
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of the screws The position of the box relative to the plate f, in 
the direction of measurement, depends thrretore on the distance 
between the end of the screw sand the fixed stud © A screwing 
in of s thus causes the box to move to the Icft, and vier arse 
Rotation of the box round CC is prevented by downward pressure 
of the spring Z on a projection attached to the side of the box The 
amount of this pressure 15 regulated by the screw z 

The short screw whosc divided milled head 1s o shifts the zc1o 
of the micrometer by pushing, without turning, the short sliding 
rod whose flat end forms the point d appur of tle micrometer screw 
at ¢ ‘The pitch of the screw ois the same as thit of the measuring 
screw (50 iNreails to the inch), and its motion can be linnted by 2 
stop to half a revolution 

Lhe five fixed webs are attached to the tuble rr which 1s secured 
to the bottom of the box by the serews p The three movable 
wels ate attached to the projections AA on the fianeaa Theplane 
surtaces rr and AA are compose | of 1 bronze of very close texture, 
which appears capable of recersins a finish having a'most the truth 
ind polish of an optical sufi « It seemsalso to tthe a very clcan 
V cut, as the webs can Le Lud in their furrows with an astonishing 
ease and precision These furrows have apparcntly been cut va sits 
with a very accurate cngine, for not the slihtist Jey uture from 
pirallelism can be detected 1n any of the movil le webs rclatise to 
the hxed webs Fxtiaoidimary care has evilently }ecn bestowed 
n adjusting the parallelism and distance of the planes 7 and A, s0 
thit the movable wircs shall almost, but not quite touch the su1- 
tacer The vunish to fix the webs ts apyliel, not on the suiface 
7 asis usual but ona bevel far the purpox,? the position of the 
webs depending on their tension to keep them im their furrows 
lhe result 18 that no trace of ‘‘fiddling exists, and the mov- 
able and fixed webs come sharply together im focus with the highest 
yowers Undersuch powers the webs can le Lrou,lit into ay parent 
contact with such precision and delicacy that the unccitainty of 
measurement seems to he as much in the estunati n of the frac 
tion of the division of the heid asin thea cm vf the contact 
It 1s a convent nt ferture in Repsold s miciumetar th it th webs are 
very neal the inner surface of the top of the t »\ so that the eve 1s not 
brought mconveniently close to the plate when hi.h powets arc used 


\icomcters of the type F have been myentel ty Avan Clark and Clark’s 
Cluks micrometer was exhibitel it the June mccting of micio- 
meter fo~ 
1 utonedegrec large 

It is ‘ furnish 1 with two eve ple es c mpcsed of small single angles, 


Grubb 
the hoval Astronomical Society m 18 9(U tf 7 \ tics JT AS 
vol xix) tis capatle of measur, ingles uy t 


lenses mounted im separate frames which shile m i pt we anl 
can be sepaiatel to the requned distimce A frame ¢ vin, two 
parallel sprite: limes erh mounted seprately with its own micro 

meter sciew, slides ina dovetailed gioove im fiont ot the eve pleces, 
and by a fice motion in this frame each web can b bi u_ht oj posite 
itsowneye lens = Inusing this micromete) the first step rs to set the 
position vernit: to the aes ite position of the clyects to be 
measund Then the eye lenses are seprrted till each 15 opy osite its 
own obj t =The frime containing tne wels ind their miciometer 
screws 18 then slid into its place, and the wels, having been 
separated nculy to their proper distince ty then free motion in the 
frime are place! precisely on the objects by then fine «1ews, the 
observers eye being cirtied ripidly from one eve lens to the other a 
fuw times, till he 1 satished of the bisection of er h ot the objects by 
its own web Ihe flame 15 then removed for 1¢ ding off the measute 
by means of an achromatic microscope on the sta.c of which it is 
placed > The advart tages which Clark claims ue these — 

**] Distances can be obseived with great accur iy up to about 
one degree, and the angles of position also 

“2 The webs, being in the sume plane ue perfectly free from 
parallax, and are both equally distinct, however hi h the magnify 
Inz power may be 

£3 The webs ue also free fiom distortion inl f m colour 

“4 A diferent magnifying power may be usd on cach of the 
objects, —which may be advantigeous in comy uing a funt comet 
with a star ” 

It apprars to us that the method of removing 1 s'ik 1m or ler to 
measure the interval between the webs is hable to objection not 
only because of the rsh to the webs, but leciuse the taking 
of measurements of ich a different character with a different 
mstrument 1s nconviatent and troublesome It 1s truc thit the 
intervals between the webs could be measured Ly an assistant, and 
two or mote different slides be employed to save time but astrono 
meis will probably generally prefer the metho! intioluced ly 
Grubb described below It 1s understvod thit Clath } a sime 
improved this mstiument by an ingemious art inzement of prisnis, 
which permits both webs, even though sepuite ? one degree in a 
large telescope, to be seen in the same eye puece = The ati ingement 
1s not described, and 18 said to be, as yet, somewhit tro iblesome 
to arringe previous to measurement, though when artinged it 
gises very good results 

Grubb (Screntefic Proceedings of Royal Dublin So ty) thus describes 


_-_ 





re 


1 The n atks of varnish so apphed will be secn in hg ™” 
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Grubb’s what he callshis ‘‘duplex muiom ta, shown in perspective in fig 
duplex 18 —‘‘ A platcof Jissabcut 1 inches square 18 ruled with twenty 


micto- 
meter 


one ines in on due tion ;4th ch ypirt, and two lines in the other 
direction 21n he yout Lhe exticmc lines of the set therefore 
form 2 } iftct syuue of 2inches These limes are rule with 
exceedins 1 uit ¥ ind carc, but provision 1s Icft for ascertaining 
any c1lots thit 1m in cither as to distance or wint of perfict 
syuucness Along 
one side c{th syuu 





mete: 
ordin1ry wtu 
ated by 1 sicw ci 
one hund: 1 thicads 
to th inch Ths 
micrometer  fiam 
cures even lin . 
correspon ingest Jit 
ly tocuh ilteruit pI 
lune in the gli f 
reticle sothitwlen & 
the trot sprlr dine 
is mide ¢ nilit 
with the fir t din 
mond linc on th 
glass the ] st spilt 
line will Tc 


Ii, 18 


un lent with the last line on the glass, and ea h of 
the sprlar dus will be Comulent with al the odd numlers of 


ham nth» 1 3) 7 11,1) 1,17,19,21 Over this lise 

y ite as pat La ditsc pin which two eye pieces ue mounte |, 

Se Ts. 4 a ove at night an.ls to the other,—so thit 
urney bic] wu ls and forwards on the horizontal 
Whe: mk See ey rar ewe, SANS: er os S 


- wal Vee. ee ee ey te 


Yule cd ua tu $ 

‘Mout t Uf tui wv—i Thetwostars arc liou ht on the 
havontidlu  wlthe lit ne measuicd fiom centre to centre 
along thit line This distance 1s measured by counting the uuinba 
of spaces on the gliss illug the residue ag measmcd by the 
micromettrst Wo thus thes rew is never used for larcr measures 
than pythia hh vrltl 1 f ie coef screw and temparature errors 
aiomuch 1 li 1 In tise ting one star is brou,ht into the fell 
of one tye yt ¢ aml abie tions made with one of the diamond 
hines Ly un sit. t! 1112 meter by one or other of its shipping piece 
arens If nthe tl reye prece is moved till the second star 1s 
scen, MT aili tiuisn de with the nearest spi ier line by moving 
themoim tih -l  Lhen the eve can be movel back tothe first 
eveprec aed the} ction che 1 1 amd agum bach to the other 
eyepree WI nitiss nthitl th ave satisfictory the meautie 
cin le ral ¢ - Thom m er is tuincd round till the 
hovontulm }ooiispudl ] tothe puocf apparent mcticn of 
the star Thisas vily found) y stoy ping the Clock md allowing 
the stu tormm unl th bh mvoita wie Now the othe: stu will 
be foun tts 1 sooth verti al line somewhere, while the first star 1s 
onthe} iz ntilu Dts see nd stu is then bisected on the 
virtual hin, wli tle fist tir is lise tel by one of the sider 
hnes, thustl diticu om u,)t a cension is found We then 
have two» s 14 ct vinsh amyled tumile and of cours all the 
elements ue hu own 


© LodAs rtrctle Pa sl fa file D tave of the L nes — 
Of course th usiily f taku timaitsciml iloytel and to 
acvutuniftle hi top. y wl 


ui,t s yspe ial aldiuonal 
eveqiccisyi al doo thi trimss can be taken 1198S cach 
Asananial +t th 5 yu it 

aes eeotrumert his weit alvautire over Clarks in ease of 
udjus ment andius ni has done geod work at the Umveruty 
Otsavitiy Orfid Wor 2 A S$, vol alym yp 5 19) 
Profes rut had duis too much when he cstimates its werk a 
eqialint tray with thot cf the heliomete:—at Ie ust the yu) ished 
Ys Its 1) note ufim suha view But it sa very valuable 
no triautd a meiuun, ¢!ye ts too faint for the limite 1 ay erture 
of me th hh me nivdn hat the same time are { rther apart 
than th fllefviwef 1 crtimary cre pie e 

Thea mnicy of th yl x mi remeter would te vy Lreatly 
maieiclifCluk lc. 1 vem nticned) of viewm 2} vilely 
sepalited woh am ase yp ecflagh power could rer du cd to 
aconycumut yi. tialf i 


Wid Tf UU aythe Bla Mvero uter 


The welling of am = ct 11 4410 059 that should be fumilu 
toall prictic Ud astion om is) Enghsh oj tims u ually proc 1s 
follows Asp Jer the vinety is narked ty a cross on the b | 
and 1s found in English .~ulens alout de wel wo) a cauLht, 
and pluedonawiefrl The risect immediat 1; atta hes 2 web 
to the wire 1.1 beans to lower itself by aweh tothe g oun! = Phas 
web is vo 1a up on the fork till ten cr twelve turns, wpart Tidy 
A convent space, have ceen secured =A trash with vio aha 
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then parsed ilong the prongs the webs aie thus securely fixed to 
the forh The parallel prongs of the fork must be sufhuently fur 
apirt to allow the web frame of the micrometer to pass between 
them The frame to be webbed 1s placed on a flat dull black 
surface between the prongs of the fork, the litter being carefully 
auranged so that one of the webs lies nearly in the fumow ruled mm 
the fiame for its 1eception As the web fiame 1s generally thicker 
than the fork, the web wall now be stretched across tls former, 
with a certun amount of tension, and is biouzht ito the furrow 

ith a finely pomted piece of soft wood —_If the surface of the frame 
is well polished, and the furrows sharply cut, withcut ‘ bun,’ the 
web should leap sharply and decidedly into its place ach end 
of the webis then secured by a diop of shellac varnish, which 
thould be allowed to harden thoroughly before the fiame 15 touched 
Ihe webs cin be very ierdily so handlcd .gamst a black bach 
around, with the aid of a land lens of 2 o: 8 inches focus In 
cxperienced hands this method givcs good results, but the following, 
which 1s gencrilly followed on the Continent, 15 preferable 

A web, about 2 inches longi: than the width of the fame, 1s 
unwound fiom a covoon,' any small picces of leid are attached 
to its extiemities by beesvia One end of the web, with ats 
attached lead, 1s laid on 9 puce otf coik floating in a tumbler of 
water , the other end 13 allowed to hang down m the water, where 
it becomcs thoroughly satwiated and untwistcd It 1s then laid 
across the fork, and dropped into its furiows im the manner above 
@escribed, the littl lead weghts excitimg a defimite tension 
Varnish 2 1s immediately applud to secure the webs, and the frame 
1s not tou hed till 1t 13 dij 

Tle bevel cdge of the web fiame intioduced by Repsold (type 
D) offers get ticrlities for accurate webbing, and should be em 
y'oyed in all futme imerometers 


Illumination of Murer ometers 

When mictometei obseivaticns are made by night 1t 18 necessary 
to hive some mode of 1endcring the webs visible —either by rays 
of hht at u ht an,les to the vas Wuminating the webs, or by 
11ys nearly comeident with the axis of the telescope In the 
former cast we et bright webs ima dark field, in the lattcr dak 
Webs (na bight field 

In the older telescopes bri,ht web illumination 15 produced by 
small lamps with nozzles tl at enter the tules L L(hg 9) The 
Wluminition is rezulitul im colour and mtensity Ly wedges of 
colourcd or darkened glass } assing through slides in the nozzles 
But it 1s inconvcnint to hie lamps so neat the ol servers eye, and 
it 18 at least very difheult to obtain a perfectly dark fie when the 
wes ate illuminated in this wy 

The Clarks, in their miciomcter of the great Washington tcle- 
scope have made thecnd of box 1 (fig 15) transy ucnt, and hghtis 
thrown on the webs fiom slamp held by 1m assistant Holden } a» 
very 1¢ cently applied a lamp ingeniously hun, s0 13 to preserve its 
velticality and the constant diection of its lizht m a simular way, 
idding a plain silvered muror inside the box and oj posite the 
lim,, so 19 to wluminate the webs symmetiically In the Clarks’ 
and Holdens methods 1t 1s only the webs at 11ght angles to the 
serew that ive lumin ited 

hor illumination of the field, mm very old telescopes, hght was 
thrown on a small rvory efector fixed outside the object ylass in 
the ixis of the telescope by a arm fitting on the cell of the lens 
[his involycd the aid of an assistant to dircet lamplight on the 
ivory 1¢cfl ctor, or the very 
frequent change of a 
limp supjyurt — After- 
wands the hi ht fiom an 
attached lamp ws intro- 
duced through 2 hole in 
the telesccpe tube and 
thiown upon im ellipti- 
eil plane (generally dull 
gilt) having its centre 
yait cut away sufficiently 
to avoid interruption of 
the cone of 2135 from the 
rbyect glass Many in- 
gemous modes of sus 
p nding the aay have 
ncn mvented for the pur 
pose of securing a con 
‘tint direction of its light 





hig ly 


couy led with verticality of the lamp Onc of the best of these, due 
to Cooke, 1s shown in fig 19 Lis the lamp, Ps prisin to reflect 








1 It 1s asserted that webs frcm cocoons are more claste better shaped, and 
more durable than those obtuncd during an cffcrt of thc insect to escape ‘lhe 
best wLbs we have scen weie from a cocoon ottaincd 1m Holland but we have 
been unable to ascertain the nune of th var ety ¢f sy ides 

2 Argelandcr used to apply tho di 78 of variish at cach end of his webs He 
first fix d eich exticmity ty a diy cf shallac varuish and after that had dricd 
h applied a diop of ecpal varnish rearci t eccitre of tleframe the latter took 
a lcng time to haiden but gave ultunately a much stron.e: attachment 
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its light into the tube, D a disk to regulate the quantity of light, 
B a disk with glasses to regulate the colour of the light, S a 
spring to clamp the disks, C the counterpoise of the lamp, G a 
poise to preserve the horizontality of the axisCL But astronomers 
owe to the genius of Grubb the introduction of a more efficient 
and convenient system, viz , the performance of all necessary ilu 

mination of an astronomical telescope by a single lamp, and the 
perfect control of the illumimation of the ficld or webs, and the 
regulation of these as to intensity o1 colour by simple motions from 
the eye end It is 1mpossible to sperk too highly of Grubb’s efforts 
in this dnection, he has broken the giound in this department of 
astionomical engimeering, and rendered the working of so huge an 
instiument as the Vienn telescope of 27 inches aperture not only 
convenient, but easier fo. a single observer than that of a very 
small telescope of the older constructions 

But in the illumination of the field wires and scales of a micio 
mcter Giubbs onginal method has recently becn surprssed by 
= which 1s due to the Repsolds We shall therefore desciibe the 
atter ' 

Fig 20 remesents the eye cnd of a telescope ‘The reader will 
recognize the miciometer (figs 16 and?17) previously described = L 
18 a paiflin lamp fitting by 4 
bay onet joint into 1 coppir cover 
c This effectually defends its 
glass chimney against accident, 
and protects the lamp fiom wind 
The simple metas by which this 
lamp 18 madc to preserve 1ts ver- 
ticality in ll positions of the 
telescope 13 evident fiom the 
figuie Bv this lamp alone the 
bright wire or bught field illumi 
nition 15 given at pleasure, aul 
with any desned intensity simply 
by movemcnt of the sinul pin p 

The position cucle and the head 
of the mutometer are rlso ilu 
minated, as well as the declina 
tion cucle, by the same lamp 
AB 13 a cylindiieal box, ending 
mn a tiuncited cone towards A 
Itisshown, mid section, 1n a plane 
passing throush the tcles ope axis, 
w hg 21, where all details un 
necessi1j to the explanation cf the 
ulumination arc omitt.d and pro 
portion of Pe 1s saciificed to 
Clearness 18 &@ plilsm (fig 21) 
that 1otates with the lamp and 
reflects its hght mto AB The 
flame of the lamp 1s 1n the focus 
of the ' ns Zl, so that the rays 
become parallel aft yassing 
through it There is 1 sluling Fig 20 
motion to perfect this adjustment ‘There 1s a well polished flat 
annular reflector of spec vlum metal 7 (hg 21), which icflects ight 
upon the double murot M (fiz 20) whence it 1s diverted to the two 
opposite points on the declination circle that are rea 1 by mic: ometer 
microscopes fiom 
the eyecnd (the 
latter re omitted 
for sthe of clear 
ness) 

The little handle 
at » and the dotted 
lines pz represent 
an 18 diaphiagm, 
very ingeniously 
constructed, mount 
ed on a plate of 
transparent —gliss 
There 15 8 flat 11ng 
of brass culying 
four pins, which 
1s tuned by the 
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hindk pp, m 4 
plane oat =o nght 
anzles = to)| Pn 


These pins work in 
spiral slots cut 1u 
four slides Thus 


Tig 21 


rotation of the tung causes the fom shdis to ipprorch o1 recede from 
acentre When the handle p 1s in the nuddk of its 1nge, the 
slides together form a disk as large as the hole in the diaphragm dd, 


and thus prevent all light trom entering the teluxop. tube When 
p’ 1s pushed to one side of 1ts range the slides move outwards lew ing 
@ square opening in the centre so that the light falls on the prism x, 
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whence 1t 1s diverted to a silvored reflector cemented on the middle 
of the inner surface of the objcct glass, and 1s then reflected back 
along the axis of the telescope to illuminate the field atw When 
p 1s pushed to the other side of its range the slides approach and 
overlap at the centre, excluding hght from 7 and allowing it to fall 
upon the reflector s instead #1iom s the light 1s thrown upon the 
webs w, w by reflexion fiom 1 white papicr mache surf ce laid on the 
inside of a thin hollow brass truneated cone zz Thc edge of this 
cone forms the circle seen within rrin fig 17 All stray hght 1s 
prevented by the hght guard tube mm, which 1s attached to and 
moves with the rotiting part of the mirromcter The result 1s to 
produce a symmetrical illuniun ition of the whole system of webs in 
a perfectly dark field It 15 also ol vious that by placing p at an 
intermediate position between the ccntie ind the cxtremes of its 
range any desired modification of bught wue or bnght feld illu 
munition can be obtained at pleasure 
The light falling on the papier mache hollow cone 1s intercepted 
at three points by puisms, one of which # 18 shown in %«ctlon 
[hese prisms ar inseited in the cylinder which cinics the 
foundation plate of the micrometer box inl rotite with 1t Two 
of them divert light upon the reflectors (seen fiom different 
points of view in figs 16, 17, 20) The third prism after two 
reflexions (figs 16 20) illuminates the micrometer head The 
whole arrangement 1s in the highest degree elegant, and we have 
found 1t most simple an] convemient in practice The screen C 
(fizs 20 and 21)—made of tlin copper and attu hed to AB—effectu- 
ally protects the observen s eye fiom stiay light from the lamp 
It has been found esscntial, in bright field Wlumimation, when the 
highest accuracy 1s desired, to have the illuminating 1ays parallel 
with the telescope avis 
In the best tclescopes of the future some plan hike that of Re 
solds above describe] wall doubtless be adopted It 1s probable 
also that with the mmoduction of condensers in conjunction with 
the incandescent cubon liht in vacuum, electricity will ultimately 
supersede the cil or paraffin lamp im illumimating astronomical 
instruments A anal Swin lamj can be y laced anywhere, 18 
un iffe ted by wind, and givcs off comparatively little heat ‘These 
aie most valuable qualities for the purpose in yuestion 
The astionomer royal (Mr Chiistic) has recently used luminous 
| punt to render the measuring } ointer of the Greenwich spectroscope 
visible at night This paint after exposure dun, the day to sun 
light, shines 1t mght with a dull} hosphorescence sufficient to make 
, the micrometer pointer, to which it 1s applied, faintly visitle, and, 
| 1tas stated, with very satistactony iesu'ts 


On the use cf the fila: miereneter c nsult Stinve Yensure Wie ometrice St 
Petersburg 183 Brunnow fra tied and Szlertcal ist nony Chauvene) 
Practical and Spheri al Astroionn Brnnno 4 ¢trononteal Observations and 
Aesearches made at Duneink Dutiin 1570 1973 1879 Ball wt Khascer Lerden 
Obser vatrons and the payers of Dembo shi inthe ist onoms he \achrtchien 


Doulh Imag Wo rometers 


The discovery of the method of making measures 1\ double 
1macs 1s stated to have becn first suggested by Roemer about 1678 Ri 
But no such suggestion occts m the Basis Astronomie of Horre 
bow (Copenhagen, 173v), which ¢ ntains the only wotks of oemer 
thatiemin tous It would 2; peat that to Savary is due the first 
invention of a micrometer for measurement by double image Hi 
heliometer (desc1ib 
ed m a papel com q 
municited to the 
Royal Society in 
1743 and printcd, 
along with a letter 
from Short, in Phil 
Tians ,1753,p lav) 
was constructel by 
cutting from 1 com 
plete lens abcd the 
equil portions aghc h nd 
and acfe (fig 22) 9 
The scaiaents gbh oe a 
and efd so formed were tlen attached to the end of a tube having 
an internal diameter represented by the dcetted cucle (fig 23) 
The width of each of the poitions ayhe ani acte cut awry from 
the 1 ns was made she¢htly zreater than the focal 
kingth of Jens x tangent of suns greatest dia 
mtr Thus at the focus two imigis of the sun 
were formed nearly in contict asin tig 24 The 
small mteivil between the adjacent lambs w ts 
then measured with 2 wire micrometer 
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Stvary also desciibes another form of heliomcter on the same Sava 


punciple, in which the scements agke and ach a4 

cementing their edges gh and ef tozether (hg 20) and covering all 
except the portion mdicated by the umshided arde — Sivary ex 
presses preference for this sccond plan, and makes the pertinent 
remark that in both these modtls ‘ the ravs of red hzht in the two 
solar images will be next to each other, which will render the 
suns dish more easy to be oburved than theriolet ones This 
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he mentions ‘‘ because the Bae in these two sorts are somewhat 
prismatical, but mostly those of the first model, which could 
therefore buir no greit charge (magnifymg power) 

A third molcl poposel by Savary consists of two complete 
lenses of e jul focal length mounted in cylinders , 
side by silc and attached to a strong brass plate (fig 
26) Here in ord to fulfil the purposes of the pe 
vious m)lels the distance of the centies of the lenses 
from ea h other should only slightly exceed the tan 
gent of suns diameter x focal length of lenses 
Savay dwells on the difheulty both of procuning 
lens 5 sufh ently equal in focus and of accurately 
adjusting ind centung them 

In the Mem Acad de Paris 1748 Bouguer de 
scribes an instrument which he calls a heliometer 
Lalande in lus Astronome (vol up 639) mentions 
such a heliomcter which had been im hus } ossession 
from the ycar 1753, and of which he gives a representation on 
Plate XXVIII, fiz 180 of the sime volume Bouguers helio 


mete! was in fact sinular to that of Swarys 


Pent 


thnd mole] with the important difler nee 
that instead of both olject ,Jasscs being 
fixed one of them is movible by 1 scew 
provided with a divided head = No auaih 
ary filar miuometer was required as in 
Savaty shcliomet 1 to mcasure the interval 
between the limbs of two adjacent imiges 
of the sun it buimg only necessary to tuin 
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[DOUBLE mMaGE 


with the attached semi lenses, move im slides fixed to the plate CC, 
—simultaneous motion, in contrary directions, beg communicated 
to them by tuining the handle E, which dnves a concealed pinion 
that works in the two racks seen in the highest pat of the figure. 
The amount of separation of the sem: lenses 1s mc sured by 2 scale 
5 inches long, subdivided to th of an inch, and read by a vernier 
on the plate F toggyth ofaninch In practical use this micrometer 
has never given satisfuct ny 1usults (see Mosotti in the Ffemen ie of 
Milan for 1821) It must be remembered, however, that when 
Dollond gave preference to this type he had not invented the 
achiomatic otject glass, his preference was fully justified under 
these cucumstances So far as we know no heliometet with a 
divided achromatic object glass was ever made by the elde: Dollond 
on the principle of lis fist type His son, however, made what he 
called an object glass micrometer, which was a great improvement 
on the elder Dollond s second ty pe 

In the olde: construction the brass mountings of the sem: lenses 
obstructed the hght entermg the telescope in proportion to their 
separation and the umoges were 80 coloured as to y1event the use 
of any but very low powers In the later construction the movable 
segments ale formed trom a negative ichromatic Ins of much larger 
apeiture thin the otject glass of the teles.ope with which the 
Miciometer 1s employed and, for convenience in mounting, the 
segments gbh and cdf (fig 22) are removed In the fine eaunple 
of this mstiument at the Roy i] Observatory, Caye of Good Hope, 
the movable lenses consist of seginents of the shape gach and 
eacf (fig 22) cut fiom 1 comylete negative achromatic combination 
of 8 inches aperture ani about 41 feet focal length composed of 


the suiew with the diviled head to change Fig 26 a double concave fimt lens and a double convex crown ‘This 1s 
the distance betwecn the object glasses till applie1 to an excellent achromatic telescope of 3} inches aperture 
the t so images of the sun are m contact as and 42 inches focal length The instrument is represented in 
m fig 27 Lhe differences of the rcadings hg 30 the same ktters imdicite the analogous parts of fig 29, 
of the xrew, when converted mtoaie afford The frame CL moved by 
the meins of mestming the vaiations of teeth on its outu ele, » 
the suns apj arent diameter cairies one of the halvi 

Dollont On the 4th Apil 1754 Dollond com Fig 27 G of the lens and a sum 


municated a paper to the Royal Society of London (Phil Trans , 
vol xlvm p 551) m which he shows that a miciometer can be 
much more easily constructed by dividing a single object glass 
through its 1x1s thin by the employment of two object gle 
He points out—(1) that a telescoy e with an object 
glass so divided still produces a single imi,¢ of 
any object to which it may be directed provided 
that the optical centies of the sesments ae in com 
cidence (2 ¢ provided the segments 1ctan the same 
relative positions to each oth ras before the glass 
was cut), (2) thit af the sesments aie separated 
in any direction two mnaizes of the object viewed 
will be proluced , (3) that the most convenient 
direction of separation for micrometiic purposes 1s 8 28 
to slide these straight edges one along the othe: as the figure 
on the margin (fig 28) reyiescuts them — for thus they may be 
moved without sufleriny any false lizht to come in between them , 
and by this way of removing them the distance between their 
centres may be very convcnicntly measured viz by having a 
vernier s division fixel to the Liass work that holds one segment, 
so as to slide along a a ile on the 
plate to which the other y art of the 
glass 13 fitted 

Dollond then points out three dif 
ferent types im which a lass so 
divided an] mounted inay be usc 1 a 
a micrometer — 

“1 It may be fixed at the enl of 4 
a tube of + suitable length to its Yf \ 
focal listance as in oly ct ,]1s — 
the «the end of the tule having m 
eye ,l iss fitted as usual 1m astrononi 
cal telescopes 

“2 It may be ay plied to the cnd of a tule much 
Bhorter than its focal distance by having anotha 
convex gliss within the tube to shorten the foc 
distance of thit which is cut m two 

3 It may be yyled tc the open end of 

reflecting telescope eith 1 of the Ncwtoniin on the 





lar fiame with teeth car 
ries the other half k A 
piale 84inches long 1s 
fastened like an edge bar 
to the frame of the seg 
ment G, and each inch 
1s subdivided into twenty 
parts, which «re read off 





Fig 30 
by avernier to yqyqth of an inch, and by estimation, this can easily 


be carne to g¢ygth or yeygth of an mch [he two movable fiames 
are imbedded in a fixed plate HH, suiewed to the vdapter B, 
having a circular hole in its middle equal to the diamcter of the 
object gliss The slide of the segmcnt G is moved by tuning 
the milled head to the mght of A and the other segment F by 
means of @ 1avk and pinion on the opposite side, the latte being 
turned fom the eye nd by a handle not seen in the gue A 
sclew 18 provided for climjing the slide of the segment G, as tt 
1s intende i that only the segment I shali be moved im making the 
final biscction ‘There 19 an indca attached to the slide of G reading 
on a 10u,h scale engiaved on the plate H which 1s obviously 
intended for setting the optical centre of the segment G ap, 1oxi- 
mately as far from the optical axis of the telescope on one side as 
the optical centre of the segment will be on the other side during 
the mtended measurement This arrangement not only permite the 
mcasurement of angles twice 1s great as would be possible if one 
segment were fixed, but is also important in increasing the sy mmetry 
of the measmes The vernier 16 placed at one end of the scale 
when the optical centres of the segments are in coincidence and 18 
provided with sciews at I, which are mtended for adjusting the 
zero of the scale Lhe younger Dollond has m this model 1etro- 
giaided, in some respects, from the idmirikle example of his fither, 
who as shown 1n fi, 29, not only gave the lenses automatic 
opposite motion symmetuicaly with wspect to the axis of the 
telescope, but secms also to have yrovided for entire elimination of 
in lex eriot by making it possible to obscrve all angles on opposite 
siles of zc1o—a pieciution possible im the late: form only when 
very sinall angles are meisticd Rotation of the micrometer in 
position angle 1s provided f ras in th carher form, but the m 
strument is not furnishe 1 with 1 y ositun circle 


With onc of these instruments of ssmewhat smaller dimensions Tries 
(telescoye 24 inchcs apcrture and 34 fict focus) Triesuccke: made 1 necher s 
series of measurcments at the olservitcry of Vicnna which has nieasure- 
been recently reduced by Dr Schum of Strasburg (Nova Acta der ments 
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time andeaperience ani which 1s mfi tthe modern 
heliometer 

Fiz 29 illustrates Dollonds divided ot yect hiss 
hehioncter of the thud type As the end of th 
reficting telescope upon which the rdiyter B 1s fitte! 
a wheel (not seen in the fi 





Fig 29 

B carn 
1) forme! of a rng racked at the 
outer edge, and fixed to the briss plate CC so that 1 pumon moved 


by the handle D may tun it into any position Iwo plates I, G, 


Ksl Leop Carol Deutschen Akadme der Natuisferscher xI]v 
No 3) The angle between the stars (and g Urse may (708 55) 
was incasured on four nights, the probable error of a measure on one 
uight was +0 44 Juyiter was measured on elcven mghts in the 
months of June anj July 1794 , from these measures Sc him derives 
the values 35 39 and 87 94 for the polar and equatoial diamoter 
respectively, at mean distance, corres; onding with 1 compression 
1/14 44 ‘These agree satisfactorily with the corresponding values 


observa 
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Fraun- 
hofer 
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35” 21, 37” 60, 1/15 69 after wards obtamed by Bessel (Kon.gsberger 
Beobachtungen, x1x 102) Fiom a series of measmes of the anzle 
between Jupiter s satellites and the planet, made im June and Jnly 
1794 and in August and September 1795, Schur finds the mass 


1 
of Jupiter = ois b5h1 45° * result which accords porfuctly with 


the received value of tho mass demved from modern 1csearches 
The probable eriois for the measmes of one night ave £0 577, 
+0 859, £0542, +1 096, for Sitellitis 1, Il, IIT, aud IV 
respectively It 1s probable that Liesnecker d duced the index 
ertor fiom his measures of the diameter ot Jupiter, as, in 1794, 
the measures of diameter a1e made on the same nights with those 
of the measurcs of distance of the satellites, and it 1 posstl le that 
ce of diameter may have been made in 1795 but not pub 
ishe 
Considering the accuracy of these mesures (an accuracy fur sur 
passing that of any contempotary observations), 1t 13 somewhit sur 
rising thit this form of micrometcr w is never systematic lly uscd 
im any sustained or impoitant astronomicil rcseatchis, although a 
number of instruments of the kiyd were made by Dollond 
Probably the list example of its employment 1s an observation of 
the transit of Mercury (November 4, 1868) by Mr Munn, at the 
Royal Observatory, Cape of Good Hope (Aunthly Aotwes R A S, 
vol xxia p 197-209) The most important part, however, which 
this type of instrument secms to hive played im the history of 
astionomy ariscs from the fact thit one of them was in the posses 
sion of Bessel at honigsbers dwing the time when his new obset 
vatory there was being built In 1812 Bessel mcasured with it the 
angle betwecn the compcnents of the double stu 61 Cygm and 
observed the great comet of 1811 He ilso observed the eclipse of 
the sun on Miy 4, 1818 In the discussion of these observations 
(Konigsbe: ger Beobacht , Abth 5 p iv) he found thit the index 
erior of the scale changed systematically in different position an)cs 
by quantities which were independent of the duection of grivity 
relative to the position angle undcr mcasurcment, but which 
depended solely on the dutction of the mcasuicd position an_le 
relative to 1 fiacd radius of the object glass Bessel attributed this 
to non homogeneity m the object glass, and determined with greit 
care the necessary cotrections But he was so delishted with the 
general performance of the tstiument, with the sharpness of the 
images, and the possibilities wluch a kmdicd construction offered 
for the measurement of considerable angles with muciometric 
accuracy, that he resolved, when he should hive the choice of 
a new telescope for the observatory, to secure some form of 
heliomete1 
Nor 1s 1t difheult to imagine the piobible course of reasonmg 
which led Bessel to select the model of his new heliometer Why 
he might ask, should he not select the simple forin of Dollond s 
first type’ Given theachromatic objcct gliss, why should not 1t be 
divided? This construction would give all the advantage of the 
younger Dollon 1s object glass mx rometer and more thin its sharp 
ness of dichiuition, without lubility to the systematic erors which 
may be duc to w int of homogencity of tne object gliss, for the lenses 
will not be turned with respect to each othe1, but, 1 mcasurement, 
will alwiys have the same iclation im position angle to the line 
Joins the objects under observition It 1s true thit the scale will 
require to be capable of buing read with much ,reater accuracy than 
yoth of an inch—toi that, even im 3 telesco} e of 10 fret focus, would 
mespond with 2 ofaice But, after all this is no pia tual diff 
Ity,—for screws cin be used to sc) at ite the Ienscs, and, by these 
rews, a8 In a Gascoizne mi 1omctu, the se atation of the lenscs 
can be measured , or we can have scales tor this purpose, reid by 
micioscopes, like the Tioughton! cucks of Piazzi or Pond, or those 
of the Cirey cucle, with almost wy 1equned accu rey 
Whether Bessel communierited such a cowie of reasoning to 
Fraunhofer, 01 whether thit great artist assed mdependently at 
like conclusions, we hive becn unable to asceit un with catiunty 
The fact remuns thit before 1820+ lraunhofer had comykted 
one or more ot the five hcliometers (31uches aperture md 39 inches 
focus) which hive since become historici mstinments In 124 
the gicat homgsberg hulomete> ~ -- -»mmenced, and it was com 
pleted in 1829 
To sum up briefly the history of the heliometer The first »py lh 
cation of the divided object gliss and the emyloyment of double 
Images In astionomicul meastics 1s duc to Savaly mm 1743 Io 
Bouzucr m 1748 13 due the true conception of measunement by 
double image without the auwhary aid of 1 hlar mi 1omete: vv, 
by changing the distance, between two olyect glasses of equal f cus 
To Dolloud in 1754 we owe the combination of Savaty s idea of 
the divided object glass with Bonzncis method of mcasmemcnt, 
and the constiuction of the first wally pretical hehometers Lo 
Fraunhofer, some time not long picvious to 1420 1s duc so fur a 
we can ascertain, the coustiuction of the fst heli meta with in 


1 The clicks by Rcichenbach, then almost exclusivel sed in Gaiminy 
read by vernicrs only 

2 The di m ¢:of Venus was measured with one of these heliometers t 
obsei vators o1 Breglau by Biandcs in 1820 (Bertin Jahrbuch 1824, p 164) 


achtomatic divided object glass, 7¢, the fis. hehometer of the 
modern ty pe 


Double Imaye Micrometers vith Divided Lenses 


Various nu tometcrs have been invented besides the heliometer 
for measuring by double image Kamsdens dioptne miciometer 
consists of a diva lens placed in the conjugate focus of the mner 
most Icns of the erecting ey tube of a teriestiial telescope ‘The 
mventor claimed that 1t would supersede the heliomcter, but 1t has 
neve1 done anything for astronomy Dollond claims the independ- 
ent invention and first construction of asimilai instrument (Pe irson’s 
Fractal Astronomy vol u p 182) Ot these and kindred instru 
ments only two types have proved of practical value Amici of 
Modena (Jfm Soc Ital, xvn (1815) pp 344-849) describes a 
miciometer in Which a negative lens 13 introduccd between the 
eye piece and the object glass This lens 1s disidcl and mounted 
like a heliomncter object glass, the separation of the lenses produces 
the 1equned double image, and 1s measuied ty a screw Danes 
has very successfully used this micromcter in conjunction with a 
filar micrometer, and finds that the precision of the measures 1s 
mm this way greatly increase 1 (Wonthly Notices, vol xvm p 58, 
and Wen A A $, vol xxxv p 147) 

In the improved form ® of Any s divided eye glass miciometer 
(lem R A S,vol xv jp 199 209), the rays fiom the object 
glass pass succcssivcly through lenses as follows 


Distance fi m 
Lens nest Leng Focal Length 


@ An equiconvex lens arbitrary =p 
b 5 


¢ Plano convex conver towards b 
d Plano convex convex towards ¢ 1 





The lens 5 1s divided and one of the sezments 1s moved by a 
micrometer scren The maguifying power is varied by changing 
the lens a for another in which p has a difluent value The magm 
tying power of the eye piece 1s that of a single Icns of focus= 4p 

In 1850 Valz pointed out that the other opti i conditions could 
be equally satisted if the divided lens were made concave instcad of 
convex with the advantage of giving a larger field of view (Monthly 
Notwes, vol x 1 160) 

‘The last improvement on this instrament 1s mentioned mm the 
Report of the R A S council, February 1865 It consists in the 
introduction by Simms of a fitth lens but no satisfactory desen 
tion has ever appened There 1s only one practical published * 
mnvestigation of Any s micrometer that is worthy of mention, 
viz, that of kaiser (dnnalen der Sternuarte wn Lerden, m pp 
111-274) The reader 13 1eferred to thit paper for an exhaus 
tive history and discussion of the mstrument® It 1s somewhat 
surprising that, after kaiser s investigatious, observers should con 
tinue, as many have done, to discuss their obseivations with this 
instiument as if the screw value were constant for all angles 

Stemnheil (Journal Sarcant de Munich, 28th | ebruaty 1843) desembes Stein- 
a “heliomette oculaue’ which he made for the great Pulkowa re heil’s 
fiactor, the result of consultations betwecn himself and the elder ocular 
Stiuve It 1s essentially the same in principle as Amicis micro micro 
metet, except that the divided lens is an achromatic positive instead meter 
of a negative lens Struve (Description de l Observatoire Cuntral de 
Pulkoua, pp 196, 197) adds a few remarks to Stemheils descrip- 
tion, in which he states that the mires hive not all desiralle 
Neate fault perhaps inevitable mm all micrometers with 

ivided lenses, and which 1s probably m this case izgravated by 
the fact that the rays falling upon the divided lens have consider 
able convergence He however successfully employed the instru 
ment in miasuning double stas, so close as 1 o: 2, and using a 
power of 800 diameters, with result, that ameed satisfactorily 
*mongst themselves and with those obtun d with the tilir micro 
ieter If Struve had employed a progerly proportioned double 


3 For descnption of the euhest fo e Crmbridje Phil Thane vol n a 
Greenwich Ol erraitons 1840 

4 We wi deistand that a vers thorcugh 1s igation of Aus» double mace 
mciomete use! by Di C peland it Mauutn in Lord Lindsay » expedition has 
been male bs him and will son te publisl et 

5D wes (Monthly A tices Jinuay 1S S ani Wem RA §& vil xs p10) 
las suggested and used a Valuable in} ovement for produang rein) images 
insterl f the Gongatel imipes whic are othcrwise inevitabl. wh n the raya 
pass through a divide l ins «f which the optical centies ale not in cou iderir 
viz the mtrod uticn of a diaphragm having two eneula apertures touch ¢ 
each other in a point co naiding with the hne of ecliimatron of the telenc yo a d 
the diamete: cf each aperture eract/y equa to the semi huameter of the « ne f 
tavsat the tistance of the diajhiagm from the foci p mt of the wtye ¢ glass 
Practically the difficulty of making these haphracms tar the 4 ffaent powus ff 
a cutun amount of lijht we sec no icasom why they nov noticably ber a 
slightly lesa = Dawes found the best cthod fir th purpose in qu sin wast 
lit the rpeitwe of the object glass by a diaphragm }avinga ft alle citeuls 
apertuie } lacing, the line jomlap, the centics cf the cirel s ayyr \imate vin th 
posit: n angle under measuiemert Diw s suce ssfulh ¢ i a 

: : aie: 2 law 

Sites hice Colston ts tho 
viz , by placing circula: diaphragms ¢ 


Rochon s 


micro 
meter 
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circular diay hragm fixed symmetne yw. h theaais of the telescope 
in front of the divided lens and turning with the micrometer, it 
is probable that his report on the instrument would have been 
still more favouralle This particular istrument has historical 
interest having lel Struve to some of those enticisms of the 
Pulhow t hcliometer which ultimately bore such valuable fiut (see 
below 

Runs len (Phil Trans vol xix p 419) has suggested the 
division cf the small speculum of 1 Cassegrin telescope and the 
product: n cf doulle image by micrometiic rotation of the semi 
spc uluim the plane pissing through then axis Brewster (Ency 
Int 8thed vol xiv p 749) proj oses a plan on a like principle, 
by diviling the plane mirror of 4 Newtonian telescope Again, 
in an ocular heliomete: by Stemnheil double image 1s similarly 
produced by a divided prism of total reflexion placed im parallel 
ays But practically these last thee methods are failues In 
the last the field 15 full of false light and it 1s not possible to give 
sufhciently mmute 1n { steady separation to the images and there 
are cf necessity a ollimator two prisms of total reflexion, and a 
small tulescoye thi uli which the rays must pass, consequently 
there 1s great loss of light 


Vacrometers Depending on Double Refraction 


To the Alb Rochon (Jour de Phys, liu 1801 pp 169 198) 
1s due the happy 2dca of apy lying the two umages formed by double 
refraction to the construction of a micrometer He fell upon a 
most ingenious plan of doul ling the amount of double rcfiaction of 
a prism |y n ing two prisms of rock c1ystal so cut out of the solid 
ag to give each the same quintity of double refiacti n and yet to 
double the juantity in the effict produced The combination so 
formcl is Jn wn as hochons pusm Such a prism he placed 
between the object glass anieve piece of a telescop ‘The separa 
tion of the 1m1ges incicases as the piism is approached to the obyect 
glass and diminishes as it 1s approwhed towards the eye piece 

Argo (Comptes Lendus xxv 1847 yp 400 402) founl that 
in Rochon s micrometer when the prism was approached close to 
the tye piece for the measurement of very small angles the 
smallest imperfections in the crystal or its suifaces were incon 
veniently magmificd He therefore selected for any particular 
Tueasurcment such a Rochon prism as when fixcd between the eye 
and the eve piece (2¢ where a sunshade 1s usually 31 ced) would 
combined with the noiinal eve piece employe! bing the imyes 
about to bu meisui d neatly im contict He thcn altered the 
magnifying power by slilmz the fell lens of the eve piece (which 
was fitted with + sly ying tube for the purpose) along the eye tube, 
till the mises W 1e brou,ht into contact By a scale attached to 
the shdin, tule the magmfying power of the eye piece ws deduced, 
and this combine 1 with the an_le of the pnsm ra i gave the 
angle measuicd +=Ify 15 the retracting angle of the mism and n 
the ma,nifyimg power of the eye piece then p /n will be the distance 
observed A1ago made many measuies of the diameters of the 
planets with such a miciometer 

Dollon] (Phil Trans, 1821, pp 101 108) describes a double 
ima,.e micrometer of his own invention in which a sphere of rock 
crystal 13 substituted for the eye lens of an ordinary eye yiece In 
this instiument (figs 31,82 @1s the sphcre y]iced in half holes on 





Fig 31 
the axis Jb so that when its prmerp:] axis 1s yalall | ty the axis of 


the telescoyc it gives only one ima,e of the obj ct Ina direction 
peryen licular to that isis rt must be so placed that whin 1t15 
novelly rotation of the axs bb the sey aration of the 11n3,¢s shall 
be patillel to that mction The angle of xotation 15 mcasure] on 
the graduated circle Lhe angle between the objects measured 
w=rsin 26 where r 15 1 constant t» te detcrmuned for each mis 
mifying power employed? anl @ the angle through which the 
sphere has tccn turned fr m7 ro(ve fi mecmal nce of ats prin 
cipal axis with that of the telescope) Lhe maamum scpatation 
18 consequently at 4u° from aero lhe measurcs can be mak on 
both sidcs of zero for eluninating index error There are consider 
able difficulties of construction but thcsc have becn suc essfully 
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overcome by Dollond, and in the hands of Dawes (Mem R A S, 
xxxy p 144 sg) such instruments have done valuable service 
The} are liable to the objection that their employment 1s limited 
to the measurement of very small angles, viz, 18 or 14 when the 
magnify ing i 18 100, and varying inversely as the power Yet 
the beutiful images which these micrometers give permit the 
measurement of very difficult objects as a check on measures with 
the parallel wire micrometei 


The Modern Helwmeter 
The honigsberg heliometer 1s represented in fig 83 No 


fixed on a telescope 
tibe, mile of wood, 
in Fraunhofer s usual 
fashion To this 
adayte1 1s attached a 
flat circular flange 4 
The slules carrying 
the segments of the 
divided object glass 
are mounted on a 





Fig 33 
ae! which 18 fitted and ground to rotate smooth); on the ae 


Rotation 1s communicated by a pmion turncd by the handle 
e(conccalcd in the figure), which woiks in teeth cut on the edge 
of the flange & The connterporse x balances the head about 
its axis of rotation ‘Lhe slides are moved by the screws a and 2, 
the divided heads of which serve to measure the separation of the 
segments These screws ate turned from the eye end by bevelled 
wheels and pinions, the litter connected with the handlesa, B’ 
Ihe reading n 1crometers ¢, 7 also serve to measure, independently, 
the separation of the segments, by scales attached to the slides, 
such measurements cin be employed as 2 chech on those made by 
the screws ‘The measurement of postion angles 1s provided for 
by a graduated circle attached tothe herd — There is also a position 
circle, attached at m to the eye end, provided with a slide to move 
the eye piece radially from the axis of the telescope, and with a 
micrometer to measure the distance of an object from that axis 
The ring which cimes the supports of the handles a, 0, ¢ 18 
capable of 4 certain amount of rotation on the tube The weight 
of the handles and their supports 1s balanced by the counterpoise z 
This ring 15 necessary in order tu allow the rods to follos the 
micrometer heads when the position angle is chinged Complete 
rotation of the hcad 1s obviously impossible because of the inter 
ference of the declination axis with the rods and therefore in some 
angles oljects cannot be measuicd in two positions of the circle 
The ms »/183 has an aperture of 64 inches, and 102 inches focal 
lengt 

There are three methods in which this hcliometer can le used 

Furst Method —One of the segments 15 fixed in the axis of the 
telescope, and the eye piece 18 also placed in the axis Mesures 
are made with the moving segment displaced alternately on op} osite 
sides of the fixed segment 

Second Method —One segment is fixed, and the measures are 
made as in the first method, excepting that the eye yece 1s plued 
symmetrically with respect to the images under measur ment 
For this purpose the position angle of the eve piece nucromctet 18 
set to that of the head and the eye piece 1s displaced fiom the 
axis of the tube (in the direction of the movable s%gment) by an 
amount equal to hilf the angle under measurement 

Third Method —The eye piece 1s fixel in the a3 and the 
segments ire symmetrically displiced fiom the avis eich ty an 
amount equal to half the angle measuned 

Of these methods Bessel generally eniy loyed the first lecause of 
its simplicity, notwithstanding that it mvolvcd a resetting of the 
right ascension and dcchination of the axis of the tule with cach 
reversal of the segments The cliet oly¢ tions to the method a6 
that, as one star 1s in the axis of the telescope int the other dis 
placed from it, the mages are not both mf cus of the eye piece 4 
and the rays fiom the two stars do nct male the sine angle with 
the optical axis of each segment ‘Thus the two miss unker 
measulement are not defined with equil shuyness ind symmetry 
The second method 1s free from the cl jection of non comadence mn 
focus of the images, but 13 more trout lesone im pra ti ¢ from the 
necessity for frequent readjust nent of the ycsition of th cve y 1c 
The third method 13 the most symmetrical of ul, } th m ol sex 
vation and reduction but it wis not emyloycd |y Bessel, on the 
ground that it involved the detcimmution of the ¢irors of two 
screws instrad of one On the other hand it 15 not necessary to 
reset the telescope after exch reversal of the se,ments ! 


2 The distances of the optical ecntres of tl srgir_ nts from the cye piece are in 
this method as 1 secant of thearpleunle: measme nent Jn Bessel s heliou eter 
this would amount to a difference cf yféyth of an inch whcn an angle of 1° |s 
measued or two dcg ees the d ffe cnce wenld amount to neaily goth of an 
mch Bessel confined his me surest listanccs considerably less than 1 

2 In criticizing Bessel s cholce of methods and : naldering the loss of time 
invoived in each it must be remen bercd that Fiat nhofer provided no means of 


rt of Konigs 
the equatorial mounting 1s shown in the figure, as 1t resembles m berg 
every respect the usual Fraunhofer mounting An adapter 2 19 helio- 
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When Bessel ordered the Konigsberg heliometer, he was anxious 
to have the segments made to move in cylindnical shides, of which 
the radius should be au to the focal length of the object glass 
Fraunhofer, however, did not exccute this wish, on the giound 
that the mechanical dithculties were too great 

Wichmann states (Konigsb Beobach , xxx p 4) that Bessel had 
indicated, by notes in his handbooks, the following pomts which 
should be kept in mind in the construction of fan beliometer _ 
(1) The segments should move in cy lindzical slides } (2) the screw 
should be protected from dust ,? (3) the zcro of the position encle 
should not be so lable to change ,® (4) the distance of the optical 
centies of the segments should not change in diffrent position 
angles or otherwise, * (5) the points of the microme tur screws should 
rest on ivory plates ,° (6) there should be an apparttus for changing 
the screen © 

The elder Struve, in deseribing the Pulkowa hehometir 7 made 
by Merz mm 1839 on the model of Besscl s heliomcte, submuts the 
following suggestions for its improvement ®&—(1) to give automatic 
ally to the two sesmients simultancous equal and opposite move 
ment ,° and (2) tomake the tube of brass istcad of wood, to attach 
the heliometer head firmly to this tube to place the eve piece permi 
nently in the axis of the telescope, and to fix a strong ciadle on the 
end of the declination axis, in which the tube, with the tttached 
head and eye piece, could rotate on its axis 

Both aah are important = Lhe first 1s originally the idea 
of Dollond (fig 29), its advantages wore overlooked by his son 
(description of fig 30), and 1t seems to hue been quite forzotten 
tall resuggested by Stiuve But the method 1s not available it the 
separition 1s to be measured by scrcws, it 13 foun |, in that case, 
that the direction of the fizal motion of tuning of the screw must 
always be such is tu ploduce notion of the segment against giavity, 
otherwise the “loss of time 1s apt to be variable Thus the 
simple connexion of the two screns by cog whecls to give them 
automatic opposite mot on is not an avauable method unless the 
separation of the sizments 1s independently measured by scales 

dtruve’s second sugs stion has been ado} ted 1n neatly all succeed- 
ing heliometers It permits comylete 1 tation of the tube and 
measurement of all angles in 1everscd positions of thr cucle the 
handles that move the slidcs crn be brought down to the eye end, 
inside the tube, and ecnscquently made to rotate with it and the 
position cncle may be placed at the en} of the cradle next the eve 
end where it 1s convenient of acces» Stiuve also jy omts out that 
by attaching a fine scale to the focussing slide of the cye piece and 
knowing the cvefhcient of expansion of the brass tub, the means 
would be provided for determining the absolute change of the focal 
length of the object glass at any tume ly the simple process of 
focussing on a double sta: This with ahnowledze of the tempera 
ture of the screw or scrle and its cocfhiient of expuision, would 
enable the change of screw vilue to be determined at any instant 
Or, if we suppose the tempeiatuie of the instrument to be the 
same in all its parts, the chan,ed scile value becomes simply a 
function of the reading of the focal se ile 
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would probably most promote the advancement of sstronomy, 
stiongly advised the selection of a heliometer The order for the 
instrument was given to the Repsolds in 1840, but ‘“‘various aircum- 
stances, for which the makers are not responsible, contributed to 
delay the completion of the instrument, which was not delivered 
before the winter of 1848’ 1° The building to receive 1t was com- 
menced in Much 1849 and completed in the end of the same ycar 

This splendid instrument has a aupert object glass of 74 inches 
aperture and 126 inches focal length The makers availed them- 
selics of Bessel’s sugzestion to make the sezments move in cylin- 
drical slides, and of Struves to have the hcad attached to a brass 
tube , the eye piece 13 set Sea m the ixis, and the whole 
rotates in a ciadle attached to the declination axis I hey provided 
a splendid, rigidly mounted, equatorial stand, fitted with every 
luxury in the way of slow motion, and scales for mcasunng the 
displacement of the segments were rcad Ly yowertul nicicmeters 
from the eye end 4! It 1s somewhat curious that, thou h Stiuve s 
second sug, estion wis adopted, his hist was overloctel Ly the 
makers Butitis still more curious that it was not aftciw uds cured 
out, for the communication of automatic symimetiicil motion to 
both segments only involves a simple alteration yicviously de- 
seriled But, asat came fiom the hands of the mikcrs in 1849, the 
Oaford hehometer was mcomparibly the most powerful and perfect 
instrument in the world for the highest order of micrometric 
reseuch Jt so remained, unrivalled in evens respect, till 1873, 1t 
remains still optically, the most powerful heliometer in the world, 
and, with a few alteritions, it might almost rival the most recent 
instruments in practical convenience and accuracy These altera 

tions all of which could be made without great difficulty, are the 
folluwing — 

(a) Beyond the automatic symmetrical motion above described, 
the instiument should be fitted with means foi adjusting the screens 
fiom the eye end (see footnote ® in lust column) 

(7) The arrangement of the scales should te changed At present 
both scales are read sepuately by sepurte nucromcters, each 
rclitis, toa seprrate fiducial lne What the observer rc yuires 18 
the difference of the readings of the two scales in] this cin obyi- 
ously be most quickly and accurately obtumed if the edges of the 
two scales are brought together, and both ue reid, relatively to 
eich othe1, by the sime micrometer 

(c) The unsatisfactor} motion in position inzle should be replaced 
by the action of a pimon (attwhed to the craule) in the teeth of @ 
wheel (attached to the tube)? 

(a) The position citcle should be read by telescopes or microscopes 
attached to the cradle, and accessible frum tle eve end 

(ce) It would add greatly to the riyidity of work and the ease of 
the observer if a small declin ition circle were attached to the cross 
herd, ca} able of being read fiom the eve end 

As the transit of Venus of 1874 approwhed, preparations were 
set on foot by the Geiman Government in god time, a ccmmission 
of the most culcbrated astronomer. Was apjointe1, and it was re- 
solved that the hcliometer shculd be the mstrument clnefly rehed 


Bonn It 1s mobable that the Bonn heliomete: was in couse of con on ‘The fom long neglected emall heliometers made by Fraunhofer 
heho- struction before these suggestions of Struve were published or dis were biou,ht into requisition Fundamental alterations were made 


cussed, since its construction resembles that of the homgsbeig and 
Pulhowa instruments Its dimensions ate symilar to those of the 
former instrument Bessel, having been consulted by the cele 
brated statesmin Sir Robert Peel, on behiuf of the Rideliffe tins 
tees, as to what imstrumcnt, added to the Radchifc Observatory, 


reading the sc1cws or evcn the heads from the cye end Bess 15 practice was to 
unela np In declmation Jower ani read cff the head and then restcie the tele 
scope to ita former declination reading, the clockwork meanwhile fcll wing the 


upon them —their wooden tubes were 1epliced by tubes ot metal, 
means of meisunng the focal pomt were provided , symmetrical 
motion was given to the slides , scales on c ich slide were provided 
stead of screws for measuiing the scparation of the segmcnts, and 
both scales were read by the same mictomcter mictoscope, a 
metallic thermometer wr added to determine the tens erature of 
the scales These small instruments have since done winirable 
woth in the hands of Schur, Hartwig hustner, and Elhia 


The Russian Government ordered thiee new heliomcters (each of Rusman 
4 inches aperture and 5 feet focal length) fiom the Repsolds, and the helio 
desig” for their construction was supelntended by Struve Auwers meters, 


staisin right ascenmon The setting of both lenses symmetiically would undet 
such circumstanecs be very tedious 
2 This most important improvement would permit any two stars under measine 


ment each to be viewed in the optical axis of ca hscgment The optical centres 
of the segments would also 1emain at the same distance fiom the eye pi ce at all 
angles of separation [hus in meawwing the largest as well as the at allcst 
angles the images of both stais would be equally symmetrical ani equally well 
im focus Modern helometers made with cylmdiical slides measure angles over 
two degrees the images 1emaining as shalp and peifect as when the smallest 
angles are measured 

3 Bessc] found in course of time, that the original enrrections for the c1rors of 
bis screw were no longer applicable Hee nsideied that the changes were duc to 
year wh ch would be much Icascned if the screws weie protected fiom dust 

3 ‘The tube being of wood was probably lable to warp and twist in a very 
uncertain way 

4 We have been unable to find any published drawing showing how the seg 
ments are fitted in theh cells 

5 We have been unable to ascertain the reasons which lcd Bessel to choose 
tvory planes fo: the end beatings of hissuews He ac ually Inticduccd them n 
the honigsbe g hellometer in 1840 and they were renewcd in 1845 and 160 

6 A ecrven of wire gauze placed in front of the mgiient through whch the 
falnter a ar is viewed, was emploved by Busse! to equalize the bi Ihin 5 of the 
images unler observation An aranemcnt, afterwards described his becn 
fitted in modcrn heliometers tor plac ng the screen in front of e ther segment by 
a handle at the eye end 

T This hcliomete: resembles Bessel s, except that its foot 1s a solid block of 
granite instcad of the ill conccived wooden stiucture that supporte | his instru 
ment The object glass is of 7 4 inches apettnuie and 123 inches focus 

8 Desersption de | Observatow o central de Puihowa, p 208 

® Steinhell applicd such motion to adouble image micrometer made for Struve 
this instrument suggested to Struve the above mentioned idea of employing & 
similar motion for the heliometer 





Fig 34 
and Winnecke, the last named making the necessary experiments at 


Carlsruhe tig 34 represents the type of instrument which re. 





30 Manuel J hnson MA, Radehffe observer Ast: onemical Obser tatrons made 
at the Radcliffe Observatory Oxford in the year 15.0 Introducticn p ul 

1 The illum nation of these seales is interesting as bc ng th first application of 
electricity to the illumination of astronomeal instruments Thin }latinum wire 
was rend red incandcscent by a voltaic current a small Swan hyht 41d condenser 
would probably now be found more » itisfactory 

12 This has been recently carricd out by Stone, the present Radcliffe cbeervrr, 
on Gul 6 suggestion 
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sulted from their Jabours he brass tube, strengthened at the 
bearing points by stiong truly turne/ collars, rotates in the cast 


iron craulc g attached to the declinition axis @ 18 the eye piece 
fixed im that axis & the miciometer for reading both scales 












a, 
Loli 
who on ; 


rt ®, Tv] 
ZTenmemOnn Anon oo 


A = a — 
ae ee 
ET oo ane fy 


EERE TERNS MGI 9 
93,48 
= 
Sa See 


Fig 35 
¢, @ are telescopes for 1eading the position circle p, ¢ the handl. 
for quick motion in position angle, f the slow motion in position 
angle, g the handle for changing the separation of the segments 
h isa milled head con 


by acting on the bevel wheel g (fig 35) 
nected 1} a rod with A (fig 35), for the 
purpos of interposing at pleasure the 
prism min the axis of the reading micto 
meter this enibles the observer to view 
the graduations on the face of the nictallic 
thermometer rr (composed of arod of biass 
and a rod of zinc) 118 a milled head 
connecte i with the wneel 22 (fiz 35), and 
affords the mevns of placing the scicen 8 
(fig 34), ‘punterpoiael by w over uther 
half of the obj ct gliss 4 clamps the 
telescope in declination, » clamps 1¢ in 
nght ascension and the handles m and 
Z provide slow motion in declination and 
night ascension respectively 

The details of the inte 1 mechanism 
of the “‘heid will be almost evident 
from fig 35 without descmption The 
screw turned by the wheels at g, acts in 
a toothel are whenc as shown in the 
fizuie eyuu an opposite motion 1s com 
municatel to the A les Ly the jointel 
rods 2 2 The slides are hept firmly 
down to then bearmgs by the rollers 
2,7, 7 7 attached to axes which are in 
the millle very strong springs ‘Side 
shake 1s proventel by the screns and 
preeesh7? KA The scakesareratn a, 
they ate fastened only 2t the mid Ile, and 
are hey t down ly the brass pneces ¢ ¢ 

A similar heliomete: was made ty the 
Repsolis to the order of Lerd Lindsay 
for his Mauitius expedition in 1874 It 
ditfuel only from the three Russian in 
struments in hiving 1 mounting by the 
Coches in which the declination encle 
reads fiom the eyeend? Thus instru 
mut was afternails most generously 
lent by Lord Iindsiy ts Cull for his ex 
pedition to Ascension in 1877 ° 

These four 1 ps 11 hehometeis proved 
to be eacellent instruments eisy anl 
convenient in use and viclding r sults 


asmall toothe! wh cl clinyel doth 1 1 onne t Lwith the diy 
ing pinion tnere was ajt to bertomi nef ther Liatler than an 
mmmediite iction hus the slow moti n woull tile zlace ty 
jerks insteal of with the neccss ry sn thn s uml catamty 
When the heliomcter part of Tord Jindsivs h hometer was ac 
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quired by Gill in 1879, he changed the manner of imparting the 
motion in question A square toothed racked wheel was applied to 
the tube at r (hg 34) This wheel 1s acted on by a tangent screw 
whose bearings ate atticlied to the cradle, the screw 1s turned by 
imeins of a hindle supported by bearings 
attachel to the cradle, and commg withm 
convement reach of the observer's hand 
[he tube turns smoothly in the racked wheel, 
or can be climyed to it at the wall of the 
observer ‘his alteration and the new equa- 
torial mounting have been admirably made 
by Grubb, the result 1s completely success- 
ful ‘lhe mstiument so altered has been 
in constant use at the Cipe Observatory 
since March 1881 in determining the paral- 
lax of the more interesting southern stars 

Still more recently the Repsolds have com Yale 
pleted a new hehometcr for Yale College, College 
New Haven, United States I'he object glass helo. 
1s of 6 inches aperture and 98 inches Focal meter, 
length Ihe mounting, the tube, objective- 
cell, slides, &c , are all of sted? The mn- 
stiument 18 shown in fig 36 The circles 
for position angle and declination are read 
by miciometer microscopes illuminated by 
the lamp L, the scales are illuminated by 
the lamp 7 T 1s part of the tube proper, 
and turns with the heal The tube V, on the 
contrary, 18 attached to the cradle, and merely forms a mapper for 
the finder Q, the handles at f and » and the moving ring The 
latter gives quick motion in position angle, the handles at p 
clamp and give slow motion in position angle, those at f clamp 


and give slow moticn uo, t asc usin and declinitun a 
the eye yuce & the hint] for noving thes ments eth micro- 
met r mi roscoye for rea ling the sc ules and 8 ale micrometer, d 
the micrometer readers of the yosition and declinitiucn circles ¢ 
the handle for rotating the Junge wheel F which canis the 
steens ‘The hour eicle 15 also real by microscops and the 
uistrumnent can be uscd in b th positions (tube yreu ling and 
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orem) for the elimmatuon of the effect of flexure on the position 
angles 
here 18 very little left to criticize in this instrument It 

embraces the resulta of all knowledge and experience on the subject 
to the present time In one point however, modern heliomcters 
have a disadvantage compared with the older forms A gieat 
advance in accuracy was, no doubt, made when the screw was 
abandoned as a means both of moving and measuring the displace 
mént of the slides! But it 1s obviously much quicker to reid and 
~ecord the indication of one screw head than to bisect two or four 
scale divisions and enter the corresponding readings Auwets, in 
his researches on the parallax of 61 Cygm,? was able, with 
the Konigsherg heliometer, to make forty poimtings in about an 
hour, 1t 1s quick work to make sixteen pointings (reading two 
divisions on each scale at each pointing) with the modern heliometer 
in the same time, when attention 1s paid to the desirable reversals 
of the segments and of the position cucle ind the resettings in might 
ascension and declination Now time duzing of portunities of good 
definition (or otherwise)? is too precious to be sacrificed, if 1t can be 
saved even by ten foldlabour afterwards Cuinington‘ has suggested 
the possible use of photography to record the realings of astio 
nomical cncles, and since his day ‘‘Swan hghts nd ‘sensitive 
dry plates seems to have brought his suggestion within the range 
of practice A special microscope, fitted with an aplanatic ;hoto 
graphic oi ar and a well contrived cainer, might be made 
automatically to expose a different part of a narrow dry plate, b 
mere pressure or turning of a button after each bisection Hach 
plate might easily 1evord the sixteen bisections which constitute a 
complete measure of two pairs of stars (as in a parallax determina 
a Ast 1s only necessary to photograph two divisions of each 
scale, the photographic enlargement of these divisions need only be 
limited by the sensitiveness of the plates and the yower of the 
'lumination to produce 1 picture in a conveniently shoit space 
of trme The plates employed at mght could be convemently 
developed the following day and measured with a special ay paratus 
at any convenient time and with almost any desired accuracy 
Were such a system reduced to practice it woul at least double, 
perhaps treble, an observei’s possible output of work 

Gull has introduced a y oweriul auaihary to the accuracy of helio 
meter measures in the shape of a reversing ptism }laccd in front 
of the eye piece, between the litter and the observers eye If 
measures are made by placing the image of a star in the ccntte 
of the disk of a planet the observer may have a tendency tod so 
systematicrlly in erio: from some acquired habit or from natural 
astigmatism of theeye But by rotating the prism 90° the image 
15 presentcd entirely reversed to the eye so that in the mean of 
measures made 1n two such positions personal error 1s eliminated 
Similarly the prism may be used for the study and elimination of 
es ellois depending on the ingle made by a 

ouble star with the veitical The best plan of 
mounting such 2 }msm has been found to be the 
folloning 7, J? (tig 37) are the eye lens and field lens 
respectiv ly of a Meiz positive eyeyicee In this 
construction the lenses ale much closer togethe: and 
the diaphragm for the eye 1s much futher fiom 
the lenses than in Ramslens eye yuece lhe ymsm 
p 18 fitted accurately into brass slides (care } 





l 
Fig 37 
1as to be taken in 
the constiuction to place the piism so that an object im the 
centre of the field will so1emain when the eye piece 18 rotated in 


its adapter) There isa collar, clamped by the screw at S which 
18 so adjusted tht the eye piece 1s in focus when pushid home in 
its adapter, to this collar Lhe prism and eve, are then 
rotated togcther in the adapter 


On the theory of the heliometer and its use consult B ssel Asfronomtrche 
Untersuchungen vol 1 Hanstn Aucfuhsliche Methode mit 112 kia h fe scien 
Helvometer anzustelien Goth: 1827 Clauvenet Spherical ari Practical 1 t 0 
momu_vol fi pp 403-436 Philadcljhia and London 187¢ Sceiger Teor € 
des Helwometers Leipsic 1877 Lindsay and Gill Dunec/t Prthications v1 1 
Danecht (f ryilvate cxrculation) 1877 Gill Afemosrs of the J oyal 4st: onomtcal 
Society vol xlvi pp 1 172 


Micrometers which Involve the Fmployment of the Daw nal Wotion 


Advantage 18 often taken of the diurnal moticn to measure the 
relative positions of stais The vaneties of reticules and scales that 
have been employed are far too numeious even for mention mm 
detail The follow ing ate the means and methols by which most 
wo1k has teen done, and they are typical of all the otheis In the 
focus of his meridian telescope Lacaille had y brass disp hragm in 





TSicv as Atwerss dis usicn of Te cls of ervitons ( Lar Il vey 0 Cl 
Cygnit Al/a lungen der honig! Akai der Wr senscharien wl rity 18t8)}2 
clown arcayttowearand lance then cmos tis besdes unde nile to yy 
force and fie ion tc a delicate standaid of measmne 

2 Astron Nacheschten No 1416 

* kor example in determinug the diurnal parallax of a plinct the mot 
fas ourable condatic ns are } mite 1 on the one hand by the unceitamtics of efi c 
tion at large yenith distances and on the othe: ty th fitos f 
small ze: {th distances It wot ld probably be best fe {ors 
*<tween 60° and 60 7D and this would only be fe wihepecmal facilis r 
reading the scales 

4 Monthly Notwes R A S,vol xxx p 46 
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which was cut a hole, having parallel, sharp, straight edges of the [a 
shape shown in fig 38 he longer diagonal of the thombord caille’s 
so formed was at ight anles, and the shorter parallel, to the rhom 
diurnal motion The method of observation consisttd im noting boid 
the instant of ingress and egiess of eich star which picsented itselt 

Ihe mean of the times thus noted fur each star gave the tame of its 
transit over the mmagimary line ab, whilst the difference between 

the instant of imgicss and that of 
egress (converted into arc Ly the 
hnown approximate declin ition) gave 
the length of the chord traycrsed by 
the star parallel to the 1ma,inaly 
hhne cd Hence (the dimensions ot 
the rhomboid being known) tl ediffer_¢ 
ence of the stars declination from 
the lime ed became known (the ob 
server was of course careful to note 
whether the star passed to north or 
south of cd) Thus every star that 
crossed the field was observed, all 
their mght ascensions were refered 
to the clock time of prssing ab, and 





hig 3s 
all then declmations to thit of cd, hence thar mutual differ 


ences of mght ascension and declination were known In this 
way, 1n the short space of ten months, Lrcaille observed nearly ten 
thousand stars at the Cape of Good Hoye in the years 1701 525 
Fraunhofer s ring micromcter consists of a ring of stecl, very truly Ring m 
turned, mounted in a hole cut im a circular disk of glass he ring 18 cromete 
placed in the focus of a telescope, and viewed by a positive eye y1ece 
lhe observer notes the instants when the two objects enter and 
emerge from each side of thering The only data required for com- 
puting the difference of mght ascension and declination of the two 
objects are the times above mentioned, the divmeter of the ming, 
aud the approxmate declination of one of the objects The latter 
is always known Lhe methods of determunng the form: and of 
reducing the observati ns are to be found in escry work on practical 
astionomy The rng micrometer has been ]u,ely uscd in observ 
ing comets 
Argelander, in maku y his famous survey of the nortl ern heavens ® Arge- 
employed a semicitcle of glass the strught e ge of which (truly lander’ 
1ound) crosses the centie of the field of view it mght an.|cs to the scale. 
1uinal motion of the stais Differences of 11,ht ascension were 
directly observed at this edg« whalst diflexences of declination weie 
noted by strong dath lines drawn at 1ight angles to the edge at erch 
10 ofare A tclescope of 3 ches aperture with a magnify ing } ower 
of 10 diameters commandcd 4 field of 8° 20 in declination One 
observer wis placed at the telescope another at the cloch The 
telescope ol se1ver matkel the instant when the star touched the 
glass ede Ly calling sharjly the word eight or mine, dc, 
which also indicated the magnitude the sume observer also noted 
and recoided the reading of the declination scale (where the star 
ciossed it) without removing his eye from the telescoje The 
clock observe: wiote down the magnitude callid out ly the telescope 
observer and the instant by the clock when the word was given 
Jhe two records were then com} ucd after the observations of the 
might were over = In this way Schonfeld and Aiueger (Argelander s 
issistants) observed and citalosucd about thice hundied thousand 
stirs The yioballe erro: of an observation 18 aLout £07 sec in 
11,,hit ascension and £0 4 mm declination 
Bon 17 employed a very sin ilir ariangement difleing only from Bond's 
Argelander s in having the scale cut on 4 sheet of trans} arent mica mica 
ressth of an inch m thickness Very oblijue illumination was declino 
employed, and the divisions and figmies were seen L11,ht upon a meter 
ik bichground The im,¢ of declination wis nit d to 10, 
the scale was disiled to 10 , the right ascensions were ol «rved Ly 
chronographic regist: at on an] the great retractor of the Cim! ridge 
L_ & Observatory (with an aperture of 15 mches and ] owe cf 140) 
wasemployed The probable errors in nght ascension and declina 
tion wele found to be +0 06 sec mm nght ascension and £0 61n 
declination—1esults of marvellous accuracy considering the amount 
of work accomphishe |! in a short time and the faintniss (eleven to 
iwelye magnitudes) of the stars observed 
We were on the point cf cuitiuzin, Bonls progiimme as some Peters’, 
what too ambitious fcr realization without cooy eration Gt woudl zi ies 
tikc about tuenty six thousin i hours of clserving t1 carry out the 
scheme for the noithein hemisphere alone) when we ieceive | from 
litus of Clinton, U &, the fist twenty mips of aserus whi h will 
inclu le the whole of the shy betwecn dechiuation+30 end- 0 If 
we ons ju that all the stus im these mys of the eles nth mani- 
tule or brihter have been observed Ly a method sin lit tc Bonds, 
that the cnormous additional labour of frequent revis n tas L en 
und itaken aniillstussinbk witha powu of § match cpeof 
13 inches aperture (about fourteenth magmtude) hw ' nf kdin 
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by alignment, and that all this results from the unarded labour of a | 


single obserrer, we find that our ideas of the possible hive to be modi 
fied, when su ha min undertakes @ work with persistent unity of 
purpose for more thu twenty years (1860-88) 

There is an nzemous inode of 1egistering differences of declination 
that has bcen im use it the Berlin Observatory since 1879, and 18 
descuted Ly Di Anwie m the Zerschrift fur Instrumentenkunde 
for July 1851 Ihe mistrument is callcd a declnogiaph It hasa 
web moved im dcchnation by a quick acting screw , the same screw 
caries a travelling pucker or yomt — Lhe obscaven having bisected 
a stu by the wire has simply to compress a mdia rabber bill con- 
n cted by a flexable tule with a thin metal boa made on the prn- 
ciple of the ywuum chamber of an aneroid barometer ‘The ea- 
pansion of this box s0 produced bimgs i sheet of paper i contact 
with two pickers onc the movable pucker before mentioned, the 
otha a fixed yricher [he a tion of the va uum box also 
automatically shifts the prper (a long roll) by a small quintity at 
each obsery ition so thit su cessive observations we mcorded im 
regulir order To obtun the observed differences of declination it 
1s then only necessuy to measure with 2 gliss scale (divided for 
the sp iil t les ope to 10) the distance of ech record of the 
movng pucka fiom the frxcd prickar It 1s found, with this 
de lnogiiph on the b alin equator] that the observed declina- 
tious have only 1 probuble er1or of &0 9 Its obvious that by 
using a chionogiiph m conjunction with this instrument both 
ight asucusions and declinations could be recorded with great 
accur icy and 194 1dity 
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the cone of 11)» from the ol ject lass it mzht myles to the 
telescope. avis One half of this pline icmams fixe], the other 
halt is movable When the meliniti n of the movable half with 
respect to the aus of the tel scope 15 changed by rotition about an 
aris it rizht angles to the pline of division, two images ale plo 
du cd = Lhe amount of scp ition Is very small, and depends on 
the thickness of the ,liss, the imdcx of refi ution, and the focal 
length of the teluscop Secchi (Compt s Lendus, xl, 1855, p 
906) ,1v¢s an 1c ount of some exp uiments with a similar micro 
meter, and Porro Gump tes Rendus, sl. p 1058) clinms the on,mal 
invention and construction of such 4 micrometi1 1n 1842 Cl sen, 
however hag un loubted prionty Hc! nholtz m his “ Ophthalmo 
meter has emploved Clausens prinuple, but airintes the plates 
so that both move syinmetiically in opy osite directions with 1¢9} ect 
to the telescope axis Should Cliusens micicmeter be emploved 
as an astronomical instrument 1t would be well to adopt the im 
provemcnt of Helmholtz 

Burton and Grubb ( Wonth7y Aotrecs, vol \li p 59), after calling 
attention to Lamonts paper (Jahrbuch acr K & b Munchen, p 
187) and Littrow s paper (Proc cf Veen ra toad of Scrences, vol 44 
p 20.) on 2 hike subject j rocecd to ltsciibe a most ingenious form 
of ‘* (yhost Micrometer, im which the aay of a fine line or lines 
ruled m (or 1ith« cut thioush) a silver film deposited on glass 15 
founcd at the common focus of an object glass ind eye piece of a 
telescom =A faint izht buns thrown on the outside of the sils ered 
ite there appew bright lines in the held of view =We have not 

al in opportumty of testing this nor Giubbs more recent 
models but, should at be found possille to produce such images 
gatisfictonly without dist ition and with an ippiritus convenient 
and 1gul in form, such micrometers will probably supusede the 
filar micrometer ‘Then asolute fie lom from diffiiction, the 
perfect control of the ifluminition ud thickness of the lincs, and 
the accuruy with which it will be pessible to construct scilcs 
for zonc observations will be imjortant fertuns of the new 
method 

For the use of micrometers in connesion with the microscope, 
see p 277 of the present volume (D Gl) 


MICRONESIA The term “Micronesia” embraces 
that region of the Pacific north of the great Melanesian 
islands, whore, eithcr perhaps from a greater or more rapid 
subsidence, or from the decreasing activity northwaids of 
the coral builders, the lands become, generally speaking, 
smaller and fewer, and finally cease Accordingly, except- 
ing the Mananas or Ladrones, which are of volcanic 
origin, and a few isolated imstanccs of elevation in the 
Carolines, the Micronesian islands, thoush many of the 
groups cover a vast area, are almost without exception very 
small low coral (atoll) formation, Besides the Laprone 
and Carotine Istanps (¢v) Micronesia includes the 
Marshall and Guoert groups, and some geographers 
‘nclude the Anson group, a number of small widely 
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scattered islets to the west of Hawau, the Magellan 
group farther west, and the Bonm Islands north of the 
Ladrones ! 

North easterly winds prevail durmg the winter months 
over the Marshalls, Ladrones, and Carolines, except m 
the extreme west, while between May and September the 
mfluence of the monsoon causes unsettled weather from 
the west, with heavy gales In the Gilberts the south-east 
trade wind brings fine weather at this season 

The ethnological features of Micronesia are much more 
definite than the geographical, for its populations form 
one great branch of the fair Polynesian race, distinguished 
from the other by well marked differences mm appearance, 
language, and institutions Its ethnological relations are 
not thoroughly understood The moximity of Japan and 
the Philippines on the west and of the Papuan and South 
Polynesian islands on the south and south east suggests, 
what in fact we find, a combination of elements 1n diffcrent 
degrees of fusion In some places the oblique Mongolian 
eye 18 noticed, and (along with certain Indo Chinese 
customs) there 1s often a scantiness of beard and general 
“Malay ” look which increases westwards, and seems to 
imply relations with the archipelago subsequent to the 
departure thence of the pure Polynesians In the Gilberts 
the traces of Polynesian (Samoan) influences are evident, 
and are confirmed by tiadition Among the Carolines and 
the Marshalls darker and more savage communities are 
found, suggesting a Melanesian element, which 1s further 
traceable in the Ebon (Marshall) and other languages 

Each of the four groups, from long isolation, has devel- 
oped peculiarities of its own The most advanced were 
the “Chamorros” of the Ladrones, owing to the greater 
natural resources of the islands, and perhaps more frequent 
contact with influences from the west, but as a separate 
people they no longer exist, haying been neaily extermin- 
ated by the Spaniards in the 17th century Next in 
advancement come the Carolines The general type isa 
well proportioned rather slightly built figure, with small 
and regular features, head high and well proportioned, 
but forehead rather retreating, and narrow at the temples , 
cheek bones and chin shghtly prominent , colour somewhat 
darker than the Polynesians, the Marshalls being darker 
and more vigorous than the Carolines, wluile the Gulbert 
type 1s stall darker and coarser The upper class greatly 
surpasses the common people in physique and intelligence 

There 1s a peculiar division of society mto septs or 
clans, the membership of which constitutes the closest tie, 
Persons of the same sept must not intermarry, and when 
two islands or communities meet 1n war the members of 
one sept, however widely separated by distance of space 
or time, will not injure or fight with each other Each 
community 1s usually composed (but there are local differ- 
ences) of—(1) an upper class of cluefs, from among whom 
the head (tamol or 270s) 1s chosen , (2) a lower but stall 
noble class, and (3) common people, mostly without 
rights of property These last are only allowed one wife. 
Assemblies of the chiefs everywhcre limit the kingly 
authority In the Marshalls the sovereign has lost his 


‘ control over many of the atolls, and in the Gulberts the 


above distinctions have nearly disappeared, the headship 
has lapsed, and, especially m the southern islands, the man 
of largest substance 1s the most powerful, and sometimes 
establishes a local supremacy Here and there are traces, 
as in Tonga, of a spiritual sovereign, the descendants 
probably of a conquered dynasty Succession 18 through 
the female side, which assures to women a certain position, 


1 These islands, which contain a mixed immigrant population, are 
claimed, and have been recently surveyed, by Japan But they were 
annexed to England by Captain Beechey in 1827 (See Von Kattlitz, 
Denkwurdighaten emer Rewe nach . Mikronenen, &c , vol 11 ) 
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and leads besides to some curious results (see paper by 
Kubary in Das Ausland, 1880, No 27) The upper class 
are the keepers of traditions, boat builders, leaders of 
expeditions , tattoomg 1s generally done by them, the 
amount increasing with a man’s rank, the custom here 
still has definite religious associations Both sexes are 
tattooed The people are singularly amiable and well 
disposed, but will repay ill usage with treachery The 
women (although chastity 1s not expected before marriage) 
are somewhat more moral than the Polynesians, and are 
treated with respect, as are the aged The natives are 
polite and hospitable to strangers (except on the poorer and 
rader islands), bright and intelligent, active traders, expert 
cultivators and fishermen They have a hand loom from 
which beautiful fabrics of banana, hibiscus, and other fibres 
are produced The Marshall Islanders are the boldest 
and most skilful navigators in*the Pacific Their voyages 
af many months’ duration, in great canoes sailing with 
outrigger to windward, well provisioned, and depending on 
the skies for fresh water, help to show how the Pacific 
was colonized They have a sort of chart, medo, of small 
sticks tied together, representing the positions of islands 
and the directions of the widsand currents A two edged 
weapon, of which the blade 1s of sharks’ teeth, and a 
defensive armour of braided sennit, are also peculiar to the 
islands, a large adze, made of the 7ridacna gigas, was 
formerly used m the Carolines, probably by the old 
builder race 


The languages of Micronesia, though grammatically alike, differ 
widely in their vocabularies They have the chief characteristics 
of the Polynesian, with Malay affiuities, and peculiarities such as the 
use of sufhxes and separable pronouns and, as in l'agal, of the infix 
to denote changes in the verb, in the west groups there 1s a tend 
ency to close 1 syllables and double consonants, and a use of the pala 
tals ch, 7, sh, the dental th, and s (the last perhaps only in foreign 
words), which 1s alin to the Polynesian These letters ate 
wanting in the Gilbert language, which differs considerably from 
all the others, and has much greater affinities with the Polynesian 

The teligious myths aie generally identifiable with the Polynesian, 
but a belief in the gods pioper 18 overshadowed by a geneial 
deification of ancesto1s, who are supposed from time to time to 
occupy certain blocks of stone, set up near the family dwelling, and 
suriounded by circles of smaller ones These stones are anointed 
with oil, and worshipped with prayer and offerings, and are also used 
for pu: poses of divination 1m which, and in vanous omens, there 1s 
a general belief In the Marshalls, in place of these stones, certain 
palm trees are similarly enclosed The spimts also sometimes 
inhabit certain birds or fishes, which are then tabw, as food, to the 
family , but they will help to citch them for others All this 
closely recalls the Aarwars o1 ancestral 1mages of New Guinea 
Templcs are very rare, though these blocks of coral are sometimes 
surrounded by a roofless sncloaure opening tothe west The bodies 
of the dead, and sometimes even of the sick, are despitched to sea 
westwards, with certain rites, those of the chiefs, however, are 
buried, for the orde: has something essentially divine about 1t 
their bodies therefore are sacred, and then spirits naturally assume 
the position above described Such a belief gieatly strengthens the 
king s authority, for the spirits of his ancestors aie necessarily more 
powerful than any other spirits Thus too 1t comes that the chiefs, 
and all belonging to them, are tabu as regards the common people 
There are various other subjects and occasions of tabu but the 
institution has not the oppressive and all pervading charicter 
which it has in Polynesia Its action 1s often economical or 
charitable, ¢ g , the ripening cocoa nuts are tabu as long as the brea | 
fruit lasts thus securing the former for future use, or 1t 1s put on 
after a deith, and the nuts thus saved are given to the tamuly— 
a kindness to them, and a mark of respect for the dead 

The flora of the Gilbert and Marshall groups 1s of the usual 
oceanic character, with close Indo-Malay afhnities It 1s much 
poorer than that of the Carolines,! with its Moluccan and Philp 
ee elements, and this again 1s surpassed by that of the Ladrones 

n the Gilberts the scattered waoile: of cocoa palm and Pandanns 
have little undergrowth, while the south Marshalls, being within the 
belt of constant precipitation, have a dense growth of (mostly) low 
trees and shrubs, with here and there a tropical luxuriance and 
variety unusual on atolls he Pandanus grows wild profusely, and 
as of exceptional importance, bemg the chief staple of food, so that 


1 About 180 species have been observed on Kusaie, one fourth of 
all the plants being ferns, 
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the cocoa nut, which, however, flourishes chiefly in the Gilberts, 1s 
used mainly to produce ol for exportation The bread fruit grows 
chiefly m the south Marshalls The taro (Arum cordifolrum 
and others) 1s cultivated Jaboriously, deep trenches being cut in 
the solid rock for its irmgation, but this and other plants of ‘ultiva- 
tion, and indeed the vegetation generally, fall off im number and 
quality northwards Various vegetables are grown on soil im- 

rted for the purpose Marine plants are rare Wilkes found on 

akin Island, Gilbert group, a ‘‘ fruit resembling the gooseberry,” 
called ‘‘te:paru, from which a preserve is made This seems very 
hike the tipar: or Ca oseberry of India (Physalts peruviana). 
And their Labi a nak weeds from the cap of the flower stalk of 
the cocoa palm (unfermented before the arrival of Europeans), recalls 
the arrack of southern Asia 

The fauna, like the flora, becomes poorer eastwards, birds being 
much more numerous on the high islands than on the atolls, where 
the few are chiefly aquatic On Bonabe (Puy nipet) out of twenty- 
nine species eleven are sea birds, and of the remaining eighteen seven 
are peculiar to the island From the Pelews fifty six species are 
recorded (twelve peculiar), and from the neighbouring Mackenzie 
group (Ulithi) twenty (six peculiar) Yet curiously no species 1s 
recorded common to these two groups and peculiar tothem The 
common fowl 1s found everywhere, wild or tame, and 1n some places 
1s kept for its feathers only The rat and a Pteropus are the only 
indigenous Jand mammals The Indian crocodile 1s found as far 
east asthe Pelews There are five or six lizards, including a 
Gecho and Ablephorus Insects are numerous, but of few kinds 
Scorpions and centipedes are common, but are said to be harmless 

The houses in the Gilberts and Marshalls (much less elaborate 
than 1n the Carolines) consist mercly of a thatched roof resting on 
osts or on blocks of coral about 3 feet Ingh, with a floor at that 
evel, which 1s reached from an opening m the centie On this 
the principal people sleep and it serves as a storehouse in- 
accessible to rats, which infest all the islands 

The Maishall archi elago consists of two neatly parallel chains 
of atolls, from 100 to 300 imles apart the west known as Ralik, the 
east as Ratakh They he between 4°30 and 12° N, and between 
165° 15 and 172° 15 E and run about NNW and SSE 
They were discovered in 1529 by Saavedra, who, observing the fine 
tattooing of the inhabitants (the first allusion to the yractice in 
the Pacific), called them Los Pintados Among modern voy TS 
Wallis first visited them in 1767 Captains Marshall an Gil 
bert reached them in 1788, and hotzebue (1816) explored them 
more thoroughly Euch gioup contains fifteen or siateen atolls, 
which range from 2 to 50 miles in circumference An anomalous 
feature 1s reported on some of them, viz, that the greater pro 
portion of land, or at all events of soi], 1s not found as usual on the 
windward side of the lazoon, for the prevailing north east wind 
sweeps 1t 1s said, the materials of which the soil of such islands 1s 
composed across to the lec side Jaluit Island 1s the commercial 
emporium of the whole region There 1s a curious tradition on 
Ebon Island of the Du winian fact that the atoll once formed the 
barrier reef of an island now sunk beneath the lagoon The popula 
tion of Ratik 1s about 6000, of Ralik 4000, there 1s httle intercourse 
between the two groups 

The Gilbert archipelago, discovered by Byron in 1765, 1s 
geographically a south continuation of the Marshalls, the channel 
separating them being 560 lcagues wide It hes between 2° 40’ 
S and 3° 20 N, and between 172° 30 and 177° 15 E, and con 
tains sixteen atolls, not meluding two hilly islands, Banaba and 
Naw odo, which he 5° to 6° tothe west Several have good anchora, 
inside the lagoon, with entrances on the lee side On some the lee 
or west reef 13 wanting, owing to the vbrading force of the west 
storms During these large trees aie washed ashore, their roots 
containing pieces of fine basalt of which implements are made 
‘There 1s a far larger proportion of land to submerged reef and 
Iagoon than in the Marshalls, the land sometimes iising 20 feet 
ebove the sea, whereas in the Marshalls the average level of the 
1eet 10ck 1s less than a foot above the surface but though the 
supply of fresh water 1s exceptionally great, in fact enough for the 
luxury of a bath, the soil (especially :n the south) 1s very much less 
pioductixe Yet the population about 50,000, 1s exceptionally 
dense The usual scattered houses are replaced by compact rows 
of roofs which, shaded by cocoa pilm, and each with 1ts boat shed 
below, line the shore ‘Lheir numbers are uncheched either by the 
constant pa of abortion or by fighting, to which thev are 
much addicted, their weapons being more tormidable than those 
of their neighbouis ‘his exceptional vigour may be due to the 
decidedly hvbrid character of the race Hawanan missionaries, 
under Ametican superintendence, have laboured hee since 1857 


See also Findlay s Satitng Derecttons for the Nerth Pacyte Ropers Aorth 
Pacyic Pilot and Nautscal Magarine vols xxxi and xxxv_ Other authorities 
are Getland in Wattss Anthrogologte der \aturrdiker vol vy Meiniche Dre 
Inseln des Stullen Oceans Hales Ethnopazhy and Philology of Wailtess U 8 
Exploring Fxpedition Kotzet ue and Chamisto Enideckungaresse in dee Sudsee , 
Proc Zool Soc, 1872 and 1877 (C T) 
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MICROSCOPE 


HE microscope 1s an optical instrument for the ex- 
amination of minute objects or parts of objects, 
which enlarges the visual pictures formed upon the retina 
of the observer by the rays proceeding from them 
Microscopes are distinguished as semple or compound 
In the former, the rays which enter the eye of the observer 
come from an object brought near to it after refraction 
through either a single lens or a combination of lenses 
acting as a single lens,—its action as a “magnifier’ depend 
ing on 1ts enabling the eye to form a distinct image of the 
object at a much shorter distance than would otherwise be 
possible The latter consists of at least two lenses, so placed 
relatively to the object, to the eye, and to one another that 
an enlarged image of the object, formed by the lens placed 
nearest to 1t (the “object glass ), 1s looked at through the 
lens nearest the eye (the “eye glass ), which acts as a 
simple microscope i “magnifymg it, so that the com 
pound microscope may be desciibed as a simple microscope 
used to look at an enlarged image of the object, unstead 
of at the object itself 
History of the Semple Microscope —Any solid or liquid 
transparent medium of lenticular form having either one 
convex and one flat surface or two convex surfaces whose 
axes are comcident, may serve as a “magnifier, —-what 18 
essential being that it shall have the power of so refract 
ing the rays which pass through it as to cause widely 
diverging rays to become either yarallel or but slightly 
divergent Thus if a minute object be placed on a slip of 
glass, and a single drop of water be carefully placed upon 
it the drop will act as a magnifier m virtue of the con 
vexity of its upper surface so that when the eye 18 
brought sufficiently near 1t (the glass being of course held 
horizontally, so as not to distort the spherical curvature of 
the drop) the object will be seen much enlarged And if 
a small hole be made in a thin plate of metal, and a 
minute drop of water be inserted in it, this drop, having 
two comvex surfaces, will serve as a still more powerful 
magnifier There 13 reason to believe that the magnify 
ing power of transparent media with convex surfaces was 
very early known A convex lens of rock crystal was 
found by Layard among the rums of the palace of Nimrud 
And it 1s pretty certain that after the invention of glass, 
hollow spheres blown of that material and filled with 
water were commonly used as magnifiers (comp vol x1V 
p 577) The perfection of gem cutting shown mm ancient 
gems, especially in those of very minute size, could not 
have been attained without the use of such aids to the 
visual power, and there can be little doubt that the 
artificers who could execute these wonderful works could 
also shape and polish the magnifiers best suited for their 
own or others use Though it 1» mmpossible to say when 
convex Icnses of glass were first made by grinding, it is 
quite ccrtain that they were first generally used to assist 
ordinary vision as “spectacles, the use of which can be 
traced back nearly six centuries, and not only were 
spectacle makers the first to produce glass magmifiers (or 
simple microscopes), but by them also the telescope and the 
compound microscope were first mvented There seems 
no reason to believe, however, thit lenses of very high 
magnifying power (or short focus) were produced until 
a demand for them had been created by the introduction 
of the compound microscope, in which such lenses are 
required as “object glasses and the difficulty of working 
lenses of high curvature with the requisite accuracy led in 
the first instance to uhe employment of globules made by 
fusing the ends of threeds of spun glass It was in ths 


way that Robert Hooke shaped the minutest of the lenses 
with which he made many of the numerous discoveries 
recorded in his Mucrographia, and the same method was 
employed by the Italan mucroscopist Father Di Torre It 
seems to have been Leeuwenhoek that first succeeded in 
grinding and polishing lenses of such short focus and 
perfect figure as to render the simple microscope a better 
instrument for most purposes than any compound micro- 
scope then constructed,—its inferiority in magnifyimg power 
being more than counterbalanced by the superior clearness 
of the retinal picture And, im despair of any such modi 

fication in the compound form as should remove the optical 
defects which seemed inherent in its plan of construction, 
scientific opticians and microscopic observers alike gave 
thew chief attention for a considerable period to the 
improvement of the simple microscope In order that the 
nature of these improvements may be understood, the 
principle of its action must be first explamed 

The normal human eye has a considerable power of self 

adjustment, by which its focal length 1s so varied that 1t 
forms equally distinct pictures of objects brought within 
ordinary reading distance (say 10 inches) and of objects 
whose distance 1s many times that length,—the size of the 
visual picture of any object diminishing, however, with 
the increase 1n the distance to which 1t 1s removed, and the 
amount of detail distinguishable in 1t followmg the same 
proportion Thus a man who looks across the street at a 
placard posted on the opposite wall may very distinctly see 
its general form and the arrangement of 1ts heading, and may 
be able to read what 1s set forth in its largest type, whilst 
unable to separate the lines, still more to read the words, 
of what 1» set forth below But by crossing the street 
so as to bring his eye nearer the picture he finds himself 
able to read the smaller type as easily as he before read 
the larger,—the visual picture on his retina having been 
magnified, say 10 times in linear dimension, by the 
reduction of the gustance of his eye from 40 feet to 4 

Sumularly, if he he@s a page of excessively minute type at 
arm s length (say 40 inches) from his eye, he may be unable 
to read it, not because his eye does not form a distinct 
retinal picture of the page at that distance, but because 
the detail, of that picture are too minute for him to 
distinguish them But if he brings the page from 40 
inches to 10 inches distance, he may be able to read 1t 
without difficulty,—the retinal picture being enlarged four 
times linear (or sixteen times superficial) by this approxi 

mation Now the rays that enter the eye from each point 
of a remote object diverge so little as to be virtually 
parallel , but the divergence increases with the approxima 

tion of the object to the eye, and at 10 inches the angle 
of their divergence 1s as wide as permits the ordinary eye 
to bring them to a focus on the retina When the object 
1s approximated more closely, an automatic contraction of 
the pupil takes place, so that the most diverging rays of 
each pencil are cut off, and a distinct picture may be 
formed (though not without a feeling of strain) when the 
object 1s (say) from 5 to 8 inches distant,—giving still 
greater minuteness of visual detail in conformity with the 
increase of size A further magmfying power may be 
obtamed without the interposition of any lens, by looking 
at an object, at 2 or 3 inches distance, through a pin hole 
ma card, for by thus cutting off the more divergent 
rays of each pencil, so as to admit only those which can 
be made to converge to a focus on the retina at that 
distance, a distinct and detailed picture may be obtained, 
though at the expense of a great loss of light Moreover, 
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althou, an ordinary eye does not form a distinct picture 
of an object at less than from 10 to 6 ches distance, a 
“myopic ” or “short sighted” eye (whose greater refractive 
power enables it to brmg rays of wider divergence to a 
focus on the retina) may form an equally distinct picture 
of an object at from 5 to 3 inches distance, and, as the 
linear dimensions of that picture will be double that of the 
preceding, the object will be “magnified m that propor 
tion, and its details more clearly seen 

The effect of the interposition of a convex lens between 
the eye and an object nearly approximated to 1t primarily 
consists in its reduction im the divergence of the rays of 
the pencils which issue from its several points, so that 
they enter the eye at the moderate divergence which they 
would have if the object were at the ordinary nearest mit 
of distinct vision And, singe the shorter the focus of the 
lens the more closely may the object be approximated to 
the eye, the retinal picture is enlarged, causing the object 
to appear magnified in the same proportion Not only, 
however, are the component rays of each pencil brought 
from divergence into convergence, but the course of the 
pencils themselves 1s changed, so that they enter the eye 
under an angle corresponding to that under which the} 
would have arnved from a larger object situated at a 
greater distance , and thus, as the picture formed upon the 
retina by the small object ab, fig 1, corresponds im all 





Fic 1 —Action of Sim} le Microscoy e 


respects with that which would have been made by the 
same object AB of several times 1ts limear dimension 
viewed at the nearest ordimary hmit of distinct vision, the 
object 1s seen (by the formation of a “virtual mage ) on 
a magnified scalc 

It 1s obvious that the “magnifying power of any 
conver lens so used 1s measured by the ratio between the 
dimensions of the retinal picture formed with its assistance 
and those of the } icture formed by the unaided eye Thus, 
if by the use of a convex lens having 1 inch focal length 
we can form a distinct retinal image of an object at only 
an inch distance, this image will have tun times the 
linear dimensions of that formed by the same object at a 
distance of 10 inches, but will be only eizht times as large 
as the picture formed when the object can be seen by 
ordinary vision at & inches distance, and only fou times 
as large as the picture of the same olject formed by a 
myopic eye at a distance of 4 inches It 1s usual to 
estimate the magnifying power of single lenses (or of com 
binations that are used as such) by the number of times that 
their focal length 1s contained in 10 inches,—that of 1 inch 
focus being thus taken as ten tamcs thit of ,'; inch as 
one hundred tames, and soon But the rulc 1s obviously 
arbitrary, as the actual magnifyinz power viries in each 
individual with the nearest nut of distinct vision Thu 
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power of every single convex Icns, however, 15 impaired (1) 


by that inability to bring to the same focus the rays which 
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fal( upon the central and the marginal parts of its surface 
which 1s called “sphencal aberration,” and (2) by that 
dispersion of the rays of different wave lengths, in virtue 
of their different refrangibilities, which produces coloured 
fringes a1ound the points and lines of the visual picture, 
and 18 therefore called “chromatic aberration” (see Licut) 
These aberrations mcrease with the “angle of aperture” 
given to the lens, that 1s, with the proportion between the 
diameter of its actual “opening” and the focal distance of 
the object, and thus, when a single lens of very short 
focus 1s used 1n order to gam a high magmifying power, 
such a reduction of 1ts aperture by a perforated diaphragm 
or “stop ’ becomes necessary (in order, by excluding 
the peripheral rays, to obtain tolerable “definition” 
with freedom from false colour) that the amount of 
hight admitted to the eye 1s so small as only to allow the 
most transparent objects to be thus viewed, and these 
only very imperfectly In order to remedy this draw 
back, 1t was proposed by Sir D Brewster to use imstead 
of glass, m the construction of sumple microscopes, such 
transparent minerals as have high refractive with low 
dispersive power, 12 which case the same optical effect 
could be obtained with lenses of much lower curvature, 
and the aperture might be proportionately enlarged This 
combination of qualities 1» found in the diamond, whose 
index of refraction bears such a proportion to that of glass 
that a diamond lens having a radius of curvature of 8 would 
give the same magnifying power as a glass lens whose radius 
of curvature is 3, while the ‘ longitudinal aberration ’ 
(or distance between the foci of central and of marginal 
rays) would be ima diamond lens only one ninth of that 
of a glass lens having the same j ower and aperture Put 
ting aside, however, the costliness of the material and the 
difficulty of working it a source of imperfection arises from 
a frequent want of homogeneousncss in the diamond crystal, 
which has proved sufhcient to make a lens worked from it 
ive a double or even a triple image Similar attemy ts 
made by Mr Pritchard with sapphire proved more successful, 
and, as a sapphire lens having a radius of curvature of 5 
has the same focus and gives the same magnifyimg power 
as a crown glass lens having a radius of 3, 1t was found to 
bear a much larger aperture without serious impairment 
by either spherical or chromatic aberration As the 
sapphire, however, possesses the property of double refrac 
tion, the duplication of the marking» of the object in their 
retinal image constitutes a very serious drawback to the 
utility of lenses constructed of this mineral for, though 
the double refraction may be reduced almost to nothinz 
by turning the convex side of the lens towards the olject, 
yet, as this 1s the worst position in regard to spherical 
aberration, more is lost than 1» gained Fortunately, 
however, for biological mvesti_ators working with simple 
microscopes, the introduction of the Wollaston doublet 
superseded the necessity of any further attempts at turning 
costly jewels to account as high power magnifers 
Hollaston Doublet —This consists of a combination of 
two plano convex lenses, whose focal lent ths (as directed by 
Dr Wollaston) should be as 3 to 1, with their plane sides 
turned towards the object,—the smaller lens bemg placed 
lowest, and the upper lens at a distance of one and a half 
times its focal lenzth above 1t This construction, how 
ever, has been subsequently 1mproved—(1) by the intruduc- 
tion of a perforated diaphragm between the! nses (2) by 
a more effective adjustment of the distane between the 
two lenses, which seems to be most satisfactory when 1t 
equals the difference of thei respective focal lengths, 
allowance being made for their thickness and (3) by the 
division of the power of the lower lens (when a shorter 
focus than y, inch 1 required) mto two, so as to form 
a “triplet? When combinations of this hind are well 
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constructed, spherical aberrauon is almost wholly got nd 
of, and chromatic dispersion 1s so slight that the angle of 
aperture may be considerably enlarged without much 
sacrifice of distinctness Such “doublets” and “ triplets,” 
having been brought into use in England while the com- 
pound microscope still retained its origmal imperfections, 
proved very serviceable to such as were at that time 
prosecuting minute biological mvestigations for example, 
the admirable researches of Dr Sharpey on cihary action 
in animals (1§30-35) and Mr Henry Slack’s beautiful 
dissections of the elementary tissues of plants, as well as 
his excellent observations on vegetable cyclosis (1831), 
were made by their means No one, however, would now 
use Wollaston “doublets” or “triplets” of high power in 
place of a compound achromatic microscope , and for the 
simple microscopes of low power that are useful either for 
dissecting or for pickmg out minute specimens (such as 
diatoms) other constructions are preferable, as giving a 
larger field and more light As a hand magnifier the 
‘Coddington’ lens—which 15 a sphere of glass with a 
deep groove ground out of its equatorial portion—has 
many advantages! By making this groove sufhbciently 
deep, both spherical and chromatic aberrations can be 
rendered almost insensible , and, as the rays falling on any 
part of the spherical surface can only pass to the eye either 
throu. o1 nea: the centre, the action of every part of that 
surface 13 the same, so that the image of the object will be 
equally distinct (when properly focussed) whether its parts 
lie nearer to the axis of the sphere or more remote from 1t, 
or the axis be itself turned to one side or the other Again, 
it was mathematicall} shown by Sur John Herschel in 1821 
that by the combination of a meniscus with a double con 
vex lens—the four surfaces of these lenses having certain 
proportionate curvatures—spher.cal aberration could be 
entirely extinguished for rays parallel to the axis, the 
combination being thus an “aplanatic” doublet, while 
another combination, which he termed a “periscopic” 


doublet, gives a remarkable range ot oblique vision with . 


low powers, and almost entirely extinguishes chromatic 
aberration, although at the expense of residual spherical 
aberration These combinations have been mounted both 
as hand maznifiers and a» single microscopes, for both 
which purposes they aic much superior to single lenses of 
the same ma_mfying power But such combinations have 
been greatly improved by the introduction of concaves of 
fmt glass, so as to 1ender them achromatic as well as 
aplanatic and nothing, according to the writer’s experi 
ence, can now be used with greater advantage for all the 
purposcs answered either by the simple microscope or 
the hand magnifier than Browning s ‘ platyscopic’ lenses 
or the “achiomatic doublets” of Stemheil of Munich 
Each of these combmations gives a large flat ficid, with 
plenty of light, admirable definition, and frecdom from 
false colour 


At the period when ‘ doublets” of very short focus were used in 
erde: too tan Ingh maznifving powcr, 1t was 1cquisite to mount 
these cn such a stan] as would enable the focal qinactmcat to be 
male anl would almit the use of a special luminatin, apy aratus 
with wiet exauncss Jout now that comparatively low powers 
only atc empl ved the cr lmary rack and prion movement 1s quite 
sufhacntfithaf daly stment, and nothing morc 1s required 





Tt is dificult to un lustuid how the name of Coddington came to 
be attached to the gr ove] st re, seemg that he neither was nor 
(larmel to be the mvent» of it D1 Wollastons first “doublet 
consisted of + pair of plano convex lenses with their ylane surfares 
opposed to each cther, and a diapnragm with central aperture placed 
between them Sir D Brewster showed thit this construction 15 most 


MICROSCOPE 


for the rllummation of the object than a concave mirror beneath 
the stage when it 18 transparent, and a condensing Jens above when 
1t 1s opaque The various patterns of simple microscope now made 
by different makers vary 1 their construction, chiefly m regard to 
portability, the size of their stages, and the mode in which “rests” 
or supports to the hands are provided These, n Continental in- 
struments, are very commonly attached to the stage, but, unless 
the stage itself and the pillar to which it 1s fixed are extremely 
massive, the 1esting of the hands on the dd aa 13 apt to depress. 
the stage in a degree that affects the focal adjustment , and where 
portability is not an object 1t seems better that the hand supports 
should be independent of the stage Fon a laboratory microscope, 


the pattern represented in fg 2 has been found very convemient,— 
the tramework bemg of mahogany or other hard wood, the stage 





Fie 2 —Laboratory Dissecting Microscope 


being large enough to admit a dissection or carry a water trough 
of considerable siz, and the bent arm that carries the “powers ’ 
bein, made capable of reversion, so as to permit the use of lenses 
of very long as wcll as of very short focus As 1t1s desnable that 
the stage should not be acted on chemically by sea water, acids, or 
otha: reagents, it may be made either of a square of plate glass or of 
a} late of ebonite with an aperture in the middle, and either of 
these may be made to slide in grooves in the side supports, so that 
one may be substituted for the othe: The arm may be easily 
made (if desired) to carry the body of a compound microscope so 
as to apply it to the examination of objects dissected or otherwise 
prepared under the simple microscope, without transfcrming them 
te another instiument =A portable form of sim} le microscope 18 
shown in fig 30 

Compound Microscope —The placing of two conve lenses 
m such relative positions that one should magmfy an 
enlarged image of a small near object formed by the other 
naturally soon followed the invention of the telescope, and 
seems to have first occured to Hans Zansz or his son 
Zacharias Zansz, spectacle makers at Middelburg in Hol- 
land, about 1590 One of their compound microscopes, 
which they presented to Prince Maurice, was in the year 
1617 in the possession of Cornelius Drebell of Alkmaar, 
who then resided 1a London as mathematician to king 
James I In order to make clear the successive stages by 
which the rude and imperfect microscope of that penod 
has, after remaining for two centuries unimproved in any 
essential particular, been developed within the last half- 
century mto one of the most important instruments of 
scientific research that the combmation of theoretical 
acumen and manipulative skill has ever produced, it 18 
necessary to explain the principle of ats construction, and 
to show wherein lay the imperfection of 1ts earlier form. 

In its simplest construction, as already stated, the 
compound microscope consists of only two lenses,—the 
“object glass” CD, fig 3, which reccives the hght rays direct 
from the object AB placed near it, and forms an enlarged 
but reversed image A B’ at a greater distance on the other 


advantage 1s when the two lenses are hemispheres, and the central | side, and the “eye glass” LM, which receives the rays that 


aperture between their two plane surfaces 15 filled up Ly a transprrent 
cement having the same refractive indea us glass And trom ths the 
transition 1s obvious to the grooved sphere, which had been made for 
Sir D Brewster long befure the high commendation 1t received from 


Mr Coddington brought it ito general repute 


diverge from the several points of this image as if they 
proceeded from the points of an actual object occupying 
the position and enlarged to the dimensions A’B’, and 
brings these to the eye at E, so altermg theur course as to 
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act as a simple microscope in magnifying that image to the 
observer It was early found useful, however, to interpose 
another lens FF, fig 4 (the “field glass”), between the 
object glass and the 1mage formed by 11, for the purpose 
of giving such a slight convergence to the pencil of rays as 
shall reduce the dimensions of the image, and thus allow 
a larger part of 1t to come within the range of the eye 





Fic 4 —Diagram of Complete 
Compound Microscope 


Fie 3 —Duagram of Simplest 
Form of Compound Micro- 
scope 


gliss, so that more of the object can be seen at once 
And it was soon perceived that the eyeglass and the 
field glass might be advantageously combined into an 
“eye piece,’ in which a perforated diaphragm might be 
inserted at the focal plane of the image (2 ¢ , in the focus of 
the eye glass), so as, by cutting off the peripheral portion 
of the field of view, to limit it to what can be seen with 
tolerable distinctness 

It is obvious that the magnifying power of such an 
mmstrument would depend (1) on the proportion between 
the size of the image formed at BB and that of the 
actual object, and (2) upon the magnifying power of the 
eye glass And further the proportion which the size of 
the image bears to that of the object depends upon two 
factors,—({1) the focal length of the object glass, and 
(2) the distance between the object glass and the plane 
BB occupied by the image it forms If we diminish 
the focal length of the object glass, the object must be 
brought nearer to it, so that, while the distance of the 
image on the other side remains unchanged, that distance 
comes to bear a larger proportion to the distance of the 
object, and the size of the image 1s augmented im a cor 
responding ratio On the other hand, the object glass 
remaining unchanged, the distance at which it forms the 
image of the object can be increased by a lengthening of the 
tube of the microscope , and, as this involves a shortening 
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of the distance between the object-glass and the object, the 
proportion which the former bears to the latter 1s augmented, 
and the image 1s correspondingly enlarged Thus an 
increase in the magnifying power of the compound micro- 
scope may be gained in three modes, which may be used 
either separately or in double or triple combin ition,—viz , 
(1) shortening the focus of the object glass, (2, lengthenmg 
the tube of the microscope, and (3) increasing the magnify 
ing power of the eye glass by shortening its focus This, 
1t may be remarked, also lengthens the distance of the 
image from the object glass, by bringing the focal plane 
BB nearer the eye glass The second of these methods 
was not unfrequently used 1n the older microscopes, which 
were sometimes made to draw out like telescopes, so as to 
increase the amplifying power of their object-glasses But, 
whilst very mconvenient to the observer, such a lengthen 
ing of the one distance mvolved such a shortening of the 
other as greatly umpaired the distinctness of the image by 
increasing the aberrations of the object-glass, so that this 
method came to be generally abandoned for one of the other 
two 

When lenses of from 1 to 4 inches focus were used as 
object glasses, and their apertures were restricted by a stop 
to the central part of each, tolerably distinct umages were 
given of the larger structural arrangements of such objects as 
sections of wood or the more trans arent wings of insects,— 
which images would bear a further moderate enlargement 
by the eye glass without any serious deterioration either by 
want of definition or the mtroduction of colour fringes 
But when lenses of less than 1 inch focus were employed 
in order to obtain a higher magnifying power, the greater 
obliquity of the rays so greatly mcreased their aberrations 
that defective defimtion and the introduction of false 
colours went far to nullify any advantage obtaimable from 
the higher amplification, while the limitation of the 
aperture required to heep these aberrations within even 
moderate limits occasioned such a loss of light as most 
seriously to detract from the value of the picture On the 
other hand, the use of deeper eye pieces to enlarge the 
umages formed by the object glasses not only brought out 
more strongly all the defects of those images, but troduced 
a new set of errors of their own, so that very little was 
gained by that mode of amplification Hence many of the 
best of the older microscopists (notably LEecwENHOEK, 
gv) made some of their most valuable discoveries by the 
use of the simple microscope , and the amount of excellent 
work thus done surprises every one who studies the history 
of microscopic inquiry This was still more the case, as 
already stated, when the use of single lenses of very short 
focus was superseded by the introduction of the Wollaston 
doublet And the substitution of these doublets for the 
single lenses of object glasses, while the single lens of the 
eye glass was replaced by a Herschels aplanatic doublet, 
and the field glass was a convex lens whose two curves had 
the proportion of 1 6 (the form of least sphencal aberra- 
tion), constituted the greatest improvement of which the 
instrument seemed capable in pre-achromatic times } 

It has been only within the last sixty years (1820-30) 
that the microscope has undergone the important improve- 
ment which had been worked out by Dollond m the 
refracting telescope more than sixty years previously,— 
namely, the correction of the chromatic aberration of its 
objectives by the combination of concave lense» of flint 





1This combination was made in the first microscope of which the 
writer became possessed, about the year 1830 and he well recollects 
the great superionity to any cor pound microscope of the old coustruc- 
tion which was proved by its power of separating the hnes on the 
Menelaus scale, and of bringing into view the details of the structure of 
animalcules, with a clearness that only an achromatized object glaas 
could surpass 
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lass with convex lenses of crown, while their spherical 
aberration 1s corrected by the combination (as in Herschel’s 
aplanatic doublet) of convex and concave surfaces of 
different curvatures The minute size and high curvature 
of the lenses required as microscopic objectives were long 
considered as altogether precluding the possibility of success 
in the production of such combinations, more especially 
as the conditions they would have to meet differ altogether 
from those under which telescopic object glasses are 
employed For the rays from distant objects fall upon the 
latter with virtual parallelism , and the higher the power 
required the longer 1s the focus given to them, and the 
smaller 1s the deflexion of the rays In the microscope, on 
the other hand, the object 1s so closely approximated to the 
obj.ctive that the rays which proceed to it from the latter 
have always a very considerable divergence, and the 
deflexion to which they are subjected increases with that 
reduction of the focal length of the objective which is 
the necessary condition of the increase of its magnifying 
power And thus, although the telescopic “triplet ’ 
worked out by Dollond (consisting of a double concave of 
flint glass, interposed between two double-convex lenses of 
crown) can be so constructed as to be not only completely 
aplanatic (or free from spherical aberration) but almost 
completely achromatic (or free from chromatic aberration), 
this construction 1s only suitable for microscopic objectives 
of long focus and small angular aperture, the rays falling 
on which have but a very moderate divergence And 
though, as will presently appear, some of the early attempts 
c che achromatization of the microscope were made in 
this direction, 1t was soon abandoned for other plans of 
construction, which were found to be alike theoretically 
and practically superior 

It seems to have been by Professor Amici, then of 
Modena, about 1812, that the first attempts were made at 
the achromatization ot microscopic objectives, but, these 
attempts not proving successful, he turned his attention to 
the production of a reflectins microscope, which was a 
decided improvement upon the non achromatized compound 
microscopes then in use In the year 1820, however, the 
subject was taken up by Selligues and Chevalier of Paris, 
who adopted the plan of superposing three or four com 
binations, each consisting of a double-convex of crown 
cemented to a plano concave of flint The back combina 
tion (that nearest to the eye) was of somewhat lower power 
than those placed in front of it, but these last were all of 
the same focus, and no attempt was made by these opticians 
to vary the construction of the several pairs thus united, 
so as to make them correct each others’ aberrations 
Hence, although a considerable magnifying power could 
be thus obtained, with an almost complete extinction of 
chromatic aberration, the aperture of these objectives 
could not be greatly widened without the impairment of 
the distinctness of the image by a “coma” proceeding 
from uncorrected spherical aberration 

In ignorance, 1t would appear, of what was being done 
by the Paris opticians, and at the instigation of Dr Gonng 
(a scientific amatcur), Mr Tulley—well known in London 
as an able constructor of telescopic objectives—began, 
about the year 1824, to work object glasses for the micro 
scope on the telescopic plan After many tmals} he 
succeeded, in 1825, in producing a triplet of ,% inch focus, 
admitting a pencil of 18°, which was so well corrected as 
to perform very satisfactorily with an eye picce giving a 
magnifying power of 120 diameters He afterwards made 
a sunilar triplet of shorter focus, which, when placed in 


Sen 

1It 1s due to Mr Joseph J Lister to mention that Pulley s final 
success with this low power seems to have been attaine] by working 
on 8 suggestion given him by that gentleman. See Monthly Micro- 
scopical Journal, vol. 1. (1870), p 184 
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front of the previous one, increased the angle of the trans- 
mitted pencil to 38°, and bore an eyepiece giving a 
magnifying power of 300 diameters These triplets are 
said by Mr Ross to have never been exceeded by any similar 
combinations for accurate correction th.oughout the field 

Having come into possession, at the end of 1826, of 
an objective of Chevalier’s construction, Mr J J Lister 
carefully examined its properties, and compared them with 
those of Tulley’s triplets, and this comparison having led 
him to institute further experiments he obtained results 
which were at first so conflicting that they must have 
proved utterly bewildermg toa less acute mind,” but which 
finally led him to the enunciation of the principle on which 
all the best microscopic objectives are now constructed 
Tor he discovered that the performance of such com- 
posite objectives greatly depends upon the relative position 
of their component combinations,—the effect of the flint 
plano-concave upon the spherical aberration produced by 
the double convex of crown varying remarkably according 
to the distance of the luminous point from the front of the 
objective If the radiant 1s at a considerable distance, the 
rays proceeding from it have their spherical error under- 
corrected , but, as the source of hight 1s brought nearer to 
the glass, the flint lens produces greater proportionate 
effect, and the under correction diminishes, until at length 
a point 1s reached where it disappears entirely, the rays 
being all brouzht to one point at the conjugate focus of 
the lens This, then, 1s one aplanatic focuy _If, however, 
the lumimous point 1s biought still nearer to the glass, the 
influence of the flint continues for a time to increase, and 
the opposite condition of over-correction shows itself But, 
on still further approximation of the radiant, the flint 
comes to operate with less effect, the excess of correction 
diminishes and at a point still nearer to the glass vanishes, 
and a second aplanatic focus appears From this point 
onwards under-correction takes the place of over correction, 
and increases till the object touches the surface of the 
glass As every such doublet, therefore, has two aplanatic 
foci for all points between which 1t 1s over corrected, while 
for all points beyond it 1» under corrected, the optician 1s 
enabled to combine two or more doublets with perfect 

‘curity against spherical error This will be entirely 
avoided if the rays be received by the front glass from its 
shorter aplanatic focus, and transmitted through the back 
glass in the direction of its longer aplanatic penul By 
the approximation of the two doublets over correction wil 
be reduced, while their separation will produce under cor 
rection, and thus, by merely varying the distance between 
two such combinations, the correction of the spherical 
error may be either increased or diminished according to a 
definite rule Shght defects m one glass may thus be 
remedied by simply altering its position in relation to the 
other,—an altcration which may be made with very little 
disturbance of the colourcorrection This important 
principle was developed and illustrated by Mr Lister in 
memorr read to the Royal Society on January 21, 1830, 
On some Properties in Achromatu Object glasses, applicable 
to the Improvement of the Mucroscope , and it was by work 
ing on the lines there laid down that the three London 
opticians Ross,? Powell, and James Smith soon pro- 

*Thus he found that, while each of Chevaliers doublet combina 
tions, when used singly, presented a “bur or “coma ’ outwards, 
this coma, instead of being exaggerated by the combination of two of 
these doublets, was much diminished On the other hand, while 
two of Tulley’s tmplets, each ot which performed admirably by 
itself, were used together, the images of all objects not in the centre 
presented a strong bur inwards with an under correction of colour 

3 In 1837 Mr Lister gave Mr Ross a projection for an objective of 
4 inch focus, in which a triple front was combined with two doublets 
The great superiority of this lena, adnurably execute by Mr Ross, caused 
him to adopt 1ts plan as the standard one for high powers, and it 18 still 
In general use,—the back lens also being sorratimes made as a triplet. 
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duced microscopic objectives that surpassed any then con- 
structed on the Contment, while the subsequent adoption 
of the same principles by French and German opticians, 
as also by Professor Amici of Florence, soon raised their 
objectives to a corresponding level 

Tt has proved more advantageous mm practice to 
make the several components of an achromatic objective 
correct each others’ aberrations than to attempt to render 
each perfect in itself, and the mode in which this 1s 
accomplished will vary with the focus and angular aperture 
given toeachcombination Thus, whilea single “telescopic 
triplet” answers very well for the lowest power usually 
made (4 inches focus), and the same plan may be used— 
though at the sacrifice of angular aperture—for objectives 
of 3 inches, 2 inches, and even 1 inch focus, the best per 
formance of these powers requires the combination of two 
doublets And, while this Mst system also serves for 
objectives of # inch and 4 inch of low angle, a third com 
ponent is required for giving to these objectives the 
aperture that renders them most serviceable, as well as for 
all higher powers Instead of combining three achromatic 
doublets, however, many makers prefer placing in front a 
plano-convex of crown, and adding a third lens of crown to 
the doublet at the back, still using a doublet in the middle,— 
the whole combination thus consisting of six lenses, four 
of crown and two of flint Further, Mr Wenham has 
shown that the whole colour correction may be effected in 
the middle by mterposing a double concave of dense flint 
between two double convex lenses of crown,—the back lens, 
as well as the front, bemg then a plano-convex of crown, 
making five lensesin all This plan of construction, though 
suitable to objectives of moderate angular aperture, and 
advantageous in regard to comparative simplicity and 
economy of construction, does not seem so well adapted for 
objectives to which the largest attainable aperture is to be 
given,—these being usually constructed with a triplet in 
front, a doublet in the middle, and a triplet at the back, so 
as to consist of eight separate lenses And the first-class 
constiuctors of achromatic objectives in the United States 
usually place in front of these, in their highest powers, a 
single plano-convex of crown, by the addition of which a 
greater working distance can be obtained But, as every 
such addition increases the lability to error from imper 
fections in the centring and grinding of the lenses (as 
well as loss of light by the partial reflexion of oblique 
rays from their surfaces), 1t 1s obvious that the most exact 
workmanship, involving a proportionate costliness, 1s 
required to bring out the full effect of such complex con 
struction And where angular aperture 1s regarded as the 
quality of primary importance it will be usually found 
preferable to have recourse to objectives constructed on 
either the “water” or the “oil” immersion system, to be 
presently described. 

The great increase thus attained in the perfection 
of the corrections of microscopic objectives for both 
spherical and chromatic aberration of course rendered 
it possible to make a correspondmg increase in their 
angular aperture The minute scales of the wings of 
butterflies and other msects were naturally among the 
objects much examined , and 1t was soon perceived that 
certain lines and other markings became clearly discermble 
on these scales with objectives of what was then considered 
large angle which were utterly undistinguishable with 
non-achromatized microscopes (however high their magnify 
ing power), and very umperfectly shown under achromatic 
objectives of small angle Hence these scales came to be 
used as “ test-objects,” for judging of the “ definition ” and 
“resolving power” of microscopic objectives,—the former 
property consisting in the clearness, sharpness, and freedom 
from false colour of the microscopic images of boundary 
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lines, and depending on the accuracy with which the aber 
rations are corrected, while the latter term designates that 
power of separating very closely approximated markings 
which 1s now known to be 4 
“function” of aperture The 
insect-scales formerly most valued ji RatHinGn 
for these purposes were those of /VBRNiliE 
the Morpho menelaus (fig 5) and 
the similarly lined scales of the 
Polyommatus argus (azure blue), 
the “battledoor” scales of the 
same butterfly (fig 6), the mbbed | 
scales of the Leprsma saccharina 
(sugar louse), and the minute and 
peculiarly marked scales of the 
Lepdocyrtus curviolls (fig 7), 
commonly known as the Podura 
The wniter recollects the time 
when the satisfactory ‘“resolu- 
tion” of the first three of these 
tests was considered a sufficient 
proof of the goodness of even Fic 5 —Scale of Morpho 
high power objectives, and when menelaus 
the Podura markings, if visible at all, could only be dis- 
tinguished as strie The further opening out of the 
aperture, however, enabled these striz = ue 
to be resolved into rows of “exclama /f] 
tion marks’ , and, while there is still 972 
some uncertainty as to the precise 
structure of which these markings are |} 
the optical eapression, practical op- 
ticlans are generally agreed that the 
Podura scale 1s very useful as a test 
for definition, with even the highest 
objectives, though it only serves as & 
test for a very moderate degree of re 
solving power For the latter purpose 
it has been completely superseded by 
the closely approximated markings of 
the silicified envelopes of certain p,, g — Battledoor 
diatoms (which, however, show them Scale of Polyomma- 
selves in very different aspects accord us angus 
ing to the conditions under which they are viewed, figs 
8-11), and also by lines artificially ruled on glass, as in 
Nobert s “test plate,’ the number 
of lines in the nimeteen bands of 
which is stated by M Nobert £33 
to range from 1000 to 10,000 ge 
to a Paris line, while Dr Royston fa 
Pigott gives the numbers in an 
English inch as 11,529 to the inch 
in the first band, and 112,595 
in the nineteenth This last 
dimension (as will afterwards 
appear) approaches the minimum 
distance at which such markings 
aie theoretically separable by any 
magnifying power of the micro 
scope 

The enlargement of the angle 
of aperture of mucroscopic ob- 
Jectives and the greater complete- 
ness of their corrections, which : 
were obtained in the first im Fic 7 —Test Scales of Podura 
stance by the adoption of Mr (Lpudocyrtus cura Nis), 
Lister's principles, and were de wale, B, saall sealé, more 
monstrated by the resolution of faintly marked 
the test-objects then mm use, soon rendered sensible an 
unperfection m their performance under certain circum- 
stances, which had previously passed unnoticed, and the 











264 


important discovery was made by Mr Andrew Ross that 
a very decided difference exists in the precision of the 
image aceording as the object 1s viewed with or without 
a covering of thin glass, as also according as this cover 18 
thin or thick! As this difference increases in proportion 
to the widening of the aperture, 1t would obviously be a 
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Fig 10 Fig 1] 


Portions of Siliceous Valve of Pleurosugma angulatum from a Photo 
graph taken by Central Illumination Magnified 2000 diameters 


source of great error and embarrassment 1f a means could 
not be found for its rectification Its optical source, how 
ever, having been found by Mr Ross to he m the 
“negative aberration” which 1s produced in the rays 
proceeding from the object to the front glass of the objec 
tive by the interposition of the plane glass cover, and 
which mereases with its thickness, his practical ability 
enabled him at the same time to indicate the remedy, 
which consists in under correcting the front lens and over 
correcting the two pos 
terior combinations, and 
in making the distance 
between the former and 
the latter capable of 
adjustment by means of 
a screw-collar, as shown 
in fig 12 For when 
the front pair 1s approxi 5 
mated most nearly to the 
next, and its distance 
from the object is 1n- 
creased, its excess of 
positive aberration 1s 
more strongly exerted 
upon the other two pairs 
than it 1s m the con Fie 12 —Section of Adjusting Achromatic 
trary conditions, and Obyect-Glass A uncovered, B, covered 
thus neutralizes the negative aberration produced by the 
interposition of the covering glass This correction 18 not 
needed for objectives of low or medium power and small 
angle of aperture , but it should always be provided when 
the angle exceeds 50°,—unless (as 1s now generally done 











1 Trans Soc of Arta, vol. h 
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in the case of objectives constructed for students’ use) 
the maker adjusts them onmginally, not for uncovered 
objects, but for objects covered with glass of a standard 
thickness, say 0005 or 0004 inch A departure from 
that standard to the extent of one or two thousandths of 
an inch in either direction, though extremely mjurious 
to the performance of objectives whose aperture 1s 125° or 
more, scarcely makes itself perceptible in those of 90° or 
100° And the same may be said im regard to the 
immersion objectives next to be descmbed, which are 
pecuharly suitable to the purposes of mmute histological 
research 

Immerswon System —It was long since pointed out by 
Professor Amici that the introduction of a drop of water 
between the front surface of the objective and either the 
object itself or its covering glass would diminish the loss 
of light resulting from the ‘passage of the rays from the 
object or 1ts covering glass into air, and from air into the 
front glass of the objective It was obvious to him, more- 
over, that when the rays enter the object-glass from water, 
instead of from air, both its refractive and its dispersive 
action will be so greatly changed as to need an important 
constructive modification to meet the new condition This 
modification seems never to have been successfully effected 
by Amici himself, but his idea was taken up by the two 
eminent Paris opticians, MM Hartnack and Nachet, who 
showed that the application of what 1s now known as the 
“immersion system to objectives of short focus and large 
angular aperture 1s attended, not merely with the advan 
tages expected by Professor Amici, but with others on which 
he did notreckon As the loss of light by the reflexion of 
a portion of the meident rays mcreases with the obliquity 
of their incidence, and as the proportional loss 1s far smaller 
when the oblique rays pass into glass from water than 
when they enter it from air, the advantage of mcreas 
ing the angular aperture is more fully expenenced 
with “immersion” than with “dry ’ objectives,—just as 
Professor Amici anticipated But, further, the ummer- 
sion system allows of a greater working distance between 
the objective and the object than can be attained with a 
dry or air objective having the same angular aperture, 
and this increase affords not only a greater freedom of 
manipulation, but also a greater range of “ penetration ” 
or “focal depth” Further, the observer 1s rendered so 
much less dependent upon the exactness of his cover 
correction that 1t 1s found that water immersion objectives 
of high power and considerable angular aperture, extremely 
well adapted for the ordinary purposes of scientific inves- 
tigation, can be constructed without it,—a small departure 
from the standard thickness of covering glass to which such 
objectives are adjusted by the maker having scarcely any 
effect upon the distinctness of the image It 1s now the 
practice of several makers to supply two fronts to objectives 
of +4; or +35 inch focus, one of them fitting the objective for 
use “dry” (that 1s, n air), whilst the substitution of the 
other converts 1t into a water immersion objective And 
in the objectives constructed on Mr Wenham’s system no 
change in the front glass is needed, all that 1s necessary for 
making them work as immersion lenses being a yet closer 
approxumation of the front lens to the second combination, 
which can be made by the screw collar 

Within the last few years, however, the immersion 
system has undergone a still further and most important 
development, by the adoption of a method onginally 
suggested by Mr Wenham (though never carned out by 
him), and independently suggested by Mr Stephenson to 
Professor Abbe of Jena, under whose direction 1t was first 
worked out by Zeiss (the very able optician of Jena), who 
has been followed by Powell and Lealand of London, as 
well as by several other constructors of achromatic objec- 
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tives both m England and elsewhere, with complete 
success This method consists in the replacement of the 
water previously interposed between the covering glass and 
the front glass of the objective by a liquid having the same 
refractive and dispersive powers as crown glass, so that the 
rays issuing at any angle from the upper plane surface of 
the covering glass shall enter the plane front of the objec 

tive, without any deflexion from their straight course, and 
without any sensible loss by reflexion,—even the most 
oblique rays that proceed from the object keeping thew 
direction unchanged until they meet the back or convex 
surface of the front lens of the objective It 1s obvious 
that all the advantages derivable from the system of water 

immersion will be still more thoroughly attamed by this 
system of “ homogeneous ’ immersion, provided that a fluid 
can be obtained which meets,its requirements After a 
long course of experiments, Professor Abbe found that oul 
of cedar wood so nearly corresponds with crown glass, alike 
in refractive and in dispersive power, as to serve the 
purpose extremely well, except when it 18 desired to take 
special advantage of the most divergent or marginal rays, 
oil of fennel being then preferah § There are, however, 
strong objections to the use of these essential ois in the 
ordinary work of research , and it seems not unlikely that 
a solution of some one or more sale substances will be 
found more suitable In addition to the benefit conferred 
by the waterimmersion system, and more completely 
attained with the homogeneous, it may be specially pointed 
out that, as no correction for the thickness of the covering 

glass is here required, the mucroscopist can feel assured 
that he has such a view of his object as only the most per 

fect correction of an air objective can afford This 1s a 
matter of no small importance, for while, in looking at a 
known object, the practised microscopist can so adjust his 
air objective to the thickress of its covering glass as to 
bring out its best performance, he cannot be sure, mn regard 
to an unknown object, what appearances 1t ought to pre 
sent, and may be led by umperfect cover correction to an 
erroneous conception of its structure 


It has becn recently aigued that as the slightest variation mm the 
refracuive index of eithe: the ummersion fluid or the covering glass 
a change of eye z1eces or the least alteration m the length of the 
body—ina worl any cucumstances differing in the slightest degree 
from those un ler which the objective was corrected—must affect 
the performance of homogeneous 1mmersion objectives of the highest 
class they shoull still be made adjustable The truth of this 
contention can no doubt be proves not only theoretically but 
practically —the intro luction of the adjustment enabling an experi 
enced manipulator to attain the highest degree of perfection in the 
exhibition of many mounted objects which cannot be so well shown 
with objectives in fixcl settings But 1t may well be questioned 
whether it 1s likely to do the same service in the hands of an ord 
nary working histologist an 1 whether the scientific investigator will 
not find 1t preferable when using these objectives to acceptw..at their 
maker has fixed as then pomt of best performance e principal 
source of error in his amnlormit of them lies in the thickness of the 
optical section of the object for the rays proceeding fiom 1ts deeper 
plane having to pass through a medium intervening between that 

lane and the cover glass whose reftactive and dispersive indices 

ffer from those of the glass and immersion fluid, cannot be 
brought to so accurate a focus as those proceeding fiom the plane 
immediately beneath the cover glass The remedy fo. this how 
ever secms to hie rather im making the preparation as thin as 
possible than in the introduction of what is likely, mm any but the 
most skilful and expenenced hands to prove a new source of ernor 
Every one who has examined muscular fibre for example under a 
dry objective of very high powcr and Jaige aperture, well knows 
that so greatan alteration 1s produced in its aspect by the slightest 
change in either the focal adjustment or ih cover correction 
that 1¢ 18 impossible to say with certainty what aie the appear 
ances which give the most correct optical expression of its structure 
This being a matter of yudement on the part of each observer 1t 
seems obvious that the ncarest approach to a correct view will be 
probably given by the focal adjustment of the best homogeneous 
Iminersion obje tives in fixed settings, to the plane of the prepara 
thon immediately beneath the cover glass (see Jour Roy Micros 
Soc , 1882, pp 407, 854, 906) 
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In every particular m which tne water immersion 
system 1s supenor to the dry, it 1s itself surpassed by 
the oil or other homogeneous system, the anticipa- 
tions of those by whom it was suggested being thus fully 
realized But the advantages already spoken of as deriv- 
able from the use of the “immersion system ” are altogether 
surpassed by that which the theoretical studies of Professor 
Abbe have led him to assign to 1t, and of which he has 
practically demonstrated 1ts possession For he has shown 
(as will be explained below) that the interposition ot either 
water or oil so greatly increases the real “‘apertue” of 
the objective that ummersion objectives may be constructed 
having a far greater virtual aperture than even the theo- 
retical maximum (180°) of the angular aperture of an 
air objective 

The same emment physicist, working on the basis 
supplied by the mathematical investigations of Professor 
Helmholtz and himself on the undulatory theory of light, 
has further established an entirely new doctrine in regard 
to the production of highly magnified representations of 
closely approximated markings All that has hitherto 
been said of the formation of images by the compound 
microscope relates to such as are produced, in accordance 
with the laws of refraction, bv th~ aeration in direction 
which the light-rays undergo in their passage through the 
lenses interposed between the object and the eye These 
dioptric rmages, when formed by lenses free from spherical 
and chromatic aberration, are geometrically correct pictures, 
truly representing the appearances which the objects them- 
selves would present were they enlarged to the same scale 
and viewed under simular illumination And we seem 
justified, therefore, m drawing from such microscopic 
images the same conclusions in regard to the objects they 
picture as we should draw from the direct vision of actual 
objects having the same dimensions The principal source of 
error 1n such interpretations arises out of the “interference ” 
to which the rays of hght are subjected along the edges of 
the minute objects through which they pass, or along any 
such lines or margins in their inner part as are sufficiently 
opaque to throw a definite shadow Foi every such 
shadow must be bordered, more or less obviously, by inter 
ference or diffraction spectra, and thus the images of 
strongly lined objects with very transparent mtermediate 
spaces may be so troubled or confused by these “ diffraction 
spectra” as to render it very doubtful what interpretation 
1s to be put upon their appearances 

A good example of this hind 18 afforded by the scales of the 
gnit o1 mosquito, which are composed of a very delicate double 
membrane strengthened by longitudinal mbs on both sides, those 
ot the opposite sides Sune at the broad end of the scale, where 
thev generally texminate as bristle snaped appendages beyond the 
intermediate membrane These are crossed by fine markings, which 
are probably mdge like corrugations of the membrane, common to 
both sides of the scale Between each pair of longitudinal mdges 
there may be seen unde? certain adjustments of focus and illum 
nation thiee uniform parallel rows of beads, which have been 
supposed to represent a true structure m the membrane By Dr 
Woodward (colonel in the United States army ), however, 1t has been 
shown that this beaded appearance 1s merely the result of the ‘‘inter- 
ferences produced by the longitudinal and transverse lines of the 
scale For the longitudinal diffraction limes are clearly seen, alike 
in the microscopic image and in photographs (fig 18) to extend into 
pee ied space beyond the contour of the scales, almost as far as the 
ends of the bristles in which the parallel mbs terminate, and 
they vary in numbei with the varying obliquity of Wlumination, so 
that in the same scale two three four, or even five rows of beads 
can be seen, and photographed at pleasure, in every intercostal 


space ! 

Every microscopist who has worked much with high 
powers 1s well aware of the difficulty of distinguishng 
between real and spectral markings,—a difficulty which can 
only be overcome by traiming and expenence It seems, 


1 Monthly Micros Jour, vok + (1876), p 258 
XVI — 34 
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however, to have been now fully ascertained by Pro- 
fessor Abbe that 1t 1s only through such diffraction spectra 
that the microscope can make us acquainted with the 
minutest structural features of objects, since, according 
to the calculations of Professor Helmholtz and himself 
(based on the constants of the undulatory theory), no 
amount of magnifying power can separate dioptrically two 
lines, apertures, or markings of any kind, not more than 
wp of an inch apart The visual differentiation or 
“resolution ” of lines or other markings whose distance hes 








from a Photograph by Colonel Dr Woodward 

within that limit 1s entirely the result of “ mterference,”— 
the objective receiving and transmitting, not only dioptric 
rays, but the inflected rays whose course has been altered 
m their passage through the object by the peculiar disposi 
tion of its particles, and combining these rays into a series 
of diffraction spectra, the number and relative position of 
which bear a relation to the structural arrangement on 
which their production depends If the objective be per 
fectly corrected, and all the diffraction spectra le within 
its field, these will be recombined by the eye piece so as to 
form a secondary or “ diffraction ” image, lymg in the same 
plane with the dioptiic mage, and coinciding with it, while 
filing up its outlines by supplying intermediate details 
But where the markings (of whatever nature) are so closely 
approximated as to produce a wide dispersion of the inter 
ference spectra, only a part of them may fall within the 
range of the objective , and the recombination of these by 
the eyepiece may produce a diffraction image differing 
more or less completely (perhaps even totally) from the 
real structure, while, if they should he entirely outside 
the field of the objective, no secondary or diffraction image 
will be produced And thus, while the general form of 
such an object as a diatom valve may be coriectly given in 
a dioptric image, its surface may appear quite unmarked 
under an objective of small aperture, however great its 
magnifying power, though covered with regularly disposed 
markings when seen through an objective of wider aperture 
with perhaps only half the magnifying power 

It 18 obvious, however, that, while the dioptric image 
represents the actual object, the diffraction image thus 
formed by the reunion of a portion of the interference 
pencus 1s only an optical expression of the result of their 
partial recombination, which may represent something 
entirely different from the real structure Tor it has been 
proved experimentally, by placing finely ruled gratings in 
the position of objects, and by hmiting the apcrtures of 
objectives by diaphragms with variously disposed perfora 
tions, that the same arrangement of lines shall be presented 
to the eye by differently lmed surfaces, and different 
arrangements by similarly lincd surfaces, according to the 
numbers and relative positions of the reunited spectra 
Hence it 1s clear that there must be an essential difference 
in character and tiustworthiness between the images 
dioptrically formed of the general outhmes and larger 
details of microscop'c objects and those representations of 
their finer details which are given by the recombination of 
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their diffraction spectra,! and that the confidence to be 
placed in the latter class of repreovntations will be greater 
in proportion to the completeness of the recombination of 
the separated interference spectra, which, again, will be 
proportional (accurate correction of the aberrations bemg 
assumed) to the aperture of the objective ? 

The combined advance of scientific theory and olf 
practical skill in the application of it have now brought 
up the compound achromatic microscope to an optical per- 
fection that renders it capable of actually domg almost 

everything of which, in the present state of optical 
theory, 1t can be regarded as capable The resolution 
of Nobert’s nmeteenth band, having 112,595 lines 
to an inch, which was long regarded as the crux of 
microscopists, 18 now found so easy as to leave little 
: room for doubt that, 1f a new test were obtamable 






ene having the monumum ‘nsibile of 118,000 lnes to the 


inch, an oil immersion objective would be found to 


oO resolve it But the experience of the past makes it 
evident that, as no limit can be set to the advance 
of optical theory, results yet more remarkable may be 

pees still expected to arise, every such advance being turned 
Fie 13 —Scale of Gnat showmg Beaded Markings produced by Diffraction, to account by the practical skill which experience has 


now enabled the best constructors of achromatic ob- 
Jectives to attain ° 


The progressive improvements thus effected in the construction 
of microscopic objectives have been accompanied by other improve 
ments, alike in the optical and in the mechanical arrangements by 
which the best performance of these objectives can be secured and 
it will be desuable now to describe in succession the most approved 
forms of the eye piece the objective, and the Wluminating apparatus 
respectively, al then those of the instrument as a whole, point 
ing out the special adaptiveness of each to the requirements of 
different classes of scientific investigators 


Eve Piecrs 


It very early became obvious to those who were engaged in 
the achromatization of mucroscopic objectives that their best 
performance was obtained when the image given by them was 
further enlarged by the eye piece ] nown as the Huygenian, as 
having been devised by Huygens foi his telescopes It consists 
of two plano convex lenses (LE and IF, fig 4), with their plane 
sides towards the eye these aie placed at a distance equal to half 
the sum of their focal lengths —or to speak with more precision, 
at half the sum of the focal length of the eye glass, and of the dis 
tance from the field glass at which an image of the object glass 
would be formed by 1t A ‘ stop or diaphtagm BB must be 
placed between the two lenses, 1n the visual focus of the eye glass, 
which 18, of course, the position wherein the image of the object 
will be formed by the rays brought into convergence by their 
passage through the field glass uy zens devised this arrange 
ment merely to diminish the s) hetical aberration , butt was subse 
quently shown by Boscovich that the chromatic dispeision was also 
in great part corrected by 1t Since the introduction of achromatic 
object glasses for compound microscopes, 1t has been further shown 
that nearly all error may be avoided by a slight over correction of 
these, so that the blue and red rays may be causcd to enter the 
eye ina parallel duection (though not actually comcdent), and 
thus to produce a coloutless image ThusletN,M N (hg 14) repre 
sent the two extreme eh of three pencils, which without the 
field glass would form a blue image convcx to the eye glass at BB, 
and a red one at RR, then, by the intervention of tlic field glass, 
a blue image concave to the eye glass 1s formed at B B, and a red 


1 Thus it 18 still a moot yomt whethcr the microscopic appear- 
ances seen in the siliceous valves of diatoms (fgs 8-11) are the 
optical representations of elevations depicssions, or perforations, or 
of internal molecular arrangements not involving any inequality of 
surface 

This doctrine was first fully developed by Professor Abbe in the 
Archw fur Microsk Anatome, vcl 1x (1874), and 1s more fully ex- 
pounded in his subsequent contributions to Jour Ry Micros Soe 
See algo the pa, ers of Mr Ste) henson an! Mr Cusp in that journal, 
and in the preceding Monthly Micrcscopical Journal 

3 Any good workman can now make hy the dozen such small angled 
$ inch objectives as Mr A Ross y1cduced with much pains and labour 
fifty yeais ago It was not until 1844 that, with the honourable 
emulation of surpassing what Professor Amici had then accomplished, 
he produced a yy inch of 135°, which, by taking advantage of some 
very heavy flint glass he had, he afterwards increased to 170°. 
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one at RR’ As the focus of the eye glass 1s shorter for blue rays 
than for red rays by just the differvice im the place of these images, 
their rays, after refraction by it, enter the eye 1n # parallel direction, 
It the object glas 


and produce a picture free fiom false colour 
had heen rendered perfectly 
achromatic, the blue ays, 
after passing through the 
field ae would have been 
brought to a focus at 0, and 
the 1ed at 7, so that an erior 
would be produced which 
would have been incicised in 
stead of being couiected by the 
eye glass Another advanta,se 
of a well constructed Huy 
gemian eye piece 13 that the 
image produced by the meet 
ing of the rays afte: passing 
through the field glass 1s by it 
rendered concave towards the 
eye glass instead of convex, 
so that every part of 1t may 

in focus at the same time, 
and the field of view thereby 
rendered flat ! 





a compound reece Lhe utility of the lizher powers will 
mainly depend upon the excellence of the objectives for when an 
achromatic combination of small aperture which 15 sufhiucntly well 
corrected to perform very tolerably with a ‘ low or ‘ shallow 
eye A sed 1s used with an eye p ece of hijher magnifying power (com 
monly spoken of asa‘ dceper onc) the image may lose more in 
brightuess and in definition than is zumned by its amplification, while 
the image given by an objective of laige angular aperture and vary 

1fect coriection shall sustain so little loss of light or of definition 

y ‘ deep eye piecing that the increase of magnifying power shall 
be almost clear gain Hence the modes m which different objectives 
of the same power, whose performance with shallow eye yieccs 15 
nearly the same, are respectively affected by deep eye pieces afford 
a good test of their respective merits since any defect im the correc 
tions 1s sure to be brought out by the higher amplification of the 
image, while a deficiency of aperture is manifested by the want of 
hight The working muicroscopist will generally find the A eye 
piece most suitable B being occasionally employed when a greater 
power 1s required to separate details whilst C and others still deeper 
are useful for the purpose of testing the goodness of objectives, or 
for special investigations ee the highest amplification with 
objecuves of the finest quality But he can commit no greater 
error than habitually to use deep eye pieces for the pwposes of 
scientific research val ater when (as in the study of hving 
objects) long contmued and uninte:muitted observation 1s necessary 
For the visual stram thus occasioned 1s exactly like that resulting 
from the habitual use of magnifying spectacles in reading, re yur 
ing the book to be held within 2 or 3 imches of the eye And 
all experience shows that this feeling of stiam cannot be dis 
regarded, without the most mjuions consequences to vision 

or viewing large flat objects such as transverse sections of wood 

or of Echinus spines, under low maguifying powers, the eye piece 
known as Kellne1s may be employed with advantage In this 
construction the field glass, which 1s a double convex lens, 18 
batt in the focus of the eye glass without the inter] osition of a 

laphragm , and the eye glass 1s an achromatic combination of a 
plano conrave of flint with a double convex of crown, which 1s 
shghtly under corrected, so as to neutralize the over coriection 
ao to the objectives for use with Huygenian eye pieces A 

t well illuminated field of as much as 14 mehes in diameter 
may thus be obtained with very little loss of hght, but, on tho 
other hand, there 1s a ce1taim 1mpairment of definmg power whuh 
genders the Kellner eye piece unsuitable for objects presenting 
minute structural details, and it 1s an additional objection that 
the smallest speck or smear upon the surface of the field glass 1» 
made so unpleasantly obvious that the most careful cleansm, of 
that surface 1s 1equued every time that this eye piece 1s used 
Hence 1t 1s better fitted for the occasional display of objects ot the 
character already specified than for the ordinary wants of the 
working microscopist 

Solid eye pieces, consisting of cylinders of glass with convex ends, 
are sometimes used in place of the Huygemian, when high magni 
fyimg power 1s req for testing the performance of objectives 
The lower surface, which has the lesser convexity, serves as a 


1 The reader may be 1eferred to Mr Varley s investigation of the properties of 
the Huygenian eye plece in the fifty first volume of the Transacttons of the 
Socety of Arts and to the article ‘Microscope bv Mr Ress in the Peray 
Cyclopedia repiinted, with edditions, in the Anglish Cyclopadta 
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field glass while the amg formed by this 1s magnified by the 
hignly convex upper surface to which the eye 1s applied,—the 
advantage derivable from this construction lying in the abolition of 
the plane surfaces of the two lenses of the Ona eye piece 7 

A ‘positive or Ramsdens eye prece—in which the field glass, 
whose convex side 1s turned upwards, 1s placed so much nearer the 
eye glass that the image formed by the objective lies below instead 
of above 1t—was formerly used for the purpose of micrometry,—a 
divided glass being fitted in the exact plane occued by the 1 , 
so that its scale and that mage ate both magnified together by the 
lenses inte: posed between them and the eye The same end, how- 
ever, may be so readily attained with the Huygemian eye piece 
that no essential advantaze is gained by the use of that of Ramsden, 
the field of which 18 distinct only im its centre 
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It has been seen that one of the principal points in the con 
struction of micioscopic objectives to which the attention of their 
makers has been constantly directed has been the enlargement 
of their ‘aperture, —this term being understood to mean not 


their absolute opening as expressed by linear measure, but their 
- wee ned Lawes an tha 


manne mn ban wamadéen naminanta Faas 


wey we wee = = 


apeiture, —that 1s, by the degree of divergence of the most extreme 
11tys proceeding fiom the axial point of the object to the margin of 
the objective (fig 15) which take peit in the formation of the 
image It 1s pointed out, however, 
by Professor Abbe that, in the case 
it single lenscs used as objectives, 
then apertures aie really propo 
tional, not to their respective angles 
of aperture, but to the ratio between 
the actual diameter or cleai opening 
of each to its focal distance, a ratio 
which is simply expressed by the 
sine of its semianzle And in the 
case of combinations of lenses it can 
be demonstiated mathematically that 
theu respective apertures arc de 
fainnsable othe conditions being 
the same—by the ratio of the dia 
meters of their back lenses, so fai as Fia 1o —Section of Achromatic 
these are reallv utilized, to their Object Glass, composed of 
respective focal lengths,—this ratio three pairs of (flint and 
being expressed as before, by the sine ¢ToWn)lenses abcisits angle 
of the semangle of aperture (sm u) f @perture 

The difference between these two modes of compaiison can be 
readily made obvious by reference to the theoretical maximum of 





having an angle of 60° would count by compaiison of angles as 
having only one third of the theoietical maximum, its real aperture 
would be half that maximum since the sine of its semiangle 
(30°)=4 And, as the sines of angles beyond 60° increase very 
slowly, an objective of 120° angle will have as much as 87 per cent 
of the theoretical maximum of aperture, although its angle 1» only 
two thuds, or 66 6 per cent, of 180° It hence becomes obvious 
that little 1s 1eally gamed in real aperture by the opening out of 
the angle of microscopic objectives to 1ts greatest practicable hot 
(which may be taken as 170°), while such extension—even if 
unattended with any loss either of definition or of colow correction 
—necessarly involves a gieat reduction alihe in the working dis- 
tance and in the focal depth or penetiation of the combination, 
as will be presently explamed 

Numerical Aperture —It has now been demonstrated by Professor 
Abbe that, mdependentl; of the advantages already specified as 
deiivable fiom the application of the imme1sion system to objectives 
of short focus and wide aperture, the real aperture of an ummer 
sion objective 18 considerably gieater than that of a dry or air 
objective of the same ee comparative apertures of objec 
tives working thiough different media bemg i the compound 
ratio of two factors, vv, the sines ot their respective semiangles 
of apeiture and the refractive indices of the ‘immersion fluids 
It 1s the product of these (nsinz) that gives what 1s termed by 
Professor Abbe the ‘ numerical aperture, "—which serves therefore, 
as the only tiue standaid of comparison, not only between dry or 
air and water or o1l immersion lenses, but also between unmerion 
lenses adapted to work respectively with water, oil, or anv other 
interposed flud That the angle of aperture expressed by the 
same numbei of degrees must correspond with very different work 
ing apertures in diy, water 1mmersion, and oil or homogeneous 
immersion objectives becomes evident when we consider what 





2 These eye pieces are much in vogue in the United States, where they are made 


, of extremely short foci,—even to 7, inch 
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happens when divergent pencils of rays pass fiom one medium 
into another of higher refractive index For such divergent 
pencils, proceeding from air into water or oil, will be closed 
together or compressed , so that the rays which, when an object 
13 mounted in air spread out over the whole hemisphere then 
form comparatively narrow pencils, and can thus be utilized 
by an immersion objective of smaller aperture than 1s required in 
a dry objective to admit the most diverging 1ays of air pencils 
It follows, therefore, that a ake angle 1n a Wate o1 o11 immersion 
objective represents a much larger apeiture than does the same 
anzle in an air objective, and thus 1t comes to pass that by 
opening out the angle of immersion objectives they may be made 
to receive and utilize 1ays of much greater divergence than ca) 
possibly enter dry objectives of even maximum oe ture 

The following table, abridged fiom that given by Professor Abbe 
for every 0 02 of numerical aperture from 0 00 up to the maximum 
of 1 52, brings this contiast into cluir view — 


Numerveal Aperture Table 





Theoretic 








Angle of Aperture (=2u) Mum | Retohing | Pene | 
Numerical Power in trating 
Apertuie | Dry Wate. | Homogeneous Linesto Power 
(xsmusa) | Objec {Immersion} Imma«ision aiinch | ( i ) 
tives | Objectives | Objectives (A=0 2269n, \a 
(n=1) | (n=1 33) (n=1 02) =line F) | 
e e o 
180 0 146 598 68 
138 12 136 888 704 
192 6 328 212 752 
111 5) 121 4¢4 794 
101 50 1137 2 847 
94 56 107 9¢8 803 
88 26 102 184 343 
8217 9b 400 


76 24 90,616 


1 

1 
$? 904 116 

1 

1 


1 $2 
1 12 
133 
1 26 
118 
112 
1 06 
100 
0 94 
0 86 
0 80 
076 
0-70 
0 62 
0 56 
050 


3 
7 120 50 
73 2t4 316 
67 450 149 
5) 768 1618 
53 994 1756 
48 200 2 000 





Thus, taking as a standard of compaiison a diy obycctive of 
the maximum theoretical angle of 180°, whose numetical apei 
ture 1s the sine of 90°, or 1 00, we find this standaid equalled 
by a water immersion objective whose angle of aperture 1s no more 
than 974°, and by an oil or homogeneous immeision objective 
of only 82°,—the numerical apertures of these, obtained by multi 
plying the sines of their respective semiangles by the refractive 
index of water or of o1], being 100 in each case Lach, there 
fore, will have as gieat a power of receiving and utilizing divergent 
rays as any dry objective can even theoretically possess 

But, as the actual angle of eithcr a water o1 an oul mmersion 
objective can be opencd out to the same extc nt as that of an au or 
dry objective, 1t follows that the aperture of the forme: can be 
augmented far beyond even the theoretical maximum of the latter 
Thus the numctical aperture of a wate: immersion lens of the 
maximum angle of 180° 15 183 or one third greater than that 
of an airlens of the same angle anl this aperture wonld be 
given bv an oilimmersion objective of only 122 Again, the 
numerical aperture of an oil immersion ¢ byuctive having the theo 
retical maximum angle of 180 would be 152 o1 more than one 
half greater than that of an au lens of the same anzle And the 
numerical apertures cotrespon ling to angles of 170 wlhuch have 
been actually attained in both cascs, fall vay littl shoit of the 
proportions just given 

So, again, an ou immersion ¢} jective whose angle of aperture 1g 
only 60° has as lngh a numerial apeitue (0 76) as a watu 
immersion objective of 694°, or as a (iy objective of 99° and a dry 
objective of 140° has no greater a numerical aperture (0 94) than 
a water immersion of 90° o1 an oil immersion of 764 

This important doctrine may be best made practically intelligible 
by a comparison of the 1clatise diameters of the bach lenses of 
dry with those of witer and oil immersion objectives of the 
same power, from an ‘ alr angle of 60° to an ‘‘oilangle of 
180°,—these diameters ¢\pressins, in cach case, the opening between 
the extreme pencil formin,s 1a\9 it thar issue from the } ostcrior 
surface of the combination to mcct in its conjugate focus tor the 
formation of the image the r lition of which opening im each case 
to the focal length of the combinatin 15 the real mcasme of 1ts 
aperture (fig 16) Thus the div ¢1yective of 60° angie (5 1n fig 16) 
has 1ts a21 anzle represcntc | ky sin (mh x () 29 nun 11cal aperture 
The dry objective of 97° (4) has it« iu anjle represented by sin t= 
#=0 75 numerical aperture And the dry ol jective having the 
(thearetical) angle of 180° (3) has its an angle 1¢; 1¢sente] by sinz 
100 numerical aperture —this comes} ondiny to 96° Water 
angle and 82° oil angle But the water immersion lens havin 
the (theoretical) angle of 130° (2) has its water angle represeuted 
by nsinu—1 33 numerical aperture. And the oil immersion 
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lens having the (theoretical) angle of 180° (1) has aw ow angle 
remesented by nsinw=152 ‘numerical aperture”! These 
theoretical apertures for water and o1] immersion lenses having bee: 
found as neatly attainable in practice as the theoretical maximum 
fo. dry objectives, such lenses can utilize rays fiom objects 
mounted in balsam or other dense media, 
which are entirely lost for the image (since 
they do not exist physically) when the same 
object 18 1n air or is observed thiough a film 
of air And this loss cannot be compensated 
by an increase of illumination, becuse the 
rays Which are lost are diffeicnt rays ree 
cally fiom those obtained by any wWlumi 
nation, however intense, through an aeriform 
medium 

It 1» by increasing the number of diffiac 
tion spectra that the additional rays thus 
1ecerved by objectives of great numc«tical 
aperture 1mpait to them an incieased 1esolv- 
ing power for lined and dottel objects, — 
the tiuth of the mage formed by the 1ecom- 
bination of these spectia bang (as aheuly 
shown) essentially dependent on the number 
of them that. the objective may be cx able 
of 1ecelvin 

But w hist the 1esolying power of micto 
scopic objectives incieises im the ratio of 
then respective numenical apertuics and 
whilst then illuminating power (dependent 
upon the quantity of light that passs 
through them) increases with the squate of 
the numerical aperture the case 1s reversed 
with another most important quality ,~——thot 
of penetiation or focal depth, for this 
diminishcs as the numctical apertuc in 
creases, until nothing but what is mec cly 
in the focal plane can be even discerned with 
objectives posse es of the highest 1esolh ng ST 
power Thus, the penetrating powei of an Fic 16 —Relative | 
objective of 60° an angle being cxpressed meters of Back Lenses 
as 2 000, an extension of that angle to 764° of Air, Water, and 
reduces 1t to 1618 an extension to 89° O1! Immersion Objec- 
reduces it to 1 429, and an extension to 99° tves 
reduces 16 to 1316, further extension to 1184° reduces 1t to 1 163, 
while an objcctive whose an angle 15 140° has a penetrating powei 
of only 1064 So, again, the oil ummceision objective which has the 
numetical aperture of 100 corresponding to the theoretical a 
angle of 180° has a penetrating powcr of 1000 this 15 brought 
down to 752 when its angle 1s so incicased as to makeits numerical 
apertuic 133, equalling the theoretical maximum of a water 
immeision objective, and is 658 at the theoretical maximum (1 52) 
of an oil obyectiye 

Hence it 18 clear that as some of the qualities to he sought in 
microscopic objectises ate absolutely incompatible, a preference 1s 
to be accorded to objectives of greatest resolving power but very 
little penetration, o1 to those of moderate resolving powe1 and 
great penetiation according to the uses to which they are to be 
apphed, and some geneiil principles will now be laid down in 
regard to this matter, based alike on science and expertence 

In the first place a marked distinction 1s to be diawn between 
those objectiscs of low or modeiate powa: which aie to be worked 
dioptrically and those of high power which are to be worked dif 
fiactively The objects on which the forme: are to be for the most 
part used aie either minute bars pelaan bodies having solid forms 
which the observer should be able to take in as wholes (as in the 
case of Polycystuna, the laigcr diatoms Jnfusorra, &c) or trans 

rent sections, dissections, or injections, whose parts he in 
Hifterentt planes, the general relations of which he desires to study, 
while reserving then dctauls for more special scrutiny , or opaque 
objects, whose structuic can only be apprehended from the 
examination of then surfaces, when the mequalities of those sur 
faces are scen im their 1clations to each othe: In all these cases 
it 13 desirable that microscopic vision should resemble ordinary 
vision a3 much as possible If the eye were so constructed as to 
enable us to discern only those parts of an object that he pre- 
cisely im the plane to which we focus it, our visual conceptions of 
the forms and relations of these parts, and consequently of the 
object as a whole, would in general be very inadequate, and often 
erroneous It 1s because, while focussing our eye successively on 
the several planes of the object, we can see the relation of each to 
what 1s nearer and more remotc that we can readily acquire 8 
visual conception of its shape as a whole, and that unmistakable 
perception of solid form which 18 given by the combination of the 
two dissimilar perspectives of near objects in binocular vision 


The dotted circles in the interior of 1 and 2 of the same diameter as 3, show 
the excess in the diameters of the back lenses of the water and oil objectives 
over that of the dry at their respective theoretical limite 
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(p 278) could not possibly be formed if our vision were strictly | 
limited to the exact plane for which our eyes are focussed 

Hence it 18 obvious that, in the case of objectives of low and 
moderate amplification, focal depth o1 penetration 1s a quality 
for the want of which no other excellence can compensate, — 
the opening out of ther apertures being only advantageous in 
so far as 1t does not seriously mterfere with them penetrating 
power It 1s, no doubt, quite possible to construct a 1 mch 
objective with an aperture so large that, when the requisite amph 
fication has been gained by deep eye piecing it shall resolve 
the lined ‘‘tests ordmamnly used for a 4 o1 to construct an 
objective of +4; ch focus which shall in hile manne do the 
ordinary work of a} But, as such objectives aie thereby spoiled | 
for their own proper worth, the loss to the microscoyist 1s but 
poorly compensated by his ability to resolve with them under such 

eep eye pieces as cannot be habitually usc 1 without scrious 11sh to 
the eye sight the lined and dotted tests which can be much better 
shown under objectives of shorter focus and wider aperture with eye 
neces of low amplification Lor, whilst deep cye pieces cannot be 
bitually employed for continuous observation, without putting 
a strain upon the eyes resembling that whi h iesults from the 
constant use of a manifying glass even the very highest objectives 
may be used continuously for long periods in combination with 
shallow eye pieces with scarcely any fatigue and theicfore (it 1 
probable) without scnsible injury ? 

In estimating the goolness of a mucroscopie objective five 
‘distinct qualities have to be separately consideicd —(1) its work 
ing distance o1 the actual interval between its front lens and the 
object on which it 1s focussed (2) its penctrating power or fccal 


depth, (3) the flatness of 1ts fiela (4) 1ts definition, or power of | 


giving a distinct a of all well marked features of an otject 
and especially of their boundary lines and (5) 1ts resolving powci, 
by which it separates closely approximated lines, dots or striz 
1 The ‘‘ working distance of an objective has no fixed relation 
to 1ts focal length —the latter being estimated by its equality in 
powcr with a single lens of given radius of curvature (such as 
1 inch, + ich, 7, inch, &c), while the former vanes with 
the mode in which the combination I» constructed and with the 
aperture given toit For low and moderate powers, ranging up to 
yo inch focus good working distance 1s especially important, 
alike because it 1s closely 1elated to penetrating power and also 
because 1t facilitates the use of side illumination for opaque objects 
And in such objectives of high power as ate to be used, not for the 
resolution of lined 01 dotted tests but for the observation of living 
and moving objects of extreme mmuteness good working distance 
1s no less important on account of its 1elation to focal depth In 
the case of those objectives, on the other hand, in which 1esolving 
powe1 1s made the first considetation 1t 1s only needful that the 
working distance shall be such as to permit the interposition of a 
thin glass cover, and this, although necessatily diminished with 
the wdening of the apertuie, can be always obtained by the adoption 
of the immersion sy stem 
2 The “‘penetrating powe: or focal depth of an objective 
may be defined as consisting in the veitical 1ange through which 
the paits of an object not precisely in the focal plane may be seen 
with sufficicnt distinctness to enable then ielations with what hies 
exactly 1n that plane to be cleaily traced out —just as would be done 
by ordinary vision if the object were itself enlarged to the dimen 
sions of its micioscopic unaze The close relation between this 
uality and the preceding becomes obvious when 1t 18 considere | 
that the longer the working distance of an objective the less will 
the distinctness of the image 1t forms be affected by any given 
alteration (say the yphyy of an inch) in its focal adjustment Con 
uently, of two objectives having the same magnifying power but 
different working distances that one will have the most focal depth 
whose working distance 1s the zreater On the othe: hand, as the 
penetrating power of an objective 1» reduced in dnect accoidance 
with the increase of 1ts numerical aperture, 1t must be sacrificed 
wherever the highest resolving power is to be attuned Hence, 
as already remarked, this attribute will be very differently valued 
by different observers according to the work on which they ale 
Tespectively engaged or the general purposes of biological 
research, not only with low o: moderate dor the reasons alicady 
stated), but also with high powers, a considerable amount of 
focal depth 1s essential It 18 impossible, for example to follow 
satisfactory the movements of an Ameba, or to study the 
‘fcyclosis in the cell of a Vadlesnerza, or to trace the distribution 
of a nerve thread with an objective im which focal depth 1s so 
completely sacrificed to aperture that nothing can be discerned 
save what 15 precisely in the focal plane, since, instcad of passing 
tionally from one focal plane to another, as the observer can 
o with an objective of good penetration, he can only get a succes 
sion of ‘‘dissolving views, with an interval of ‘‘chaos between 


1 Hence for work of this kind the shallower eve pieces and Jonger tubes cf 
English microscopes are to be preferred to the deeper eve pic ces and shorter tubes 
ef the ordinal ata? model the shallowest eye pieces of the latte: being 

equal in power to the ordinarv B eye pleces of the former 
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each pair When on the other hand, 1¢ 1s desired to scrutinize with 
the greatest precision such minute details a» are presented in one 
and the same focal ; lane (as for example those of the thinnest 
possible film of tissue spread out between a glass slide and its cover 
ing glass) the microscomist will prefer an objective in which focal 
depth 15 subordinated to aperture, for the sake of the resolving 
ee cr which he can thus command And it will often happen in 
1ologic ul research that it 1s advantageous thus to bring objectives 
ot the latter class to bet uzon objects which could not have been 
detected in the fist instance save by objectives of much inferior 
resolving power but grcatcr focal depth 
3 Lhe ‘‘flatness of the fell afforded by the objective 18 a 
condition of great importance to the advantazeous use of the micro 
sco} c since the extent of the area clearly seen at onc time practi 
cally depends upon it Many oljectives are so constiuctel that, 
even when the object 15 perfectly flat the foc: cf the cential and 
y ery heial } arts of the field are so different that when the adjust 
ment 18 male for one the other 1s mcre or less indistinct Hence, 
when the central jart of the area 1s in focus no more information 
1s ,amne 1 respecting the peripheral than if the latter had been alto 
nether stoped out With a really good ol jective not only should 
the image be distinct over the whole field at once but the marginal 
] o1tion should be as fice fiom colour as the central As imperfec 
tion m this respect 15 often masked Ly the contraction of the 


aperture of the diay hiagm in the eye yiece the relitive ments of 


two objectives as regards flatness of held should always be tested 
un ler in eye 7 1lece ,1vIng 2 large aperture 

4 The definmg owe of an objective which depends upon 
the com) leteness of its co1ections for sphcncal and for chromatic 
abeiration ind uj on the accurate centring of 1ts component lenses, 
18 an attibute essential to its satisfactory performance, whatever may 
be its other qualities —its importance in scientific research being 
such that no superionty in resolving power can compensate for the 
want of it and thou,h it 1s possible to obtain perfect correction for 
sj heric il aberration up to the highest practicable limit of angle, yet 
the difheulty of secure 1t increases rapidly with the angmentation 
of aperture the want of 1t being made perceptible especially when 
deep cye pieces ue yuton by the bluriing of clearly marked lines 
oredges and by general fo, Perfect colour conection on the 
other hand 1s not yossille for diy lenses of the widest angle on 
account of the urationality of the secondary spectrum, but this 
may be neutralized by the use of the immeision system Asalready 
stated, what has to be a1med at im the construction of microscopic 
objectives 15 not absoiute colour correction but a slight degree of 
over conection which by comyensating the chromatic dispersion 
of the Huy genian eve prece shall produce an umage free fiom false 
colour As this can be secured far more easily m the construction 
of objectives of mo lerate than in those of very wide aperture the 
cost of the forme: is proportionally small,—an additional reason 
for the preference to be given to them on othe: giounds, 1n regard 
to all save very special hinds of microscopic work 

5 * Resolving power being that by which very minute and 
closely approximated marhings—whether lines, strie dots or 
apertures—can be separately disceined 1s a function which is only of 
primary impoitance in objectives whose amplifying power specially 
fits them for the study of objects of this class It appears from the 
mathematical researches of Pfofessor Abbe that the maximum 
resolving power: (with a theoretical angle of 180°) would be capable 
of separating 146,528 lines to the mch, but he considers the limit 
of visual resolution depending on the power of the eye to be about 
tresvs Of an inch, and this limit seems to have been nearly 
1cached To make such a separation distinctly perceptible, an 
amplification of at least 3000 lmear would be requisite, and this 
can only be obtained either by the use of an objective of very high 
power (such as x inch focus) in combination witha low or medium 
eye piece or by putting a ver} deep eve piece upon an objective of 
lower powe1 (such as 2 4 inch’ —the forme: method for the reasons 
already given, being dicidedly preferable For the resolution of less 
closely approximated markings objectives of gy, ay, ps, and } 
inch answer very well and the resolving power which they 
require may be obtaincd without any excessive widening of the 
aperture Fo the loss of resolving power consequent upon the 
contraction of the angle of a water immersion objective to 128}° 1s 
only one tenth of the theoretical maximum 128,212 , while a reduc 
tion to 1053° only lowers the number of separable lines to 102 184 
to the inch,—thus diminishing the resolving power by little more 
than one fifth, while the working distance and focal depth of the 
combination are greatly increased, and perfect definition 1s more 
certainly attamable The 4 mch 1s (according to the wniters 
experience, which 1s confirmed by the theorctical deductions of 
Professor Abbe) the lowest objective in which resolving power 
should be made the primaiy qualification,—the §, } } and % 
‘nch being specially suited to sands of biological work in which 
this 18 fat less amportant than focal depth and dioptric precision 
This view 18 strengthened by the very zmportant consideration that 
the 1esolving pores given by wide aperture cannot be utilized, 
except by a method of allum.nation that causes light to pass through 
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the object at an obliquity corresponding to that at which the most 
divergent rays enter the objective Now, attinen in the case of 
objects whose markings are only superficial such obliquity may not 
be productive of false appearances (though even this 18 scarcely con 
ceivable), 1t must have that effect when the object 1s thick enough 
to have an internal structure, and the experience of all biological 
observers who have cained out the most delicate and dithcult 
mvestigations 1s in accord, not only as to the advantage of direct 
illumination, but as to the deceptivencss of the appearances given 
by oblique, and the consequent dange: of error in any inferences 
drawn from the latter Thus for example, the admirable researches 
of Strassburget Fleming Klein and others upon the changes which 
take place in cell nucle: dumng then subdivision can only be 
followed and veiihed (as the writer can personally testify) by 
examination of these objects under axial illumination with objec 
tives of an angle so moderate as to possess focal depth enough to 
follow the wonderful differentiation of component parts brought out 
by staining processes through their whole thickness 

The most perfect objectives for the ordinary purposes of scientific 
research therefore, will be obviously those which combine exact 
definition and flatness of held with the widest aperture that can be 

ven without an inconvenient reduction of working distance and 
Toms of the degiee of focal depth suitable to the work on which they 
are respectively to beemployed —_ hese last attributcs are especially 
necded in the study of living and moving objects and, 1n the case 
of these diy objectives are decidedly preferable to immersion, 
since the shifting of the shde which 1s requisite to enable the move 
ment ot the object to be followed 1s very apt to produce disarrange 
ment of the interposed drop And owing to the solvent power which 
the essential ols employed for homogeneous immersion have fot 
the ordinary cements and varnishes, such care 1s necessa1y in the 
use of objectives constructed to work with them as can only be 
given when the observer desires to make a very minute and critical 
examination of a securely mounted object 

The following table expresses the magnify ing powers of objectives 
constructed on the English scale of inches and parts of an inch, with 
the 10 inch body and the A and B eye pieces usually supplied by 
English makers, and also specifies the angle of aperture which, 1n the 
writer 8 judgment 1s most suitable for each He has the satisfac 
tion of finding that ns opimons on this latter point, which are 
based on long experience in the microscopic study of a wider range 
of animal aad vegetable objects than has fallen within the purview 
of most of his contemporaties are in accordance with the conclu 
sions drawn by Professor Abbe from his profound investigations into 
the theory of microscopic vision! which have been carried into 
practical accomplishment 1n the excellent productions of Mr Zeiss 






| Magnifying Maguit ying 
Focal , Angular Power Angular sauce 
Length | Aperture AEye | BEye | Length Aperture A Eve | B Eye 
piece | piece piece ‘ piece 
18 200 300 
27 20 | 39 
37 300 40 
o4 400 600 
75 500 720 
112 600 $00 
150 800 1200 
18” 





For ordinary biological work the 4 yy and Ys objectives with 
angles of from 100° to 120° will be found to answer extremely 
well if constiucted on the water immersion sj stem 

Each of these powers should be tcsted upon objects most suited 
to determine 1ts capacity for the particular kind of work on which it 
isto beemployed and insuch testing the ie of deeper eye 
pieces than can be habitually employed with advantage will often 
serve to bring out marked differences between two objectives which 
seam to work almost equally well under those ordinarily used — 
defects in definition or colour correction and want of hght which 
might otherwise have escaped notice being thus made apparent 
No single object 1s of such general utility for these purposes as a 
large well marked Podura scale forthe eve which has becn traincd 
to the use of a particular specimen of 1t will soon Icarn to recognize 
by 1ts means the qualities of any objective between 1 inch and 4 
inch focus and it may be safely asserted that the objective which 
most clearly ani sharply exhibits 1ts characteiistic markings 15 the 
best for the or linary work of the histologist 

For the special attribute of resolving power on the other hand, 
tests of an entirely different orde1 are required an these are fur 
nished, as already stated either by the more difficult diatoms, 
or by the highest numbers of Noberts ruled test plat. The 
diatom valve at present most m use as a test for resolving 
power 1s the Amphtpleura pellucida the lines on which were long 
supposed to be more <losely approximated than those of Noberts 


4 See his paper on “The elation of Aperture and Power inthe Microscope, in 
Jour Roy Micros Soc, 1882, pp 300, 460 : 
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nineteenth band, being affirmed by Mr Sollitt to range from 120 
to 130 in ygyy of an inch But the admirable photographs of 
this valve obtamed by Colonel Dr Woodward have confirmed the 
conclusion long previously expressed by the wnter, that this esti- 
mate was far too high, being based on the ‘‘spurious limeation ” 
produced by diffraction, and show that the strie on the largest 
valves do not exceed 91, while those on the smallest are never more 
numerous than 100, n yyy Of an inch The same admirable 
manipulator has also obtained excellent photographs of another very 
difficult test diatom, Suszrella gemma, from which it a 
that its transverse strie count longitudinally at the rate of 1, 000 
to the inch, whilst the beaded appeatances into which these may 
be resolved count transversely at the 1ate of 84,000 to the mnch. 
Thus 1t appears that the complete resolution of these ‘‘ vexatious’ 
diatoms does not require by any means the maximum of aperture, 
but 1s probably dependent at least as much on the perfection of the 
corrections and the effectiy eness of the illumination 

It must be understood that there 1s no intention in these remarks 
to undervalue the efforts which have been perseveringly made by 
the ablest constiuctors of microscopic objectives in the direction of 
enlargement of aperture For these efforts besides increasing the 
resolving power of the instrument have done the giert service of 
producing a vast improvement in the quality of those objectives of 
moderate apettwie which are most valuable to the scientific bolo 
gist and the micioscopist who wishes his armamentum to be com 
plete will provide himself with objectives of those different qualities, 
as well as different powers, which shall best suit his particular 
requiremcnts . 


ILLUMINATING APPARATUS 


Every improvement in the optical performance of the compound 
achromatic microscope hes called forth a corresponding improve 
ment 1n the illumination of the objects viewed by it, since 1t soon 
came to be FV that without such improvement the full ad 
vantage of the increased defining and resolving powers of the 
objectives could not be obtammed Foi the illumination of trans 

rent objects examined by light thansmitted through them under 
ow powers of moderate angle a conveiging pencil of rays reflected 
upon their under surface by a concave muro 1s generally sufficient, — 
a‘ condenser being only needed when the imperfect transparency 
of the object requues the transmission of more hght through 1t 
And the microscopist engaged 1m ordinary biological studies, who 
works on very transparent objects with objectives of 4 or 4 inch 
focus 01 yy inch immersion will finl that the small concave 
muror of shoit focus with which the Continental models are fur 
nished (see fig 28) will generall, prove sufhcient for his needs This 
murror 1s usually hung at such a distance beneath the stage that 

rallel rays falling on 1t are brought to a focus in the object as 1t 
1es on & slip of Loe resting on the staze and thus when the 
instrument 1s used by day, the light of a bight cloud (which 1s pre 
ferable to any other) gs es a well illuminated field, even with the 
powers last mentioned But when lamy light 15 used 1ts divergent 
1ays ate not brought toa focus in the object by a mnror that 18 
fixe | as just stated and the distance of the mirroi beneath the 
stage should be made capable of incierse (which 1s casly done by 
attaching 1t to a lengthening bat), so as to obtain the requisite 
focal convergence Still the best eflects of objectives of less than 
+ inch focus cannot be secured without the aid of an achromatic 
condenser, interposed between the mirror and the object, so as to 
bring a larger body of rays to a more exact convergence 

When objectives of still higher powcr are employed, the employ 
ment of such a condenser becomes indispensable , and when the 
highest powers arc being used by lamplhght, it 1s desuable to dis- 
pense with the mirror altogether, and to place the flame exactly in 
the optic axis of the microscope The condenser should be an 
achromatic combination corrected for the ordinary thichness of 
the glass slip on which the object les and capable of being so 
adjusted as to focus the illuminating pencil in the object 

As 1t 1s often found desirable that an object should be illuminated 
by central 1a\s alone or that the quantity of light transmitted 
through it should be reduce 1 (for bringing into v1¢ w delicate details 
of structure which are invisible when the obycct 18 flooded with 
hight), everv microscope should be provided with some means of 
cutting off the outer rays of the illummating cone The ‘‘dia 
phragm plate ’ ordinanly usc 1 for this purpose 15 a disk of black 
metal pivoted to the under side of the stage, and perforated with a 
graduatcd senes of apertures of different diameters, any one of which 
can be brought by the rotation of the dish exactly into the optic 
axis of the microscope But the required effect can be much more 
advantageously obtained by the “1115 diaphragm,” in which ® 
number of converging plates of metal are made so to slide over 
each other by the motion of a lever or screw that the aper- 
ture 1s either enlarged or diminished, while alw a)$temaining prac- 
tically circular as well as central, and in this manner a continuous 


3 See the remarks of Mr Dallinger —whose experience in the application of the 
highest powers to the study of the minutest living aves is probably greater thas 
that of any living obeerver —in Jou» Roy Micros » December 1882 p 853, 
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view of the object 1s obtained, with a tional modification of the 
light Another method, commonly adopted in German microscopes, 
18 to place a draw tube in the optic axis between the stage and the 
murror, and to drop into the top of this tube one of a set of ‘‘stops ’ 
perretet with apertures of different sizes, this allows a gra 

tional effect to be obtained py raising or lowemng the tube, so as 
to place the stop nearer to or more remote from the object , but it 
1s not nearly so convenient as the ims diaphragm, and the effect of 
the stop 1s not nearly so good when it 1s removed to some dis 
tance beneath the object as when it 1s very near to the under sur 
face of the glass object slide When an achromatic condenser 18 
used, either a diaphragm plate or an iris diaphragm should be placed 
below its back lens, so as to cut off any required proportion of the 
outer rays that form its illumimating cone 

Such an arrangement, while sutns al the ordinary requirements 
of the microscopist who uses the hizhest powers of his instrument 
for the gb of biological investigation (as, for example, in the 
study of Bacterza or of the reproduction of the Monadina), does not 
serve to bring into effective use the special resolving power pos 
sessed by objectives of large aperture It has long been known 
that for the discernment of very®closely approximated markinz3 
oblique illumination 1s ads antageous,—an objective which exhibits 
such a diatom valve as Pleurosigma angulatum with a smooth un 
marked surface when illuminated by the cential rays of the achro 
matic condenser making its characteiistic markings (figs 8-11) 
distinctly visible when the central rays of the condenser are kept 
bach by a stop, and the object 13 Uluminated by its convergent mar 
ginal rays only And 1t has also been practically known for some 
time that the resolution of lmed or otted tests can be often 
effected by murror 1lumination alone, 1f the mirror be so mounted 
as to be able to reflect rays through the object at such obliquity to 
the oie axis of the microscope as to reach the margin of a wide- 
angled objective But it has only been since Professor Abbes 
researches have given the true theory of “‘resolution that the 
special advantage of oblique illumination has been fully compre 
hended, and that the best means have been devised for using 1t 
effectively Two different systems have now come into use, each 
of which has its special advantages 

One consists in the attachment of the illuminating apparatus 
(muror and achromatic condenser) to a ‘‘swinging tail piece (see 
fig 32), which, moving radiallv upon a pivot whose axis intersects 
the opae aus at right angles in the plane of the object, can thans 
mit the illuminating pencil through 1t at any degree of obliquity 
that the construction of the stage allows The direction of this 
pencil being of course limited to one azimuth, 1t 1s requisite, in o1der 
to bring out its full resolving effect, that the object should be made 
to rotate, by making the stage that carnes it revolve round the 
optic axis, so that the oblique pencil may impinge upon the lines or 
other markings of the object in every direction successively It 
wul then be found that the appearances presented by the same 
object often vary considerably,—one set of lines beg shown when 
the object lies in one amimuth, and another when 1ts azimuth has 
been changed by rotation through 60°, 90°, or some other angle 
Various contrivances have also been devised tor throwing vely 
oblique iluminating pencils on the object by means of prisms 
placed beneath the stage 

Tilumination of at least equal obliquity to that afforded by the 
swinging tail piece may now, however, be obtained by the use of 
condensers specially constructed to give a divergence of 170° to the 
rays which they transmit when used 1mmersionally, by bringing 
their flat tops mto approximation to the under side of the glass 
slide on which the object 1s mounted, with the interposition 
of a film of water or (preferably) of glycerm By using a central 
stop, marginal rays alone may to allowed to pass, and these will 
be transmitted through the object in every azimuth at the same 
time But diaphragms with apertures limiting the transmitted rays 
to one part of the periphery may be so fixed in a tube beneath 
the condenser as to be easily made to rotate, thus sending its 
oblique pencils through the objet in every azimuth in succession 
And where this rotation of the diaphiagm brings out two sets of 
lines at a certain angular interval a diaphragm with two marginal 
openings at a corresponding angular distance will enable both to 
be seen at once Numerous arrangements of this hind have been 
devised by those who devote their special attcntion to the reso 
luhon of difficult diatom tests, but they are of little or no use to 
those who use the microscope for biological research 

For the illumination of the sui faces of opaque objects which must 
be seen by reflected hght the means employed will vary with the 
focal length of the objective employed For large bogs objects 
viewed under a low magnifying power good ordinary daylight 1s 
sufficient , but if the surface of the object 1s dull, reflecting but 
httle light, the aid of a bulls eve or large bi convex lens must be 
employed in order to give it suffiient bnihance This aid will 
always be required by Jamphght , and by 1 proper adjustment of 
the relatave distances of the lamp and the object the rays from the 
lamp may be made either to spread themselves over a wide area or 
to converge upon a small spot The former is the method suitable 
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to objects viewed under a low magnifying power , the latter 
to ra hee era of small objects deen gel to be examined under 
objectives of (say) 1 ich or $ inch focus Another method which 
may be conveniently had recourse to when the microscope 1s pro 
vided with a swinging tail piece 18 to turn this on its pivot until 
the concave murror 1s brought above the stage, so that rays which 
it gathers either from natural or artificial sources may be reflected 
downwards upon the surface of the object 

The illumination of an opaque object to be seen with a higher 
sis than the } or 4 inch objectives was formerly provided for 

y a concave speculum (termed a Lieberkuhn after 1ts inventor), with 

a perforation in the centre for the passage of the rays to the obyec- 
tive to which 1t 18 fitted,—the curvature of the speculum being #0 
adapted to the focus of the objective which carries 1t that, when 
the latter 18 duly adjusted, the rays 
reflected upwards around the object 
from the mirror to the speculum 
shall converge strongly on the ob 
ject The various disadvantages of 
this mode of illumination, however, 
have caused 1t to be now generally 
superseded by other arrangements 
For powers between 14 inch and 
y‘s Inch, and even for a } or $ inch 
of small angle and good working 
distance, nothing 1s 80 convenient 
as the parabolic speculum or side 
ulumimator (F, fig 17) mvented by 
the late Richard Beck This 18 
attached to a spring clip that slides 
on the tubes of low power objec 
tives, so that its distance from the 
object and the direction of its re 
flected pencil are readily adjusted , Fic 17 —Bech s Parabolic Side- 
and for use with higher powers it Jlummator, with Crouchs 
may be either mounted on asepar Adapter 
ate arm attached to some part of the stand of the microscope, or 
may be hung in the manner shown m fig 17 from an “adapter ” 
A interposed between the objective and the body By rotating 
the collar B and making use of the joints C, C, the lengthenmng 
rod D, and the ball and socket 1, any position may be given to the 
speculum F that may best suit the objective with which 1t 1s used 

When, however 1t 13 desired to UJuminate objects to be seen under 
objectives of high power and very short working distance, side 
illumination of any kind becomes difficult, though not absolutely 
impossible ,4 and vamous modes have been devised for the lumina 
tion of the object by means of light sent down upon it, through 
the objective, from above This 1s done 1m the vertical lluminator 
of Messrs Bech (hg 18)—the ongmal idea of which was first 
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Fic 18 —Bech’s Vertical Ilummator 


given by the American Professor H LL Smith—by a disk of 
thin glass B, }, attached to a milled head by which its angular 
position may be adjusted, and introduced by a slot A, ¢ mto the 
untenior of an adapter that 1s inter between the objective C, d 
and the nose c of the body The lizht which enters at the lateral 
aperture A, @, falling upon the oblique surface of the dish C, 5, 18 
reflected downwards, and 1s concentrated by the lenses of the 
objectave upon the object beneath The lateral aperture may be 
aes with a diaphragm, with openings of different sizes, for 
iminishing the false light to which this method 1s hable , or a screen 
with a small aperture may be placed between the lamp and the 
ee a gee eee em ak ea 


1 See a method devised by Mr James Smith in Jour Roy Micros Soc , vol. ily 
S 188 p 398 
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illuminator, at any distance that 1s found to produce the best effects 
In using this :lumimator, the lamp should be placed at a distance 
of about 8 inches from the apertuie, and, when the proper adjust 
ments have been made, the image of the flame should be seen upon 
the object The illumination of the entire field, or the direction of 
the hght more or less to e1ther side of 1t, can easily be ae by 
the mterposition of a small condensing lens placed at about the dis 
tance of its own focus fiom the lamp The objects viewed by this 
mode of illumination with dry front objectives arc best uncovered 
since if they ate covered with thin glass, so laige a proportion of 
the ght sent down upon them 18 reficcted fiom the cover (especially 
when objectives of large nee of aperture are employed) that very 
little 15 seen of the objects beneath unless their reflective power 1s 
very high With immersion objectives however covered objects 
may be use] Another method of vertical 1llumination long since 
devised by Mr Tolles has 1ecently been brought ito notice by 
Profissor W A ei a of Boston (U S) It consists in the mm 
troduction of a smal) rectangular prism at a short distance behind 
the fiont combination of the objective so that parallel rays enter 
ing its vertical surface pass on letween its parallel hozontal sm 
faces until they meet the inclined surface, by which they are 
reflected downwards In passing through the front combination of 
the objective they are deflected towards its axis, but, as their 
angle of convergence 15 Iss than the angle ot divergence of the rays 
sroceeding fiom the object the reflected 12\s w.ll not meet in the 
focal point of the lens, but will be so distributed as to illuminate 
a sufhcicnt area By altering the extent to which the prism 1s 
pushed 1n, or by lifting or depressinz its outer end by means of a 
milled head screw, the field of 1]umimation can be regulated The 
working of this prism with immersion objectives 1s stated by Mi 
Tolles to be peculiarly satisfactory 
Black Ground Illumination —There are certain classes of objects 
which though sufficiently transyuent to be seen with light trans 
mitted through them, are best viewed when illuminated by ravs of 
such obliquity as not to pass directly into the objective,—such a 
proportion of these rays being 1ctained by the object as to render it 
self luminous, when, all direct light bemg cut oft the general field 
1s perfectly dark Tlis method is particularly effective in the case 
of such delicate mineral stiuctures as the siliceous tests of Poly 
cystina and the “‘fiustules of Diatomacee And it 1s one ad 
vanlege of this hind of lummation that it brimgs out with 
considerable effect the solid forms of objects suited to it, even 
when they are viewed monocularly Two modes of providing this 
Ulumination are in use, each of which has its special advantages 
One consists 1n placing a centra] stop either upon or immediately 
beneath a condenser of wide aperture, which shall cut off all rays 
save those that, after passing through the object (1s in fig 20), 
diverge at an angle greater than that of the objective used, so 
that, while the ground 1s darkened, the object 1s seen brightly 
standing out upon it But if the diversence of the rays 1s but 
moderate (say 60°), and the angle of the objective 1s large (say 
90°), the most divergent rays of the condenser will enter the mai 
ginal ables of the objective, and, the field not being darkened, 
the black ground effect will not be produced. This method 
has the gieat convenience of allowing black ground illumination 
to be substituted for the ordinary illumination under different 
powers, without any other change in the apparatus than the turning 
of a diaphragm plate fitted with stops of different sizes suitable to 
the several apertures of the objectives, and the modern achro 
matic condensers of wide aperture can be thus used with objectives 
of 120° angle 
An excellent black grou . illumination 1s also given by the para 
bolic illuminator (fig 19), omginally worked out as a silvered 
ulum by Mr Wenham, but now made as a paraboloid of glass 
t reflects to its focus the rays which fall upon 1ts internal surface 
A diagrammatic section of this instrument, showing the course of 
the rays through it, 18 given in fig 20, the shaded portion repre 
senting the paraboloid The parallel rays7,7, 7’ entering its lower 
surface perpendicularly, pass on until they meet its parabolic 
surface, on which they fall at such an angle as to be totally reflected 
by it, and are all directed towards its focus F The top of the 
paraboloid being ground out into a spherical curve of which F is 
the centre, the rays n emerging from 1t undergo no refraction, since 
each falls perpendicularly upon the part of the surface through 
which it passes A stop placed at S prevents any of the rays 
reflected upwards by the mirror from passing to the object, which, 
being placcd at F, 1s illuminated by the rays reflected into 1t from 
all sides of the paraboloid Those rays which through it 
diverge again at various angles , and if the least of these, GFH, be 
greater than the angle of aperture of the object glass none of them 
can enter it The stop 1s attached to a stem of wire, which passes 
vertically through the paraboloid anu termmates 1n a knob beneath, 
as shown in fig 19, and by means of this 1t may be pushed 
upwards, so as to cut off the less divergent rays in their 
towards the object, thus giving a black ground illummation wit 
objectives of an my Oe wperture much wider than GFH In using 
the paraboloid for delicate objects, the rays which are made to enter 
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it should be parallel, connenuently the plane mirror should alway 
be employed , and when, instead of the parallel rays of dayhght, we 
aie obliged to uso the dix rging 
rendered as parallel as possible previously to 
the muror, by the 
interposition of the 
‘bullseye so ad 
justed as to produce 
tlus effect Thue are 
many cases however, 


rays of a lamp, these should be 
er reflexion from 
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in which the stronger hight of the concave mirioi 1s preferable 
When it 1s desired that the ght should fall on the object from one 
side only, the circular 0} ening at the bottom of the wide tube that 
caries the paraboloid may be fitted with a diay hragm adaj ted to 
cover all but a ceitain portion of it, and by giving rotation to 
this diaphragm, rays of great obliquity may be made to fall upon 
the object trom evel azimuth in succession 

In order to adapt this paraboloid to objectives of very wide angle 
of aperture, a special modification of 1t, orginally devised by Mr 
Wenham, has been latteily reintroduced under the designation ot 
‘“;immersion paiaboloid, with most exccllent effect his consists 
in making the top of the paraboloid flat instead of concave and in 
interposing & film of | eats between its suiface and the under 
surface of the glass shde cairying the object Onlv 1a5s of such 
extreme obliquity are allowed to pass into the slide as would be 
totally reflected from 1ts under surface 1f mad fell upon 1t through 
air, and, as these illuminate the object without passing into the 
objective, 1t can be thus examined under cven the highest powers 
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Stereoscome Binoculars —The admirable inveution of the stereo- 
scope by Professor Wheatstone has led to a general apprecia- 
tion of the value of the conjoint use of both eyes, in conveving to 
the mind a conception of the solid forms of objects euch as the 
use of either cye singly does not generate with the hke elec | or 
effectiveness (see STEREOScoI!) This conception 1s the product 
of the mental combination of the dissimilai peispective projections 
which our mght and left 1etine reccive of any object that 1s suffi- 
ciently near the eyes for the formation of two images that are sen- 
sibly dissimilar Now it 1s obvious that a similai difftrence must 
exist between the two perspective mojections of any objcct 1n relief 
that are formed by the mght and left halves of a microscopic ob 
jective and that this difference must increase with the angular 
aperture of the objective And the fact of this difference may be 
easily made apparent experimentally, by adapting a semicircular 
“stop to any objective of fiom 20° to 30° angle in such @ manner 
that it can be turned so as to cover either its mght or its left half; 
for not only will the two umages of any projecting object formed by 
the rays transmitted through the two uncovered halves be found 
sensibly different, but, if they be photographed or accurately drawn, 
the ‘ paring” of their pictures in the stereoscope will bring out 
the form of the object in vivid relief Whats needed, therefore, to 
give the true stereoscojuc effect to a binocular microscope 18 8 means 
of so bisecting the cone of rays transmitted by the objective that 
its two iateral halves shall be tiansmitted the one to the nght and 
the other to the left eye, and that the two images shall be crossed 
(the mage formed by the nght half of the objective berng sent to the 
left eye, and that formed by the left half of the objective being sent 
to the nght eye) in order to neutralve the reversing effect of the 
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prominences It was from a want of due appreciation of this fact 
that the earlier mcr See at constructing a stereoscopic binocular 
gave representations of objects placcd under it, not in their true 
orthoscopic, but in their peeudoscopie aspect This was the 
case, for example, with the binocular mucroscope first devised by 
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Professor Riddell of New Orleans in 1851, which separated the cone 
of rays by a pair of rectangular prisms so placed edge to edge above 
the objective that the rays passing through its nght half were 
reflected horizontally to the nght side, to be changed to the vertical 
direction and sent to the nght eye by a lateral rectangular piism, 
while the rays fiom the left half of the objective were sent to the 
left eye in a similar manner Professor Riddell describes the 
conversion of relief produced by this arrangement with the 
ordinary eye piece as making 2 metal spheiule aj pear as a glass 
ball silvered on the under side and oo 
a crystal of galena lhe an empty 
box And to render the images 
normal and natural he found 
himself obliged to use erecting eye 
pieces, which should produce a second 
reversal of the images that had been 
reversed in their first formation ! 
Subsequently, however Professor 
Riddell devised and perfected another 
allangement giving a tiue o1thoscc pic 
etlect, which, after being long disie 
girded, has been latterly taken up 
and brought into use by Mr Stephen 
sou The cone of rays yas nz up 
waids from the objective mects a 
pair of prisms (A, A fig 21) fixcd 
immediately above its bach lens 
which divides it ito two halves 
each of these 1s sul jected to inteinal 
reflcxion from the inner side of the 
pnsm throuzh which it yass s, and 
the sh tht separation of the two prisms 
at their upper end gives to the two 
pencils B,B on then emergence from the ujyer surfaces of the 
prisms, a divergence which duccts them throngh two obliyuely 
placed bodies to their respective eye pieces ly this internal 
refluxion a lateral reversal 1s produced, which neuttalizes that of 
the ordinary microscopic ymage so thit while each eye receives 
the 1m ge formed by its own half of the objective the pauing 
of the two pictures produces a true o1thoscopic effect * 

About the same date MM Nachet of Pans succeeded in devising a 
binocular that should give a true orthoscopic mage, by placing above 
the object Le an equiangular prism (P fig 22) with one of its sur 
faces parallel to its back lens, 
which, receiving the pencils ab o 
forming the right half of the 
cone, internally reflects them 
ebianely upwards to the left, 
and in like manne: reflects the 
pencils ad from the left half of 
the cone obliquely upwards to 
the nght These pencils, pass 
ing out of the left and nght 
oblique faces of the pmsm at 
nght angles (so as not to undergo 
either 1efraction or dispersion) 
enter mght and left lateral 
prisms, also at right angles, and, 
after being internally reflected 
by these, pass out vertically, at 
mght angles to their upper sur 






Fig 21 —Pildell: Binocular 
Ziisms 
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faces, through two parallel bodies a b 

{fig 23), whose eye meces bring 

them to a focus im the mght Fic 22 —Nachets Binocular 
and left eyes respectively The Prisms 


distance between these bodies may be adjusted to the varying 
distances between the axes of individual pairs of eyes, by adjust 
Ing screws at their base, which vars the distance of the lateral 
prisms from the cential This instiument gives a theoictically 
perfect representation of a microscopic object in relief as it would 
appear if enlarged to the size of 1ts 1mage and brought to within 
about 10 inches of the eye and its chief pirctical detect 1s that, 
as the two bodies are parallel, instead of being slightly conveig 
ent, it cannot be continuously used without an uncomfortable 
strun But, as its performance depends upon the accuracy of the 
seven plane surfaces of the three prisms, and on the correctness of 
the relations to each other, 1t 1s able to considerable error from 
imperfections 1n 1ts construction , and, as the instrument cin only 
be used for 1ts own special purpose, the observer mupt be provided 
with an ordinary single bot microscope for the examination of 
objects unsuited to the powersof the binocular This last objection 

epplies also to Professor Riddell’s model 
t was for these reasons that Mr Wenham, fully impressed with 
the advantages of stereoscopic vision to the microscopist, set himself 
1 See Silliman Journal vol xv 1858, p 68, and Quart Jour of Micros 


Her vol 1, 1853, p 236 
Quart Jour of Micros Sei, vol il, 1854 p 18 
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to devise a construction by which 1t might be obtaimed without the 
drawbacks mevitable in the working of Riddell sand Nachet s instru 
ments, and he soon succeeded 1m accomplishing this on a plan which 
has pioveu not only convenient but practically satisfactory, notwith 
standing its theoretical im 
erfection Only the nght 
ialf of the cone of rays jo 
ceeding upwards from the 
nght half of the objcctive 
(a, fig 24) 1s intercepted by 
@ prism placed immediitely 
over that half of 1ts back lens 
which, by two internal re 
flexions (as shown in fig 25) 
sends its pencils obliquely 
upwaids into the left hand or 
secondary body L, whilst the 
pencils of the lett half cone 
pass uninterruptedly into the 
1ght hand body R and form 
an mage that suffeis no othcr 
deteiloration than that which 
1csults fiom the halvin, o. the 
angular aperture and the con 
scjuent loss of hyght The 
mo le1ate conveigence cf the 
two bodies (which, by vaiying 
the angles of the yrism may 
be nia Id gieater or less so as 
to accord with the ordinaiy £ 
convergence of the optic axes = 
m the mdividual observer) 18 
much mote generally suitable 
than the parallelism of MM 
Nachets carher mstrument, 
and the a ljustment requisite for variation of distance between the 
eyes cin be made ly simply lengthening or shortening the bodies 
by drawing out o1 yushing in the diverging =L 
eye plects 

It max be fairly objected to M: Wenhams 
method (1) that as the ravs which pass 
through the prism and are obliquely 1eflected 
into the secondary body tiaverse a longer 
distance than those which pass on uninte1 
ruptedly into the principal body the image 
formed by them will be somewhat larger than 
that which 1s formed by the other set and (2) 
that the image formed by the rays which have 
been subjected to the action of the prism must 
be inferior in distinctness to that formed by 
the uninterruptel half of the cone of rays 
But these objections aic found to have no 
practical weight For it 1s well known to 
those who have expe1mmented upon the phe 
nomena of ste1coscopic vision (1) that a shght 
difference 1n the size of the two pictues 1s no 
bar to then perfect comLination, and (2) that, 
if one of the pictures be good, the full effect 
of relief 1s given to the image, even though 
the other picture be faint and imperfect, pro 
vided that the outlines of the latte: are sufh 
ciently distinct to represent its perspective 
projection Hence if instead of the two 
equally half good pictures which aie obtain 
able by MW Nachets original construction 
we had in Mr Wenhams one good and one Fic 24 —Wenhams 
indifferent j1cture, the latter would be de Stereoscopic Bin 
cidedly preferable But, in pomt of fact, the _ ocular Microscope 
dete1ioration of the second picture in Mr Wenhams arrangement 
is less considerable than that of both pictures im the onginal 
arrangement of MM Nachet, so that the optical performance of 
the Wenham binocular 1s im every way superior It has, in addi 
tion these further advantages over the preceding —first, the 
greater comfort in using 1t (especially for some length of time 
together) which results from the convergence of the axes of the 
eyes at their usual angle for moderately near objects, second, that 
fs binocular arrangement does not necessitate a special instrument 
but may be applied to any microscope which is orale of carry 
ing the seer of the secondary body,—the prism being so bxd 
in a movable frame that 1t may in a moment be taken out of 
the tube or replaced therem, so that when it has been removed the 
principal body acts in every respect as an ordinary microscoje, 
the entire cone of rays passing uninterruptedly into it , and, third, 
that the simplicity a construction renders its derangement 
almost rmpossible Hence it 1s the one most generally preferred 
by microscopists who use the long bodied En model 

For short bodied Continental microscopes, however, MM Nachet 
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fic 23 —Nachet s Binocular 
Microscope 
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have devised an arrangement of two pmsms, based on Mr Wenham s 
fundamental 1dea of colchie one half of the cone of rays into a 
secondary body, whilst the other half proceeds onwards without 
change of direction into the principal body And it 1s an interest 
ing feature in this construction that, by 1 simple change m the 
position of the dividing piism, the true ‘ orthoscopic image may be 
made bya ‘conversion of relief, to become ‘‘ pseudoscop + 

‘The effect of stereoscopic projection may be attained, however, 

without a double body, by the insertion of a suitably constructed 
binocular eye ptece into the body 
of any o: linary monocular micro 
scop. A plin of this kind was 
first successfully worked out by 
M: [olles (the very able optician 
of Boston United States), who 
interposed a system of prisms 
similar to that devised by MM 
Nachet (hg 22), but on a much 
larger scale between an ‘erector 
(resemblin that used m the eye 
piece of a day telescope) and a pair 
of ordinary Huy zenian eye pieces, 
the central or dividing pmsm 
being pliccd at or near the plane 
of the secondary image formtd by 
the ercctor, while the two eye 
pieces are placed immediately Hie 28 meena SPinouar 
above the lateral prisms,—the 
combination thus making that division in the pencils forming the 
secondary (c1ected) image which it makes in the Nachct binocular 
1n the pencils emerging from the objective 

A stereoscopic eye piece of a very different consti uction has been 
recently devised by Professor Abbe who, making use, for the 
division between the two eye pieces of the 1a\s going to form the 
first image, of an artangement of prisms essentially similar to that 
devised by “ir Wenham for his non stereoscopic binocular (fig 27), 
obtains either an orthoscopic or a pseudoscop c etlect by placing 
on each eye piece a cap with a semicircular diaphragm, so as to 
extinguish halt of each of the cones of rays that form the two 
retinal mages While in one position of the diaphragms tiue 
stereoscopic o1 orthoscopic ielief 1s given, it 13 sufhcient to tuin 
the dinpheawens into the opposite position to obtain a pseudo 
scopic conversion It appears however, that this arrangement 
though possessing points of great intcest mm relation to the theory 
of binocular vision, 1s not likely to supersede the o1dinary Wenham 
rism 
a it must be obvious to every one who studies with sufficient 
attention the conditions unde: which true stereoscopic reliefcan be 
given that no combination of two dissimilar retinal perspectives 
can be satisfactory unless the visual pictures represent with tolerable 
distinctness the features of the object that lie in different focal plancs 
This 1s provided for im ordinary vision by the power of accommo 
dation posscssel by the eye which while focussed cxactly to any 
one plane can also include in its visual picture (within celtain 
limits) what 1s either ncarer or more remote Now it seems prob 
able that, as Professor Abbe has urged this power of accommoda 
tion comes into play in microscopic stereoscopy, but there can be 
no question that the visual distinctness of the parts of an objcct 
lying within and beyond the focal plane and therefore the com 
cag of the stcreoscopic image, mainly depends upon the ‘‘ focal 
epth of the objective employ ed,—which, as already explained, 1s 
a function ofits angular aperture When, however objectives of long 
focus and smal] aperture are employed in binocular microscopy, 
although each of the two perspective projections may be fants 
distinct throughout, the effect of sohd hef will be very incon 
siderable, because the pictures are not sufficiently dissimilar to one 
another ~—the case being exactly analogous to that of the stereo 
scopic combination of two photographic portraits taken at an angle 
of no more than a few degrees from each other Still with an 
objective of 14 inches focus and an angular aperture of fiom 15° to 
20°, a very distinct separation is made of the focal planes of tans 
parent sections of structures having no great minutencss of detanl 
—such, especially as injected preparations —the solid forms cf 
their capillary networks bemg presented to the minds eye with a 
wividness that no monocular representation of them can afforl 
When a 1 inch objective of 20° or 2u°1s used the stereoscopic effect 
becomes much more satisfactory so that objccts of moderate pro 
jection (such as many of the siliceous Jolycystina, Dratomacee 
&ec ) can be seen in nearly their natural projection an, if the focal 
adjustment 1s made for a medium plane, with tolerable distinctness 
both of their nearer and 1emoter p rts With a #.inch of 80° or 
85°, the stereoscopic relief becomes more pronounced , but the 
dumimuton of the focal depth |e the several plants of objects 
1n strong relief from being as distinctly seen at the same time A 





1See Trans of Roy Mtcrus Soc NS vol xv 1867 p 10> and Monthly 
Mecros Jour vol i 1869 p 31 
3 See Jour of Roy Micros Soc 2d ser vol { 1881 p 288 
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4 inch objective of about 40° of aperture, however, affords the most 
satisfactory results with suitable objects,—full stereoscopic relief 
beng gamed without exaggeration, so as to present, eg, the 
discoidal diatoms and the smaller Polycystma 1m their true forms, 
whilst their nearer and more remote parts are seen with sufficient 
distinctness to require only a very slight adjustment of the focus 
for their perfect definition Still more minute objects may be well 
shown by y4ths and 3th objectives whose angular aperture does 
not exceed 50°, but it can be shown both theoretically and 
practically * that the dissimianty of the two perspective projections 
of objects in rehef formed by objectives of any angle much exceed 

ing 40° 1s such as to exaggerate the stereoscopic effect, besides 
which, every apr: gate ot angular aperture so greatly damimshes 
the focal depth of the objectives that only those parts of the objects 
which lie very near the focal plane can be seen with distinctness 
sufhcient for the formation of a good stereoscopic umage Hence, 
for the purposes of minute histological research, the stereoscopic 
binocular 1s (in the present witers opmion) almost valueless , 
since, 1f any distinct perspective differentiation can be gained with 
objectives of the short focus and enlargcd angle that are most 
suitable to such investigations, that differentiation will be so great 
as to produce a highly exaggetated stereoscopic eflect If such 
objectives be used binocularly at all, they must be so mounted that 
their back lenses are in very close proxumity to the prism, and the 
(transparent) object must be illumimated by an achiomatic condenser 
of sufhcient aperture to send through it pencils of sufiiient diver- 
gence to produce the secondary image 

In regard to the advantage derived from the use of the stereo 
scopic binocular, with the powers and upon the otjects, suitable to 
produce the true effect of solid form, the writer can unhesitat 
ingly assert, as the result of a long and varied experience, that 
in no other way could he as ceitainly or as vividly image those 
forms to himself, and that 1n prolonged work upon such subjects 
he 1s conscious of a gieat saving of fatigue, which seems attributable 
not merely (perhaps not so much) to the conjoint use of both eyes 
as to the absence of the mental eflort required foi the interpretation 
of the microscopic picture, when the solid form of the ob,ect has to 
be ideally constructed from it (chiefly by means of the information 
obtainable through the focal adjustment), instead of being duectly 
presented to the minds eye * 

Jon Stereoscope Binoculars —The great comfort which 1s expen 
enced by the microscopist in the conjoint use of both eyes has led 
to the invention of more than one airangement by winch this can 
be secured when those ligh powers are requned which cannot be 
employed with the ordinaiy stereoscopi binoculat 
This 1s accomplished by Messrs Powell and Lea 
land by taking advantage of the fact that when a 
pencil of rays falls obliquely upon the surface of 
a refiacting medium a part of 1t 1s reflected with 
out entering that medium at all In the place 
usually occupwed by the Wenham ptism they 
interpose an inclined plate of glass with patallel 
sides, through which one portion of the rays pro 
ceeding upwards fiom the whole aperture of the 
objective passes into the principal body with very 
httle change 1n 1ts course, whilst another portion 
is reflected from its surface into a rectangular 
prism so placed as to direct it obliquely upwards 
Although 
there 1s a decided difference in brightness between 
the two images, that formed by the reflected rays 
being the fainter, yet there 1s marvellously little 
loss of defimtion in e1ther, even when the inch hig 26 
objective 18 used The disk and prism aie fixed 1e 
in a shoit tube, which can be readily substituted 1m any ordinary 
binocular microscope for the one containing the Wenham puism 

Other ariangcments were devised Jong ago by Nr Wenham,° with 
a view to obtain a greater areae in the amonnt of light rays form 
ing the two pictures , and he has latterly 
earned one of these into practical cffect, 
with the advantage that the compound 
prism of which 1t consists has so neaily 
the same shape and siz as his ordinary 
stercoscopi. prism as to be capable of 
being mounted in precisely the same 
manner, so that the one nay be readily 
exchanged for theother Thc axial raya, 
proceeding upwards from the objective, 
enters the pusm ABDEF ‘hg 27) at 
mght angles to 1ts lower face and passes 








Fig 27 


on to ¢, where it meets the incimed face AB, at which this prism 
13 nearly im contact with the oblique face of the nght angled 





3 See The Mic) oscope and sts Rerelatvons 6thud pp 42-44 
44 very elabmate investigation by Prefessor Abbe ‘ On t 
Orthoscoplc and Pseudoscopic Cffects in the Binocul r Microscope. 
in the Jour of the Roy Micros Soc 2d ser vol i 1881 p 203 

5 Troqesnetions of the Muros Soc, § vol xiv 1866 p 108 
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prism ABC By internal reflexion from the former and external 
reflexion from the latter about half the beam 6 18 reflected within 
the first prism in the direction cb, while the other half proceeds 
straight onwards through the second prism, in the direction ca, 
80 as to pass into the principal body Lhe reflected half, meeting 
at d@ the oblique (silvered) surface DE of the first pnsm, 18 again 
reflected in the direction db, and, passing out of that prem per 
ndicularly to its surface AF, proceeds towards the secondary 
ody The two prisms must not be in absolute contact along the 
plane AB, since, if they were, Newtons mngs would be formed , 
and much nicety 1s requued m their adjustment, so that the tno 
reflexions may be combined without any bluriimg of the umage in 
the secondary body 
For the poe observation, under high powers, of objects not 
requiring the extreme of perfection in definition, —such, for example, 
as the study of the cyclosis in plants,—great advantage 1s gained 
from the conjoint use of both eyes by one of the above arrangements 
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The optical arrangements ong hich the working of the compound 
achromatic micioscope depends having now been explained, we have 
next to consider the mechanical provisions whereby they are brought 
to bear upon the different purposes which the instrument 1s destine 1 
tonerve Lyery complete mictoscope must posscss, 1n addition to the 
lens or combmmation of lenses which affords its magnifying power, a 
stage whereon the object may securely rest, a concave muror for the 
ulumination of transparent objects trom beneath, and a condensing 
lens for the illumination of opaque objects from above 

1 Now, in whatever mods Hikes may be connected with each 
other, it 1s essential that the optical part and the stage should be 
so disposed as either to be altogether free from tendency to vibra 
tion or to vibrate together , since it is obvious that any movement 
of one, 1n which the other does not partake, will be augmented to 
the eye of the observer in proportion to the magmitying power 
employed Ina badly constructed mstrument, even though placed 
upon a steady table resting upon the firm floor of a well built house, 
when high powers are used, the object 1s seen to oscillate so rapidly 
at the slightest tremor—such as that caused by a person sralleinge 
across the room, 01 by a carriage rolling by in the street—as to be 
frequently almost indistinguishable , whereas 1n a well constructed 
instrument scarcely any peiceptible effect will be produced by even 
greater disturbances ence in the choice of a microscope, 1t 
should always be subjected to this test, and should be unhesitatingly 
rejected if the result be unfavourable If the instrument should be 
found free from fault when thus tested with high powers its 
steadiness with low powers may be assumed, but on the other 
hand though a microscope may give an ae free from perceptible 
tremor when the lowe: powers only are employed, 1t may be quite 
unfit for use with the higher The method still adopted by some 
makers, of supporting the body by its base alone 18 the worst 
possible especially for the long body of the laige English model, 
since any vibration of its lower part 1s exaggerated at its ocular end 
The firmer the support of the body along its length the less tremor 
will be seen in the microscopic image 

2 The next requisite 1s a capability of accurate adjustment to 
every Metaae| of focal distance, without movement of theobject It 
18 a principle universally recognized in the constuction of ? 
microscopes that the a whereon the object 1s placed should be 
a fixture, the movement by which the focus 1s to be adjusted being 
given to the optical portion This movement should be such as to 
allow free range from a minute fraction of an inch to three or four 
inches, with equal power of obtaining a delicate adjustment at any 
part It should also be so accurate thit the optic axis of the mm 
strument should not be in the least altered by any movement in a 
vertical direction, so that, 1f an object be brought into the centre of 
the field with a low power, and a higher power be then substituted, 
the object should be found in the centre of its field, notwithstand 
ing the great alteration in the focus In this way much time may 
often be saved by employing low power asa “‘finder for an object to 
be examined by a higher one, and when an object 1s being viewed 
by a succession of powers little o1 no readjustment of its place on 
the — should be required A rack and pimion adjustment, if it 
be made to work both tightly and smoothly, answers sufficiently 
well for the focal adjustment, when objectives of low power only are 
employed But for any lenses whose focus 18 less than half an inch 
a ‘fine adjustment, or ‘‘slow motion, by means of a screw move 
ment operating either on the object glass alone or on the entire body 
(preferably on the latter), 1s of great value, ind for the highest 
powers 1f 1s quite indispensable —_It 1s essential that in this motion 
there should be no ‘‘lost time,’ and that its working should not 
produce any ‘‘twist’ ordisplacement of the image In some micro 
scopes which are provided with a fine adjustment the rack and 
pinion movement 1s dispensed with, the ‘‘coarse adjustment being 
given by merely sliding the body up and down in the socket which 
grasps it, but this plan is only admissible where, for the sake of 
extreme cheapness or portability, the instrument has to be reduced 
to the form of utmost simplicity, asm figs 28, 29 
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8 Scarcely less amportant than the preceding requisite, in the 
case of the compound por ant especially with the long body of 
the ordinary English model, 1s the capability of being placed 1n either 
a vertical or a houizontal position, or at any angle with the horizon, 
Without deranging the adjustment of its parts to each other, and 
without plaving the eye piece nm such a position as to be mcon 
venient to the observer It 1s certainly a matter of surprise that 
some microscopists, especially on the Continent, should still forego 
the advantages of the inclined position, these being attainable by a 
very smal] addition to the cost of the instrument, but the mcon 
venience of the vertical arrangement 1s much less when the body 
of the microscope 18 short, as in the ordinary Continental model, 
and there are many cases in which it 1s absolutely necessary that 
the stage should be horizontal This position, however, can at any 
time be given to the staze of the inclining microscope, by bringing 
the optic axis of the instrument into the vertical direction In 
ordinary cases, an inclination of the body at an angle of about 55° 
to ihe, aren will usually be found most convenient for uncon 
strained observation, and the instrument should be so constructed 
as when thus inclined, to give to the stage such an elevation above 
the table that, when the hands are employed at it, the arms may 
rest conveniently upon the table In this manner a degree of 
support 15 attained which gives such free play to the muscles of the 
hands that movements of the greatest nicety may be executed by 
them, and the fatigue of long continued observation 1s greatly 
dimmished When the ordinary camera lucida! 1s used for drawin 
or measuring, 1t 1s requisite that the microscope should be plac 
horizontally It ought, therefore, to be made capable of every such 
vaiiety of position , and the stage must of couise be provided with 
some means of holding the object, whenever it 18 itself placed in 
such a position that the object would slip down unless sustained 

4 The last principle on which we shall here dwell, as essential 
to the value of a microscope designed for ordinary work, 1s simph 
uity in the construction and adjustment of every part Many m 
genious mechanical devices have been invented and executed for 
the purpose of overcoming difhculties which are in themselves really 
trivial A moderate amount of dexterity in the use of the hands 18 
sufficient to render most of these superfluous , and without such 
dexterity no one, even with the most complete mechanical facilities, 
Will ever become a good microscopist ere 15, of course, a limit 
to this symplification , and no ariangement can be objected to on 
this score which gives advantages in the examimation of difficult 
objects, or in the letermination of doubtful questions such as no 
simpler means can afford The meaning of this distinction will 
become apparent 1f it be api lied to the cases of the mechanical 
stage and the achromatic condenser For, although the mechanical 
stage may be considered a valuable aid in observation, as facilitating 
the finding of a mimute object or the examination of the entire 
sutface of a large one, yet 1t adds nothing to the clearness of our 
view of either and its place may in great degree be supplied by the 
fingers of a good manipulator On the othe: hand, the use of the 
achromatic condenser not only contibutes very matenally, but 1s 
absolutely indispensable, to the formation of a perfect 1mage, in the 
case of man objects of a difficult class the want of 1t cannot be 
compensated by the most dexterous use of the ordinary apphances, 
and consequently, although 1t may fairly be considered superfluous 
as regards a large proportion of the purposes to which the micro 
scope 1s directed, whether for investigation or for display, yet as 
regards the particular objects just alluded to it 1s a no less necessary 
pait of the mmstrument than the achromatic objective itself 

As a tyical example of the simplest form of compound micio 
scope that 18 suitable for scientific research,—which, with vanous 
modifications of detail, 1s the one generally employed on the Con- 
tinent,—the Microscope de dissection et d observation (fig 28) of M 
Nachet, especially as constructed for portability (figs 29-31), seems 
particularly worthy of description In 1ts vertical form (fig 28) the 
sohd foot to which the muror 18 pivoted gives support to the 

ular F, to the top of which the stage P, hay mga - plate 
beneath it, 18 firmly attached On the top of this pillar the tubu 
lar stem A 18 fitted im such a manner that 1t may be removed oy 
unscrewing the large milled head L —though, when this is we 
screwed down, the stem stands quite firmly This stem bears at 
its summit a short horizontal arm, which carnes a strong vertical 
tube that firmly grasps the ‘‘ body ’ of the microscope, while per- 
mitting this to be easily shd upwards or downwards, so as to make 
a ‘‘coarse adjustment " of the focus The ‘‘fine adjustment 1s 
made by turning the milled head V, which either presses down the 
outer tube of the stem, or allows 1t to be raised by the upward pres- 
sure of a strong spiral spring nits mterior By unscrewing the 
milled head L, the stem A with its aim and compound bod can be 
detached from the pillar , and, a small hght arm H holding either 
single lenses or doublets being slid into this, a convenient dissecting 
microscope 1s thus provided The only drawback im the construc 

tion of this simple model 1s its not being provided with 8 joint for 


1 A camera Incida adapted for use with the vertical microscope has been de 
vised by M Nachet 
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the inclination of the boly but this 1s intioduced ito the port 


MICROSCOPE 


yieces to the distance between the eves of the observer 18 attached 


able form of the instrument s! own in fi, 29 the basal portion of toazaclei slide, which 1s so acted on by the large double mulled 


which (fig 30) can be us 1 lke that of the preceding modc] asa 
simyle microscope ani ty a most ingenious construction can be 
so folded as to he flat in a shallow caso (fg *1) that holds also th 
upper part with the objectives of both the sim} le atm and the com 





Fie 28 —Nachet » Combined Simple and Compound Microscope 


pomne body M Nachet now connects his objectives with the 
of his microscopes not by a screw but by a cylindncal fitting 
held in place by the jressure of a s} ring clip against a projecting 
shoulder ‘This method not only allows one objective to be re 
moved and oti by another much n ore readily than does the 
screw fitting but also renders the centriig of different objectives 
more exactly con 
formable It may 
be safely affirmed 
that a very large 
proportion of the 
microsco}1¢ work 
of the last half 
century which has 
given an entircly 
new aspect to bio 
logical science has 
been done by in 
struments of this 
simple Continental 


On ieee model, 
however was from 
the first a loy ted 
by Enghsh oj ti 
clans and as a 
tyy ical examyle of 
the general plan 
of construction 
now most followed 
both in England ~= 
and in the United =—__ 
States the m 

roved Jackson 

mayer mM 

a of Messrs Fic 29 —Nachet s Portable Com} ound Microscoy e 
Ross (fig 82) may be arpropriately sele ted The t11pod base of 
this instrument carries two pillais be ve n which 1s swung uyon a 
horizontal axis (capable of being fixed in any ] osttion by a tighten 
mg screw) @ solid ‘ limb, with which all the other yarts of the 
instrument are connected —a plan of construction originally devise | 
by “ir George Ja kson The binocular body having at 1ts lower end 
as in fig 24) an opening ito which either of the Wenham prisms 
ap beinserted and at its top a yack movement for adjusting the eye 








Fig 30 —Nictets Portable Dissecting Microscope on the left as set 
up for ut on the mght as having the stage P turne 1 back uy on the 
joint O so as to he flat on the bottom of the case 


head in the uj} er] ut of the hmbas to givea quicl upwarlor 
downwail motion to the body wiile the slow motion o1 fine 





Fic 31 —Nachet s Portable Comy ound and Dissecting Microscope 


as pached 1m case 


adjustment 1s given by means of the vertical miciometer screw at 
the back of the limb which raises or lowers a second slide behind the 
rack! The stage 18 
supported upon a 
firm ring which 1s 
ummovably fixed 
_ % to the hmb but 
to a strong conical 
pivot which passes 
thiou,h tlie limb to 
be clamped by a 
suiew nut at its 
back —the | uipose 
of this being to allow 
the whole stage to be 
inclined to one side 
o1 the other at any 
angle so that a solid 
aie may be viewed 
sileways o1 fiom 
below as well as 
from above Upon 
this ring the stage 
rotates horizontally, 
ifs angular move 
ment bems mea 
sured by a g1aduate” 
scale and vernier at 
its edge and it can 
be fixed mm any a1 
muth by a ee 
screw beneath Rect 4 
angular movement { 

1s given to the . 
tiaversing platform 

which caries the ob Fia 32 —Ross s Jackson Zentmayer Compound 
ect by two milled Micros ope 

beads on the night of the stage the whole construction of which 1s 
adapted to allow light of extreme ooliquity to be thrown upon the 
object from beneath. On the strong ynvot by which the stage uw 


1In the older form of construction still retained by some makers the fine 
adjustrr cit acts directly on the objective the fitting of which is made to slide 
up and down within the nose of tle body but this plan is attended with many 
disadvantages. 
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attached to the hmb (the axis of which passes through the pomt at 
which the object plane 1s intersected by the optic axis of the | 
san 18 hung the swinging tail piece invented by Mi Zentmaye of 
Philadelphia, which, carrying the whole wluminating apparatus, 
may be so set as to give to the axis of the illummmating pencil any 
required degree of obliquity To the upper part of it is attached 
a rack and pinion movement catrying the ‘substaze, which 13 
provided with two mulled headed sciews for centiimg it pies 

isely with the microscope body Into this may be fitted the 
achromatic condenser, parabolic illuminator, polaiizimg prism, or 
wy other kind of wluminating appaiatus whilst at its lowe: end 
it carnes the muzot, the position of which may be vanied by sliding 
its fitting up o: down the ‘tail piece, o1 by tnruing the amn 
which caizies 1t to one side or the other, while, if direct illumina- 
tion trom a lamp should be preferred it may be turned altogether 
aside By swinging the tail piece round above the stage oblique 
light may be reflected fiom the miio1, through the condenser, upon 
the upper: surfaces of objects ‘Lhe condenser usually fitted to 
this instiument 1s of about yy inch focus, with a large back Jens , 
behind which are placed an 11s guaphiagm for reducing the h ht 
to the cential rays, and a diaphiagm plate with ayertures of the 
va1ious forms most suited for the resolution of lined objects by 
oblique rays 

No instrument, in the wiiter s Julgment 1s bette: adapted than 
this for the highest purposes of micioseopical rescarch It works 
admirably with every powcr fiom the lowest to the highest, and 1s | 
capable of rectiving any one of the numerous fieces of apparatus 
which have been devised for special reseaiches of vaiious kinds 
The detailed description of these not being here admissible, it will 
be sufficient to indicate the polaziscope and the spectioscope as the | 
most important of these accessoz1es 


MICcROMETI 1 

The micioscopist has constant necd of some means of taking exact | 
measuremcnts of the dimensions of the minute objects o1 parts of 
objects, on the aruly of which he 1s engagcd, and the accuracy of 
the operation will of course be pioportioned to the correctness of 
the standard used, and the care with which 1t 15 apphed 

The instruments employed 1m microscopic miciometiy are of two 
kinds the measurement being taken in one by the 1otation of a 
fine screw with a diviled mille] head, whilst m the other 1 shp 
of glass 1uled with lines at fixe 1 distances gives a scale which forms 
a basis of computation J ach of these has its advantages and rts 
disaulvanta,zes 

The sta.e micrometer constructe 1 by Frinenhofer wis formerly 
much usei by Continental micioscupists, and has the advantage of 
mdicating the actual dimensions of the objects to be measured 
but it his the two special disadvantages that a sufficiently small 
valuc cannot be conveniently given to its divisions, and that any 
error in 1ts construction and working 1s augmented by the whole 
misnifying power employed This instrument has now, however, 
almost entirely given place to one of those to be next described 

The screw micrometer ordinaiily used in astronomical measure 
ments (see MICIOMFIE1) cin be adapted to the eye piece of the 
mi roscope 1n a mannet essentially the same as that 1n which 1t 13 
applied to the telescope,—its two patallel threads—of which one 1s 
fixed and the other mile to approach towards or recede fiom this 
by the turning of the screw—being placed 1n the focus of the eye 
aie and being therefore seen as lines crossing its field of view 

he object 1s so focussed that its —_ 1s formed in the same plane 
and the latter bcing biought into such a position that one of its ends 
or margins hes in optic: contact with the fixed line the screw 1s 
turne1 so 1s to bring the moval le line into the lke comcdence 
with the other But the dist ince between the lines 1s given by the 
number of divisions of the micrometer will here be the measure 
ment, not of the object itself but ofits magmiticd ma.e and the 
value of these divisions therefore will depcn i upon the amplifict 
tion given bv the particular objective usel ‘Thus suppose cach 
division of the m1 1ometer to have an actual valu of yyteath of an 
inch, and the visual 1mige to have one hundred times the lineu 
dimensions of the object the theoretical miciometiic value of each 
division would be y$yth of yy3zyth, or one mulionth, of an in h — 
a degiec of mmuteness however not practically attunable It 1s 
nectssa1y, Moreover, to determine the miviomctnie value of the 
divisions of the miciometi, not only for every olje tive but for 
vallations in the conditions under which that objective may Le 
employed, as regards the length of the tube o1 boly of the 
miciox ope, which 1s varied not only by the diiw tub but also 
in many cases in the woking of the fine aljustment o1 slow 
motion, and also, in the case of the larg: angle! powers furmshel 
with a ljustment for thickness of the covering gliss for the degree 
of separation of the front from the bach gl ses of the objcctive, 
which mahes a very sensible difference in its maznifying power 
This determination 1s made by means of a divided glass stage 
micr meter put in the place of the object, so that the lines ruled upon 
1t at fixed intervals shall be projected upon the field of view ‘Lhe 
stage micrometer 1s usually riled either to 1000ths of an mech or 
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100ths of a millimetre, and 1t 1s convenient that one of the divisions 
of 1ts image should be made to coincide exactly with a certain number 
of divisions of the screw micrometer This may be done by lengthen- 


‘ ing the draw tube, so as to increase the amplification of the scale 


until comeidence has been reached, and the exact amount of this 
lengthening should be noted,—as should also the precise position 
of the milled head of the slow motion (if 1t acts on the objective, 
instead of on the body as a whole), and of the adjusting screw colla 
ot the objective itself hus, if two lines of the stase-micrometer 
separated by 1000th of an mch be brought into coincidence with 
the two threads of the eye yece micrometer, separated ly foity 
divisions of the screw lal head, the value of each of those divi 
S10NS 18 gpbazth of aninch It the above conditions be precisely 
recorded for each otjective used 1n micrometiy, the micrometric 
value of the divisions remains the same for that objective, whenever 
it 1s employed unde1 the same conditions 

lhe errors to which miciometcrs are sutject arise (1) from in 
equalities in the ruling of the st ige micrometer, (2) from imegulan 
ties 1n the screw of the eye piece micrometer, (3) from ‘‘ lost ume 
in its woiking, and (4) fiom the thickness ot its threads = In order 
to eliminate the fust and second, 1t 18 well to dctermme the rela 
tion of the divisions of the two micrometers by the comparison of 
a considerable number of both, the thnd proceeds from an imper 
fection of workmanship which, if 1t shows 1tselt sensibly, entirely 
destroys the value of the instrument, while the fourth can be 
rectified by the exercise of shill and judgment on the part vf the 
obsuiver For, 1f the miciometet 1s so constructed as to read 2110 
when one thread lies exactly upon the othcr, its divisions indicate 
the distance between the axes of these thicads when sepurited and 
the dimensions of any object (such as a blood corpuscle) lying 
between their borders will obviously be too great by half the thick- 
ness of the two threads, that 1s, by the entire thickness of one 
thiead When on the other hand, the measurcment 1s being made 
(as of the distances of the stne on diatoms) by the cou cidence 
betwecn ceitain lines on the olject and the axes of the threads of 
the micrometer toe dimensions indicated by the divisions of the 
screw milled head will be concet 

fhe costliness of a well constructed screw miciometer beingea 
formidable obstacle to its general usc a simple: method (devised by 
Mi George Jackson) 1s moire commonly ado} ted which consists mn 
the iseition of a ruled glass scale into the focus of an ordimary 
Huygenian eye piece, so that its lines aie projected on the field of 
view — L his scale (:uled, like an ordinary measure, with ever fifth 
hne long and every tenth line double the length of the fitth) 1s 
fixed 1n a brass inner frame that has a slight motion in the direc 
tion of its length within an outer frame, and this last being intro 
duced through a pair of shits into the eye picce Just above the 
diaphiigm and being made to occupy the centre of the field, 1s 
biouzht exactly into focus by unscrewing the eye glass as far as 
may be requisite When the image of the object to be measurcd 18 
brought Ly the focal adjustment of the object glass into the same 
planc asmall pushing screw at the end of the nncrometer (whose 
action 1s antagonized by a spring at the othe end) i» turned until 
one of the long divisions ot the suvle 1s brought into optical contact 
with one edge of the image of the object to be measured, and the 
number of divisionsis thcn counted to its othe: edge —the operation 
being exactly that of laying rule across the real object if enlarged 
to the sive of its image = ‘Lhe nncrometnc value of each division of 
this eye piece scale must be c uetully ascertained for each objective, 
as in the case of the screw micrometer, the error alising from 1n 
equality of its divisions being eliminated as far as y ossible by taking 
an average of several The jrincipal point of inferoity im this 
form of micrometer 1s that, as its divisions cannot be made of 
neiily so small a value as those of the screw micrometer an 
estimate of .1actional } aits of them often becomes necessary which 
Is objectionable as involving an additionalsour «feror ‘Lo meet 
this objection, Hartnach has intrcduced the diaon il scale used in 
mathematical instiumtnts before the invention of the vernier 

Another mode of mahing mirometie measurements which for 
some purposes has consi lcrable advantages, 18 t> «my loy a stage 
micrometer in comLination with some form of camera lucida 
attached to the eve piece of the microscope so that the image of 
its divisions m1y lc projected upon the same surfice as that on 
which the image of the object 13 thrown + By tust u ing the mled 
stage inmiomete: and marking on the piper the avuiae distance 
of its lines as seen in the central put of the held and then ruling 
the paper accordingly the nmucrometnic value of the divisions so 
projccted may be exactly determined for the objective employe | ind 
the distance of the drawing plane from the eve pect —sothit when 
the image of any object 15 projected under the same conditi n» the 
dimensions of that mage or of any parts cfit can be cv actly measured 
upon the divided scale presiously projected, and the true dimen 
sions of the object thus ensily ascertamed If tor evamyle the 
lines of a stage mictometer rukd to the thousandth of in mch 
should, when thus projected fall it a distance of an inch apart, 
then the appheation of an ordinary scale of im hes (divided into 


_ tenths) to the image of an obiect projected by the same objective 
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and on the same plane would give ita real dimensions in 
thousandths of an a while the tenths of the inch scale would 
represent a real dimension of as many ten thousandths It 1s often 
desirable to make such measurements from careful tracings of the 
outlines of objccts rather than from the visual images,—this plan 
being especially advantageous when the exact dimensions of many 
polar objects have to be comyared, as in the case of blood cor 
puscks pr cise mcasurements of which are not unfrequently required 
in judicial inquiries It was by the use of this method that the 
late Mr Gulliver made his admirable series of measurements of the 
avera,e aud extreme dimensions of the blood corpuscles of different 
animals And more recently Mr Dallinger has shown,—by first 


MIDAS, king of Phry gia, 1s one of those half legendary 
heroes in whom religious legends have gathered round a 
real person The name Midas the king, MIAAI FANAKTEI, 
occurs on a very ancient tomb im the valley of the Sangarwus, 
the legendary seat of the Phrygian kingdom (Jad m1 
189) The Phrygian monarchy was destroyed by the 
Cimmerians about 670 Bc, and the last king Midas com 
mitted suicide by drmking bulls blood The name Midas 
became in Greek tradition the representative of this ancient 
dynasty, but all that 1s told of him 1s religious myth He 
1s a figure in the cycle of Cybele legends, the son of the 
goddess and her first priest He 1s also closely connected 
with the cultus of Dionysus, ike the two heroic personages 
Mars)as and Silenus The Midas legend was known on 
Mount Bermimus in Macedonia, and must at one time have 
existed in Greece, two cities Midea, in Argolis and in 
Bootia, recall the Phrygian city Midaium 

See Herod vin 138, Aen Anab,1 2,13 Paus 1 45 &c 

MIDDELBURG, in Holland, the ancient capital of the 
province of Zealand, situated m the middle of the island 
of Walcheren, 1s mentioned as early as 1153, and receives 
the title “town inacharter granted itm 1227 It has 
all the characteristics of an old and worn out place The 
population (25,000 in 1739) had sunk to 12,000 or 13,000 
by the begining of the 19th century, and has only begun 
recently to increase again, being 15,939 m 1882 The 
dwelling hyuses, which m 1739 were about 3800, are now 
but 3000, and of these about 600 are unoccupied ‘The 
vast warehouses and imposing mansions once belonging to 
wealthy families, which have either died out or left the 
place, call up the memory of that prosperity which Viddel 
burg enjoyed before its extensive trade, with the East and 
West Indies, with England and Flanders, was ruincd by 
the war with Lnzland and the French occupation By 
the opening of the railway (1672) and of the ship canal 
(1873) to Hlushing Middelburg was lifted out of its isola 
tion, and, with the assistance of the chamber of commerce, 
manufacturing industries (iron, machinery, furniture, oil 
cigars, dc ) were established , but the prosperity anticipated 


for Flushing, and consequently for Middelburg, remains | 


unreahzed One of the chief sights of Middelburg 15 the 
splendid town house, for the most part erected in 1512-13, 
with its front gable adorned with twenty five statues of 
counts and countesses of Holland and Zealand , 1t contains 
the archives, and a most valuable antiquarian and historical 
collection The abbey, begun in 1150, has frequently been 
the residence of royal visitors (Maximilian, Philp the Farr, 
Charles V_andso on dewn to Napoleon I, and William J , 
If, and III) part of it 15 now an hotel, and part of it 15 
occupied by the provinual authoritics ‘Lhe great hall of 
the building, in which the states of Zciland assemble, 1s 
adorned with beautiful ta estres by Jan de Maccht, repre 
senting the heroic feats of the men of Zealand im the 
contest with Spam What was formerly thc nave of the 
abbey church 18 now the New Church, and the ancient choir 
constitutes the Choir Church The former contains a fine 
pulpit resting on au eagle, the monument of Wiliam, king 


MID—MID 


making a very fine camera lucida tracing of Bactersusm terme 
under an amplification of 2000 diameters, and measuring the breadth 
of its body in the mode above indicated (which gave it a% yptygth 
of an chi, and then by magnifying his tracing from five to ten 
diameteis, and comparing, by means of the screw micrometer, the 
breadth of the flagellum with that of the body (which last proved 
to be just ten tumes as oa) oe although the theoretical limit 
of resolving power for closely approximated lines 18 yzgsygth of an 
mch a semitranspaient filament whose breadth 1s not greater than 
zodrveth of an inch may be clearly discerned, and even measured 
with a close approximation to accuracy (Jou of Royal Micros, 
Socvety, vol 1, 1879, p 169) ‘W BC) 


of the Romans (d 1256), and the tombs of Jan and 
Cornelis Evertsen, two naval heroes who fell in the war 
against England in 1666, the latter has the monuments 
of the learned Hadrian Jumus and of Jan Pieterszoon 
The provincial cout, the corn exchange, the Hof St Joris 
and the Hof St Sebastian (formerly buildings belonging to 
the guilds of archers, and now places of amusement) deserve 
mention The great museum of Zealand antiquities, col 
lected by the Zealand Society of Arts and Sciences (founded 
at Flushing in 1769 and transferred to Middelburg in 
1801), shows that the town 1s the intellectual centre of the 
province 
The principal facts in the history of Middelburg are the sieges by 
the Flemings mm 1288 1296 and 1303 (the last resulting in the 
capture of the town by Guy of Damjieire) the recovery of the 
town fiom the Spaniards in 1574, afte: an investment of nearly two 
years the frequent disturbances among the townsfolk in the 17th 
and 18th centuiics the sunendei to the English in 1809 and the 
arrival and departure of the French in 1809 and 1814 
MIDDLEBOROUGH, a town of the United States, in 
Plymouth county, Massachusetts, 34 miles south of Boston 
It has a handsome town hall and a public library, manufac 
' titres woollen goods, straw goods, shovels, shoes, carriages, 
&c, and in 1880 had 5237 inhabitants 
MIDDLESBROUGH, situated near the mouth of the 
Tees, on its south bank, in the North Riding of Lorkshire, 
has now become the principal scat of the Inglosh iron 
trade It 1s a municipal and parhamentary borou,h, 
locally governed by a mayor and corporation, and returns 
a member to parhament The carlier history of the place 
is meagre Where Middlesbrough now stands (Gravess 
History of Cleveland) there were at one time a small chapel 
and priory founded by Robert de Brus of Skelton Castle 
‘These were dedicated to St Hilda, and with some lands 
were given by De Brus to the abbey of St Hilda at Whitby 
in 1130 The priory fell into ruins at the time of the 
Refoi mation, and no trace now remains beyond some stones 
built into the wall of a brewery The mayors chau also 
is made from a fragment In 1801 there were upon the 
site of Middlesbrough only four farmhouses In 1829 
company styling itself the Middlesbrough Owners bought 
500 acres of land, aud commenced building the town In 
1830 the Stockton and Darlington Railway was extended 
from Stockton to Middlesbrough , four ycars later the town 


was hghted with gas, and after six years more a public 


| market was established The census of 183] showed the 


population to be 154, that of 184] showed 5709 In 
1842 the opening of the docks gave additional importance 
to the town Turst contaming an area of 9 acres, they 
were extended in 1872 to 12 acres, with 1700 feet of 
quays Vessels of 3000 tons burden can be accommodated 
From the year 1851, when J Vaughan discovered the 
presence of ironstone in the Eston Hulls, the town advanced 
with rapid stridcs When the jubilee of the town was held 
in 188] (a year late) the population had nsen to 55,934, 
the area to 2731 acres, and thc rateable value to £140,000, 
the population of the parbamentary borough (area 4715 
acres) bemg 72,145 In the district there are upwards of 
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130 blast furnaces, besides large ron and steel works, and 
the Thomas Gilchrist process of making steel promises for | 
Middlesbrough importance in the future as a steel entre- 
pot The make of pig tron in 1880 was 1,991,032 tons 
There are also shipbuilding, potteries, chemical works, and 
a salt trade Middlesbrough 1s well laid out, nearly all 
the streets lying at mght anzies to one another Many of 
the churches and the exchange are handsome buildings, 
while the station of the North Eastern Railway 1s probably 
the finest n the north of England A splendid park of 72 
acres, the gift of the late H F W Bolckow, adds greatly 
to the amenity of the town 

MIDDLESEX, an inland county in the south east of 
England, lying between 51° 25 and 91° 40 N lat, and 
between 0 and0° 36 W long On the south 1t 1s divided 
from Surrey and Kent by the Thames, on the east from 
Essex by the Lea on the west from Buckinghamshire by the 
Colne and on the north from Hertfordshire by a partly 
artificial and very irregular lme Although with the ex 
ception of Rutland it 1 the smallest county in England 
its population 1s exceeded by that of Lancashire only Its 
total area 1s 181,317 acres, of which 2592 acres are common 
or waste lands The longest straight line that can be 
drawn in the county 1s one of nearly 28 miles from the 
north eastern extremity near Waltham Abbey to the south 
western at Staines From north to south m the broadest 
part the distance 1s about 15 miles 

Surface and Geology —The greater portion of the county 
1s flat, although there are sufficient undulations to allow of 
a proper drainage of the land A range of hills runs along 
the Hertfordshire border by Barnet, Elstree, Stanmore, and 
Pinner, averaging 400 feet 1m height another range occupies 
the ground just north of London by Hornsey, Highgate, 
and Hampstead, Harrow occupies an isolated eminence 
between the two ranges 

The county les entirely within the basin of the Thames, 
and the London Clay extends over a large portion of the 
surface This formation stretches from the mouth of the 
estuary of the Thames to the neighbomhood of Marl 
borough It attains its greatest breadth (little short of 30 
m les) in the neighbourhood of London and eatends north 
ward until it is lost beneath the dmft of Suffolk and 
Norfolk The following 1s a table of the various beds of 
rock which occur at the surface, with their zreatest thick 
ness (1n feet) in the district — 


Alluvium (recent mver deposits) 15 
Post Plrocene Tertvaries 
Post glacial beds (buick earth gravel &c ) 50 
Glacial diift (boulder clay gravel &c ) 80 
Eocene Jurtvarves 
Lower Bagshot sands 100 
London Clay 420 
Woolwich and Rexding beds 90 
Cretac ous 
Chalk with flints 800 


Chalk comes to the surface im so very few } laces that it 
is scarcely worth mention It » seen near Harefield and on 
the north west side of South Mimms The depth from the 
surface to the chalk varies greatly in different parts of the 
county This has been proved by the borings for wells 
thus at Isleworth the depth 1» 400 feet and at Hamy stead 
378, while at Ruislip it 1s 76 feet and at Pinner only 60 
The Readig beds (plastic clays) are brought to the sur 
face at Windsor They follow roughly the course of the 
river Colne from the north of Uxbnidge along the flank of 
the hills north eastward, but are sometimes cut back south 
ward along small side valleys An outlym, mass 18 
exposed at Pinner The Bagshot sands, consisting cf 
gravel and sand permeable to water, once stretched over 
the whole extent of the London Clay, but they arc now to 
be found only on the high grounds at Hampstead, High 
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gate, and Harrow A corner of the main mass enters the 
south west corner of the county near Littleton Beds of 
brick earth occur m the drift between West Drayton and 


~ Uxbridge 


Several deep borings in the London basin prove the 
existence beneath the chalk of beds which do not crop out 
in Middlesex Three of these are in the county, and the 
most interesting is that at Meuxs Brewery, Tottenham 
Court Road (about 1146 fect), which passes through the 
following formations —-gravel and clay 21 feet, London 
Clay, 64 feet Reading beds, 51 feet, Thanet sand, 21 feet, 
chalk, 655 feet, Upper Greensand, 28 feet gault, 160 
feet Lower Greensand, 64 feet Devoman 80 feet 

Ravers and Canals —The Thames is very tortuous m the 
44 mules of its course from Staines to Blackwall and makes 
a remarkable bend at the eastern limit of the county where 
1t forms the so called Isle of Dogs The width at Staimes 
is 200 feet, at Chiswick opposite Barnes 340 feet at 
Hammersmith 525 feet at Fulham 820 feet, at Westmin 
ster Bridge 1100 feet, but at London Bridge it 1s less than 
800 feet above the junction of the Lea at the Isle of Dogs 
the width 1s 1350 feet The ordinary mse of the tide at 
London Bridze 1s 16 feet and the tide way ends at Ted 
dington The port of London begins below London Bridga, 
and the channel for from 2 to 3 mules 1s called the Pool 

The Colne from Hertfordshire enters Middlesex at the 
north western corner of the county It then runs south, 
Joining the Thames at Staines, and in its course divides 
Middlesex from Buckinghamshire for 15 miles After the 
river leaves Uxbridge it divides out into several small 
channels The Lea from Hertfordshire enters Middlesex 
at the north eastern corner of the county near Waltham 
Abbey It runs south, dividmg Middlesex from Essex for 
15 mules, and falls mto the Thame at BowCreeh Several 
branches flow off from the myer during its course The 
Brent fiom Hertfordshire enters Middlesex near Finchley 
It takes a cucurtous direction southward through the 
middle of the county by Hendon Kingsbury, Twyford, 
Greenford and Hanwell to the town of Brentford, where it 
unites with the Thames Where the river crosses the Edge 
ware Road (about 3 miles south of the town of Edgeware) 
it 1s expanded by artificial means into an extensive reser 
vor The Cran (or Ledding Brook) rises in the district 
between Harrow and Pinner and flows under Cranford 
Bridge, 1t crosses Hounslow Heath, and bends round to 
Twickenham and Isleworth, where in a divided stream it 
falls into the Thames 

There were several other small streams in the neighbour 
hood of London which have left their mark in the names 
of places, but which are now merely sewets such as the 
Wallbrook the Westbourn the Tybuin the Fleet mver, 
&c The last mentioned, which runs into the Thames near 
Blackfriars Bridge was formerly navigable a» far as 
Holborn Bridge but the Fleet Ditch 2» 1t was then called, 
having become im the last century a dangerous nuisance, 
the lord mavor and citizens were empowered by Act of 
Parliament to arch it over The work was commenced in 
1734, and in 1737 Flcet market «ccupying the site of the 
spice from Holborn Bridge to Fleet Bride, was opened to 
the public The New River, an artificial watcr-course con 
structed by Sir Hugh Mvddelton im the rein cf James I 
to sup} ly London with water runs through the « wuts from 
north to south a little to the west of there: Lea It 
derives its waters from the springs of {mwell and ( hidwell, 
increased by a cut fiom the Lia im the nu_hlourhood of 
Wate, and enters Middlesex fiom Hertford hue about 2 
miles north of Enfeld It passes Entield Tottenham, 
Hornsey, and Stoke Newington and 1s received into the 
reservoir in Clerkenwell known as the New River Head 

The Grand Junction Canal leaves the Thames at Brent 
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ford, proceeds in a westerly direction by way of Hanwell 
and Cranford to West Drayton, thence in a northerly 
direction it follows the valley of the Colne It passes 
Uxbridge, and after leaving the county takes its further 
course by Rickmansworth through Hertfordshire The 
Paddington Canal leavcs the Grand Junction Canal at 
Cranford, and passes Northolt, Apperton, Twyford (where 
it 1s carmed over the Brent by an aqueduct), and Kensal 
Green At Paddington 1t joins the Regents Canal, which 
passes the north of Regents Park, and after proceeding 
through the eastern portions of London jos the Thames 
at Limehouse The Regent’s Canal is jomed to the mver 
Lea by means of Sir George Ducketts Canal, and thus 
there 1» a throuzh communication from the noith eastern 
corner of the county to the south eastern corner, thence 
from east to west, and northward to the north west corner 

Clim ute, Sol, Agriculture, €e—The climate of the 
county 1s equable and good, and the shelter of the northe:n 
Inlls makes the air mld Highgate, Hampstead, and 
some other parts are supposed to be specially healthy, and 
are recommended for invalids by the medical profession 

The heavy poor clay in the north and north western por 
tion of \iiddlesex 1s chiefly covered with permanent grass 
In some parts 1t has been made fit for arable cultivation 
by the addition of chalk, lime, and ashes The rich 
deposits from the Thames have formed a soil which when 
well manured 1s specially suitable for market gardens 
From its nearness to London the district has long been 
famous for high farming, and the divisions devoted to 
different kinds of farming are well marked The greater 
part of Gore and Ossulston hundreds, portions of Spel 
thorne and Edmonton hundreds, and a strip down the 
western side of Elthorne hundred aie devoted to meadow 
and pasture The arable land 1s chiefly found on the 
western side, and between the Great Western Railway and 
the Thames It 1s also to be seen im the north western 
district With the constant increase of London, houses 
have encroached upon the fields, and most of the market 
gardens which were situated m the neighbourhood of 
Islington and Hackney have disappeared The strip of 
land by the Thames from Brentford to Chelsea was given 
up almost entirely to market gardens, but Fulham i fast 
being built over 

Accordin,, to the returns for 1882 the area occupied by grain 
and gieen crojy giiss && Was 116 470a res Of this amount 
16,337 a res were unter coin ciops (wheat 6410 harley, 3083 
oats 3895 und beans and pease 2636) 13 451 under green croys 
(including; otatocs 3019 turnips 1539, man,old» 1692 cabbage 
&c , 1185) 3025 unier clover and grasses sown in rotation and 
82 782 under permanent pasture Orchat ls occny ed 3419 acres, 
market gardens, 6900 nursery grounls, 447 anl wools 2382 
In the same yeir the horsxs numbered 5939 (4188 used for agn 
cultural purposes) cattle, 23 283 (cons 15 390) sheer 23 916, 
and pigs 12 085 

The following were the landowners in the county (exclusive of 
London) at the time of the Domesday survey —the king the arch 
bishop of Canterbury the bishop and canons of Lon! u the abbeys 
ef Westminster and Holy Trmty at Caen the nur nery of } arking, 
the Earls Roger and Morton, Geoffrey de Mannevek Finulf de 
Hesding Walter Fitz Other Walter de St Walery Raichird Fitz 
Gilbert Robert Gernon Robert Fafiton Robert Bits Reselin, 
Robert Blund, Poger de Rames, William Fitz Ansculf Edmund de 
Salisbury Autrey de Vere Ranulf Fitz Ilger Derman, Countess 
Judith and the kin,,s almoners 

In 1873 accorling to the Zeturn of Owners of Laid the total 
number of owners in the county (also exclusive of London) w13 
11,881 of whom 9006 owned 1] s3 than an acre The extent of 
lands (including, common or waste Jan ls 15 given 18 145 600 The 

estimated rental was £111 6v» Sixteen owners each pos 

sessed over 1000 acres ‘Ibe crowr owned 2882 1 res (annual 
value £5503), the duchy of Lanc ster 2273 acres (£4492 }celesi 
astical Commissioners, 1308 acres (£46 519) All Souls College, 


Oxford, 1818 acres (£4724) 
(£1836) , and Kings Co'lcge Cambridge 1097 (£1084) 


Many villages of Middlesex, especially those near to 
London, were formerly famous for their mineral «prings 


Chnst Church Oxford 1132 acres | 
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Some places are still supphed with water from wells , but 
the Barnet, the East Middlesex, the Grand Junction, the 
West Middlesex, and the New River Water Companies 
serve a large part of the county 

Manufactures and Trade —There 1s little to remark with 
regard to the manufactures of the county outside of London 
Buck making and tile making have always flourished, and 
malting, distilling, and soap making are favourite industries. 
Gunpowder mulls exist at Twickenham and Bedfont. 
The market towns for corn are Uxbridge, Brentford, and 
Staines, for cattle and sheep Southall A horse and cattle 
fair 1s held at South Mimms and Barnet 


Rarlways and Roads —As London 1s tke centre of the railway 

stem of ee it 18 evident that many of the lines must run 
t zen Middlcsex For similar reasons 1t 1s well provided with 
roads 

Population —The total population of Middlesex ws 2,539 765 in 
1871 and 2 920 485 in 1881, o1 eacluding the seven metropolitan 
boroughs lying within the county 276 028 1n 1871 and 894,089 
in 1881 Most of the towns and villages have largely increased 
during the period between 1871 and 1881 the populations of Acton 
and ottenham hive mote than doubled, an Chink Ealing, 
Edmonton and Willesden have almost doubled Of the larger 
places the least increase has been at Brentford which numbered 
10 271 in 1871 and reached 11,808 1n 1881 At the tame of the 
Domesday survcy the po) ulation of Mad ilcsex, exclusive of London, 
was 2302 

Gorernment —Unhke other counties, Middlesex has no high 
sheriff appointed by the sovereign It 18 subject to the City of 
London and onc of the sheriffs appointed by the Jord may or 1s sheriff 
for Middlesex When HeniyI came to the throne he gave the city 
an extensive chiter, and one of the privile.es either granted or 
confirmed by the hing was the perpetual sheuffwick of Mid jlesex 

The whole of the county 18 included in the diocese of London, 
and 1s divided between the archdeaconnes of London and Middlesex 
When Henry VIII created the bishopric of Westminster he allotted 
the whole county (the parish of Fulham alone excepted) for its 
diocese Edwud VI, however, dissolved the bishopric in the 
fourth year of his nee 

The county 1s divided into six hundreds, which remain the same 
as they weie at the time of the Domesday survey, except that the 
name of one has becn changed —Oseulston (Osulvestane D ), Kdmon 
ton (Delmetone D), Gore (Gara L), Elthorne (Helctorne or 
Helethorne D ), Spelthorne (Speletoine or Spelethorne D ), Isle 
worth (Honeslaw D 71¢, Hounslow) The diviaen into hundreds. 
1s now meicly a nime and a record of a former system of local 
government 

There are thirty two poor law unions, but the unions beyond 
London are only e1,ht in number, viz, Brentford, Edmonton, 
Fulham Hackney Hampstead, Hendon, Staines, Uabridge 

The majority of hospitals are in London but there 1s a trainin 
hospital at Tottenham St Johns Hospital at Twickenham, an 
cottage hospitals at Enfield, Laling Hayes, Hillingdon, Sudbury, 
and Teddington ‘The Royal India Lunatic Asylum is at Ealing, 
and the two county asylums at Colney Hatch and Hanwell 

The county 1s within the junsdiction of the central c:iminal court 
and alsoof the metropolitan police(with the exception of the City) 

Parliamentary Aepresentation —There are nine constituencies 1p 
Middlesex, returning nineteen members viz, two for the county, 
four for the City of London, two for each of the borouzhs of West 
minstr Finsbury Marylebone, the Tower Hamlets, Chelsea, and 
Hackney, with one for the university of London 

In the parliament of 1295 Middlesex was represented by two. 
members , 1n 1298 London sent two members as well as the county 
For the parliament of 1320 and subsequcnt parliaments London 
elected four members but it docs not appear that all were allowed 
to sit From the 15th century however, the city has always sent 
four members to parlament In 1547 Westminster first sent het 
two members, and from that time until 1832 the only seats were 
those for the county and the two boroughs In 1832 the boroughs of 
Finsbury, Marylebone and Tower Hamlets were addel, and in 186¢ 
the boroughs of Chelsea and Hackney and the university of London 

History —The district now meluded in Middlesex was largely 
occuyied by forest up to a comparatively recent pla and it 
po} alton must always have been very sparse A few prehistoric 
remains have been discovered at varions times,—bones of the 
elephant, hippopotamus, decr, & , at Old Brentford, elk horns 
near Chelsea Hospital, fossil teeth, fish, fruit, &c , at Highgate, 
ani quite recently 1n 1879, while the foundations were bing dug 
out fcr Drummond s New Bank at Charing Cross, a large number 
of prehistoric animal remains =F lint instruments have algo been 
found to cover a considerable area During the British period the 
district 1s suy posed to have been inhabited by the Trinobautes, but 
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the late Dr Guest affirms that the valley of the Lea was the western 
boundary of that tbe In answer to the qnestion—What became 
of the district between the Lea and the Brent? this great authority 
states that the district was merely a march of the ‘‘ Catuvellaum,” 
@ common through which ran a wide trackway, but in which was 
neither town, village nor inhabited house Dr Guest also declares 
that the boundanes of the Catuvellauman state, a central kmgdom 
formed or much extended by Cassivellaunus, can be traced in part 
along the northern limit of Middlesex by following an earthwork 
called Grimesditch “ from Brockley Hail to the woodland of the 
Colne Valley and thence to the Brent, and down the Brent to the 
Thames ! Some earthworks and encampments still exist which 
are attributed to the Britons 
When the country was under Roman rule great improvements, 
diue to the growing importance of Londinium were made im this 
district Several roads in connexion with the city must have been 
constructed, more especially the great northern ani eastern roids 
Dr Guest does not believe that the present Watling Street could 
have hid any connexion with the Watling Street which came down 
the Fdgeware Road pissed along, by Park Lane and crossed the 
Thames at Westminster In the Antonine Itimerary mention 18 
made of thiee stations viz, Londinium, Sulloniace and Pontes 
Sulloniace 1s now Brockley Hill Pontes 1s suy posed by Stukelcy 
to mean Staines, but Horsley held that 1t was intended for Old 
Windsor, and others supported the claims of Colnbrook and I on, 
ford Roman camps have been found in many 1 arts of the county, 
and Dr Stukeley supposed thit the Bnll near St Pancras was the 
site of the battle between Boadicea and the Roman legions which has 
left a slight record in the name of Battle Budge The Roman 
remains found at different times are too numerous to mention hcre 
in detail Coins urns and tilcs were tounu at Lnfield a sepulchral 
arn at Hampstead, and numerous gold coins and ornaments at 
Bentley Priory Great Stanmore im 1781 
Cowey Stakcs about a furlong west of Walton Bridge 1s supposed 
to be the locality of the ford Bs which Julius Cesar cros ed the 
Thames Crsar makes special mention of the sharp stakes which 
he had to encounter and Bede says that the reimains of the stakes 
‘were to be seen in his day Camden was the first to fx upon this 
as the spot where Cxsar crossed and he 1s supported by Dr Guest 
but the identification is not undisy uted Although a ford existed 
here as late as 1807 and stakes were found up to the end of the 
18th century 1t has been afhrmed that they were placed im their 
ition with another object than to oppose an enemy s progress 
oman remains have been found at Shepperton near Halhford at 
the Middlesex end of the ford A vase was dug up im 1817, and 
the remains of a Roman cemetery have also been discovered 
As to the earliest Saxon occupation we are left very much to con 
Jecture, and the name itself 1s somewhat of a puzzle It 1s evident 
that no tribe could have obtained the name of Middle Saxons until 
after the settlement of the disti1 ts on each side of 1t by the East 
and the West Saxons As Middlesex was for 2 period dependent 
upon the kingdom of Fssex 1t 1s probable that the name did not 
come into use until London had | ecomeaSaion city although there 
1s reason to believe that previously Saxon settliments had been 
made on several places by the mver and elsewhere Bede tells us 
that London was in the hands of hing Seberct in 604 an was then 
the chief town of Essex Just a century afterwa1ds—that 1s 1n 704 
—the king of the East Saxons sae away land at I'wichenham, 
showing that Middlesex was then de; endent ujon Lssex It 1s 
worthy of note that the two districts now forming the counties 
14n which London and Southwark are situated were sey aratea 
from the kingdoms to which they origmally ae rolabl 
on account of the importance of the city of London and the boroug 
of Southwark Mi Tdlenex from the kingdom of Kssex and Surrey 
or the South Ridge (A S Sud nge) from the kingdom of Kent 
Middlesex appears never to have been independent The admini 
trative shire was let to the men of London and their heirs to be 
held in farm of the king and his heirs and ‘ the subject shire has 
to submit to the authority of the sheriffs chosen by the ruling 
city 
Middlesex 1s only once mentioned in the Saxon Chronicle, under 
date 1011, where it 1s noticed os one of the distiicts overrun by 
the Danes One manuscnpt (A Winchester) mentions the Middle 
Saxons as receiving the true faith under then alderman Peada 
in 653 , but this 1s evidently a mistake of the scribe, for the fact 1s 
taken from Bede, and he wntes Middle Angles, as do the other 
MSS of the Chronicle # 


1 Lecture on the Origin of London Atheneum 1866 No 2022 

2 Freeman Norman Conquest vol v (1876) p 468 

3 In the above passage from the Chronicle where the districts overrun by the 
Danes in 1011 are enumerated the shiies which took thei: names f om their 
«chief towns are distinctly marked off fiom the districts which took their names 
from the peoples who inhabited them Of the latter there are besides the 
Middle Saxons, the East Angles the Kentings and the South Saxons Middlesex 
{a styled an administrative shire because it was not historically a shire but 
nly one for the purposes of administrative organization Of the present forty 
counties twenty eight areand twelve are not shires Wessex was divided into six 
ehires, and Mercia into elghteen with the subsequent addition of Rutland taken 
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The Saxons appear to have settled over a large portion of the 
district, and for the purpose of settlement they must have made 
considerable clearings in the vast forest of Middlesex There seems 
to be good reason for believing that previous to their coming the 
roads pissed through waste lands By the tyne of Edward the 
Confessor a a ei dead of the present towns and villages were 
mexistence Mr klton mm his Origins of English History,* mentions 
a curious fact with relation to the tenures which prevailed 1n some 
of these places He alludes to a ring of manors encircling ancient 
London where the custom of Borough English or junior nght was 
prevalent ° He then goes on to point out that in this cluster of 
manors there are several varieties of the custom —‘ Its benefit in 
Islington and Edmonton was confined to the youngest son, at 
Ealing Acton, and Isleworth it eatended to the brothers and male 
collateral heirs , and in a preat number of instances the privilege 
was given to females as well as to males 1n every degree of relation 
ship These variations are of no very great 1m} oitance the custom 
being modified 1n all parts of the country ly the rule that special 
pee must be given of any extension of that strict form of Borough 

nglish for the benefit of the younger son of which alone the courts 
have cognizance But it 1s of the greite: terest to observe that 
in several places near London it 15 the custom for the land to 
descend to the youngest if 1t 15 under a particular value of five 
pounds, but if 1t 15 worth more, it 18 parted among all the sons 
(First Real Property Commission Evidence ~ 254) 

The great forest of Middlesex continued long after the Norman 
Conquest and even as late as the reign of Elizabeth portions of 1t 
still existed quite close to London Fitz Steyhen the monk of 
Canterbury and secrctary of Thomas a bechet mentions in his 
interesting description of London the unmense forest with its 
densely wooded thickets and its coverts of game stags fallow 
deer boars and wild bulls A few year. after Fitz oe hen s death, 
in the rein of Henry III (1218) the forest was disaffoiested and 
some of the wealthy citizens took the oy portunity of ; urchasing 
lanl and building ujonit Matthew Paris in 115 hfe of the twelfth 
abbot of St Albans descmbes the woods contiguous to the Vi athn 
Street between London and St Albans as almost impenetrable, an 
so much infested by outlaws and by beasts of prey that the numer 
ous pilgrims who travelled along the Kon 1n road to the shine of 
Albanus were exposed to imminent danger 

There is little futher history that can be told of Middlesex 
There are many interesting incidents connected with some of the 
places but corporate life has been crushed out of the county by the 
greatness of London Nota single place except London has giown 
into 1m) oitance and nowheie outsi le of J ondon 1s there a bylding 
of first 1ate mterest The villages on the Lhames ay began to 
Increase 1n size on account of the convenience of locomotion 
supplied by the river It 1s only since the eatension of the railway 
system that the villages to the north and north west of London 
have grown in size and this growth has been mainly due to the 
building of houses for the use of the Londoners 

Pibleography —John Norden Speculum Britannue the first parte an hustort- 
call and chorographieall disc uptron of Middleser 4to L ndon 1093 reprinted in 
1637 and 17 3 John Bowack The Antiquities of Middleser pa ts 1 and 2 follo 
London 1705 6 Ric Newcourt Repertorium Ecclestasteeum Parocliale Lon 
dmense 2 vols foho London 1708 Rev Thomas Cox Afagna B ttannta et 
Hibernia antiqua et nova 6 vols 4to Loi don 1 20 (vol m contains M ddlesex) 
A Desertption of the County of Middlesex 8&vo London 1775 Rev Danxl 
Lysons Zhe Envuo0ns af London 4 vols 4to London 1 92 96 (vols 1 i and 
supplement 1811 contam Middlesex) John Middleton General View of the 
Agriculture of Middlesex 4to London 1 93 Teter Foot General View of the 
Agriculture of Middlesex 4to London 1 94 John Middleton Trew of the Agre 
culture of Meddlesex 8x0 London 1798 second edition 1807 Rev D Lveons 
An Easton tcal Account of til ose Pav tshes wn the County of Middlesex which are not 
described tn The Envuons of London 4to London 1800 G A Coohe Modern 
Brittsh T aveller 12mo Lo don, 1809 10 (sol x1 contains Middles x) E 
W Brayley Rev Joseph N ghtmgale and J Norris Biewer Lend n and 
Middlesex in Beauittes of England and Wales & vols. 8vo London 1810-16 
Rev Wiliam Bawdwen A 7' ansiation of the Record called Domesd y so far as 
1 elates to the Counties of Midd esex Hertfo d Buckingham Oxfo @ ard G oucester 
4to Doncaster 1512 other publications conce ning the Domesday of Viddlesex 
are facsimile folio Sou hampton 1861 a 1 teral extension of the Latin text, 
folio London 1862 Wm Rvylevani Hy Dethick Zhe Festtatton of Middlesex 
begun wn 1668 foho Sahsbuy 18 0 William Finn ck The Hestory and Topo- 
graphy of Middlesex 1°mo London 1824 (vol 8 of Pmnocks County Hestortes) 
W Smith Deleneatrons of the County of Middlesex 8vo London 1834 Samuel 
Tymms A Compendtous Account of Midd esex and London and VW estmsnsiter (Cam 
dens Britannia epitomized and continued vol vn) London 188 J Hi Sper 
ling Church Walks tn Middlever being an E clesrologist s Guide to that County 
12mo London 1849 The Beauttes of Middleser betng a particular descrepivon af 
the principal seats of the nobutty and gentry wm the County of Middlesex 80 
Chelsea 1850 The Countres of England (No 1 Middlesex) 8¥o London 1855 
T ansacttons of the London and Middlesex Archeologual Society 8vo0 1860-82 
James E Harting The Buds of Mtddiesex 80 London 1866 Henry Tnmen 
and W T Thiselton Dver Flora of Middieser 8vo London 1869 Wilham 
Hughes The Geogr aply of Muddiesez for the use of schools 12mo London 1972 
Willham Lawson Coliinss County Geographtes (Middlesex) Svo 18 2 fhe 
Geography of the Counttes of England and Wales (No 10 Mid llesex %\0 Man 
chester 1872 W E Baxtei The Domesday Book for the (ounty of Midd esex 


betng that portion of a R turn of Owners of Land tg, England and Wales tn 1878 
which refers to Middlesex 4to Lewes 1877 (H BW *) 


—-—. -..... -.. -. Cumbria and last of all Monmouthsh re fiom Wales, by an 
Act of Henry VIII s reign 

4 Pp 188-89 and note 

5 Mr Corner gives the number of instances he has found at sixteen 
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MIDDLETON, a market and manufacturing town of 
Lancashire, 1s situated on the Irk, near the Rochdale 
Canal, and on the Lancashire and Yorkshire Railway, 
about 5 miles north of Manchester and 4 west of Oldham 
It meludes the township of Tonge, an isolated portion of 
the parish of Prestwich The church of St Leonards 1s an 
old structure of mixed architecture, with a low square 
tower The oldest portion of the building dates from the 
12th century, but the mam portion from 1412, and the 
south aisle from 1524 It underwent extensive restoration 
in 1869 The Queen Elizabeth Grammar School, a build 
ing in the Tudor style, was founded in 1572 There are 
public baths and a free library The prosperity of the town 
dates from the introduction of manufactures at the close of 
last century The staple trade 1s the spmmning and weaving 
of cotton and the other industries include silk weaving, 
calico printing, bleaching, dyeing, ironfounding, and the 
manufacture of soap and chemicals There are several 
collieries in the neighbourhood The town was at an early 
period in possession of the Bartons, from whom 1t passed 
by marriage in the 16th century to Sir Ralph de Assheton 
The population of the urban sanitary district of Middleton 
and Tonge in 1881 was 18,952 

MIDDLETON, Convers (1683-1750), the earhest and 
most eminent example of the spirit of theological rational 
ism in the English Church of the 18th century, was the 
son of the rector of Hinderwell near Whitby, and was born 
at Richmond m Yorkshire, on December 27 (or, according 
to another account, on August 3),1683 He graduated at 
Cambridge, took orders, and in 1706 obtaimed a fellowship, 
which he soon resigned upon contracting an advantageous 
marriage In 1717 a dispute with Bentley, upon an 
extortionate demand of the latter on occasion of Middleton s 
being created DD, involved him in an acrimonious con 
troversy, which called forth several pamphlets from his 
pen full of powerful invective, and among them his first 
considerable literary performances, the Jemaris and 
Further Remarks on Bentley s Proposals for a New Editwn 
of the Greek Testament (1721) “ou have laid Bentley 
flat upon his bach, wrote Colbatch “I scorn to read 
what the rascal has written, wrote Bentley,—who, how 
ever, only resorted to this affected disdain after a fruitless 
attempt to fix the authorship upon Colbatch, but who 
might justly have commented upon the impropriety of 
Middleton 3 endeavour to visit his grievances upon the text 
of the New Testament Private resentment and uncurbed 
personality were throughout his life too frequently the 
motive and the note of Middletons controversial publica 
tions § In 1723 he was involved in a lawsuit by person 
alities azainst Bentley, which had found thur way into 
his otherwise judicious tract on library administration, 
written on occasion of his appointment to the honourable 
office of university librarian In 1726 he gave great 
offence to the medical profession by a dissertation contend 
ing that the healing art among the ancients was only 
exercised by slaves or freedmen Between the dates of 
these publications he visited Italy, and made those observa 
tions on the pagan pedigree of Italian superstitions which 
he subsequently embodied in ns Letter from Rome (1729) 
This cogent tract, while establishing the authors main 
proposition with abundant learning and wit, gave at the 
same time the first clear indication of the anti supernatural 
istic bias of his intellect, and probably contributed to 
prepare the storm which broke out agaist him on his next | 
publication (1731) In his remonstrance with Waterland 
on occasion of the latters reply to Tindal s Christianity as 
Old as the Creatvon, Middleton takes a line which in his 
day could hardly fail to expose him to the reproach of 
infidelity He gives up the litera) trath of the pnmeval 
Mosaic narratives, and, n professing to indicate a short 
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and easy method of confuting Tindal, lays principal stress 
on the indispensableness of Christiamty as a mainstay of 
social order This was to resign nearly everything that 
divines of the Waterland stamp thought worth defending 
Middleton was warmly assailed from many quarters, and 
retreated with some difficulty under cover of a sheaf of 
apologetic pamphlets, and a more regular attendance at 
church A freethinker in the strict sense of the term he 
certainly was, but how far freedom of thought was carned 
by him it 1s not easy to ascertam His adversaries—some 
of them men who gravely maintained that Egyptian 
civilization originated in the age of Solomon—were unable 
to fix any serious imputation upon him, on the other hand 
it 1s clear that the natural attitude of his mind towards 
supernatural pretensions was one of suspicion, and that his 
temperament was by no means devout That he was 
nevertheless not incapable of*a disinterested hero-worship 
was evinced by his next important publication, the elegant 
but partial Lfe of Cuero (1741), a work which, if far 
below the standard of modern exactness, may yet compare 
m spirit and execution with the best productions of the 
Itahan Renaissance It 1s, mdeed, as remarked by 
Forsyth, “rather an historical composition, in which 
Cicero 1s the principal figure, than the portrait of the man 
himself , and Dr Parr has pointed out Middletons 
unacknowledged obligations to the forgotten Bellendenus, 
which, however, with the ardour of a discoverer, he seems 
to have considerably overrated The work was undertaken 
at the mstance of Lord Hervey, in correspondence with 
whom also onginated his disqumsition on Zhe Roman 
Senate, pubhished 1n 1747 The same year and the follow 
ing produced the most important of all his writings, the 
Introductory Discourse and the Free Inguay concerning 
the miraculous powers then commonly deemed to have 
subsisted 1n the church after the apostolic age In com 
bating this belief Middleton mdirectly established two pro 
positions of capital importance He showed that ecclesi 
astical miracles must be accepted or rejected in the mass , 
and he distinguished between the authority due to the 
early fathers testimony to the beliefs and practices of their 
times and their very slender credibilty as witnesses to 
matters of fact Some individual grudge seems to have 
prompted him to expose, in 1750, Bishop Sherlock’s 
eccentric notions of antediluvian prophecy, which had then 
been before the world for a quarter of a century The 
same year he died of a decline at his seat at Hildesham in 
Cambridgeshire, leaving a widow, but no children 

Middleton s most ambitious work 1s obsolete from no fault of 
his, but his controversial wnitings retun a permancut place in the 
history of opmion In his more restricted sphcre he may not in 
ey be compared to Lessing Like Lessing the character 
of his intell ct was captious and iconoclastic but redeemed from 
mere negation by a passion for abstract truth too apt to slumber 
until called into activity by some mercly personal stimulus His 
diction 13 gencrally masculine and harmonious Pope thought him 
and Hooke the only prose writers of the day who deserved to be 
cited as authorities on the language Pur while exposing his 
plagiarisms heaps encomiums on his style But his best qualities, 
lis impatience of superstition and disdain of mcre external 
authority are rather moral than Jiterary As ascholar he 15 rather 
elegant than profound, as acontroversiilist he has more vigour thar. 
urbanity, and more wit than humour He has ben unjustly 
attacked both as author and as man by De Quincey, who strangely 
accuses his style of colloquialism, and taxes him with eating the 
church’s bre id while pails her doctrines In fact Middleton s 
private means were ample his ecclesiastical emoluments trifling, 
and his candour obstructed his path to much more considerable pre- 
ferment The best general view of his intellectual character and 
influence 18 to be found in Lesh Stephen’s English Thought im the 
Enghteenth Century, chap vi A handsome edition of his works, 
containing several posthumous tracts, but not including the Life 
of Crcero, appeared in 1752 


MIDDLETON, Tuomas (¢ 1570~1627), held a leading 
place among the dramatists of the reign of JamesI His 
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popularity would seem to have first come to a height about 
1607. This 1s a fair inference from the fact that im this 
and the following year a whole swarm of comedies from 
his pen were licensed and published—A Trick to Catch the 
Old One, The Family of Love, The Phoemzx, Michaelmas 
Term, Your Fwe Gallants, A Mad World My Masters 
Only the first of these kept the stage after the author's 
own generation, though in pot of wit and constructive 
skill it 18 not superior to The Pheenwe (a serious comedy) or 
Your Fwe Gallants (a bustling and gaily humorous farcical 
comedy) The plot of the Z'rwck bears a family hkeness 
to that of Massinger’s Vew Way to Pay Old Debts, the 
titles in fact might be interchanged A ruined scapegrace 
outwits his creditors and a usurious uncle by coming to 
town with a courtesan and passing her off as a widow with 
a fortune, whom he treats with deferential fmendship, but 
hardly dares to love, ruined and hopeless as he 1s His 
uncle lends him money that he may woo in proper state, 
his creditors also intrigue to have the honour of supplying 
him with all the needs of fashion, and the lady receives 
many costly presents from aspirants to her hand and 
fortune Though Middleton was apparently not in high 
populanty till 1607, he had made his debut as a satirist 
ten years before , and if Malone 1s nght in his conjecture 
that the Mayor of Queensborough 18 identical with the 
Randall Earle of Chester mentioned by Henslowe 1n 1602, 
he had done dramatic work of a much ngher kind Like 
The Changeling, a later production, in which Middleton 
had the assistance of Rowley, the tragedy of the Mayor 18 
named after a character in the significant comic underplot 
Such a title scares away readers weary of half intelligible 
Ehzabethan fun and satire, but Simon the comic mayor 
1s @ very subordinate figure in the play, and the tragic 
portions alike im situation, characterization, and language 
rank among the very noblest productions of the Shake 
spearian age ‘There are scenes in the Changeling also 
which Mr Swinburne, with a judgment that will not be 
disputed, assigns to Middleton, unsurpassed for mtensity 
of passion and appalling surprises m the whole range of 
Elizabethan literature The execution of these scenes 1s 
far beyond any power that Rowley showed in single handed 
work, but well within the scope of the author of the 
Mayor of Queensborough and Women Beware Women 
This last play, mm which every one of the characters 
important enough to be honoured with a name perishes at 
the end in a slaughter so rapid as to be somewhat confus 
Ing, Was apparently one of Middleton’s later works, and 
the simple and measured development of the plot in the 
first acts seems to show traces of the influence of Massinger 
Middleton s verse, when charged with the expression of 
impassioned love, contains many echoes of the verse of 
Romeo and Julvet, as if his ear had been fascinated by it 
in his youth His language generally proclaims him an 
admuing disciple of Shakespeares, and in daring and 
happy concentration of imagery, and a certain imperial 
confidence in the use of words, he of all the dramatists of 
that time 1s the disciple that comes nearest the master 
The Witch, by which Middleton’s name has of late been 
Imked with Shakespeare’s in groundless speculation as 
bemg part author of Macbeth, 1s by no means one of 
Middleton’s best plays The plot is both intricate and 
feeble, as 1f the play had been written with a view to the 
half comic spectacular exhibition of the witches, with their 
ribald revelry, their cauldrons, hideous spells, and weird 
incantations Charles Lamb’s comparison of Middleton’s 
witches with Shakespeare’s 1s one of the most exquisite 
morsels of criticism, but, when he says that Middleton’s 
witches are “in a lesser degree fine creations,” he ought 
perhaps to have added that they are merely embodiments 
of the vulgar superstition, put on the stage to excite 
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laughter rather than fear among a half beleving audience, 
an audience ready to laugh at them in the light and in a 
crowded meeting, whatever each might do in the dark 
alone That Middleton had any share in Macbeth 1s a 
conjecture resting solely on the fact that the opening 
words of the song of the witches about the cauldron in 
Shakespeare s Macbeth occur also in the incantations about 
a cauldron in the last act of Middleton’s Wetch, and 
that Middleton’s song was inserted by Davenant m an 
“amended ” reproduction of Macbeth If either borrowed 
the words of this song from the other, that 1s no evidence 
of further co operation , besides all that 1s common to the 
two was probably as much public property as a nursery 
rhyme There 1s no evidence as to whether The Witch 
appeared before or after Macbeth Middleton co operated 
with Dekker in the Roaring Girl , with Rowley in A Far 
Quarrel, The Spanish Gipsy, and The Changeling, and 
with Jonson and Fletcher in Zhe Widow (one of the few 
of Middleton’s plays reproduced after the Restoration) 
Towards the close of his life Middleton got into difficulties 
with the privy council from wnting a very clever political 
play apropos of Prince Charles’s unsuccessful wooing of the 
Spanish infanta in 1623 The chef personages in Spanish 
politics and their manceuvres were represented with most 
ingenious skill mn the pieces and movements of A Game at 
Chess This play was stopped by royal authonty, and the 
prosecution of the author was allowed quietly to drop 
The few ummportant facts known in Middletons private 
history are collected im Mr Dyce’s admirable edition of his 
plays He enjoyed the office of city chronologer, and was 
often employed to write pageants and masques, in one case 
at least contracting for the whole exhibit.on, besides fur 
nishing the words He died in 1627, and was buned at 
Newington Butts 

MIDDLETOWN, a city and port of entry of the 
Umted States, and one of the shire towns of Middlesex 
county, Connecticut, hes on the mght bank of the Con 
necticut river, about 30 miles from its mouth, directly oppo- 
site the well known Portland quarries, and 24 miles from 
New Haven by rail Built on ground rising gently from 
the river, with its principal streets keeping the direction of 
the valley, and the cross streets climbing the slope, Middle- 
town 1s a place of considerable attractiveness, and the views 
from the higher pointsare particularly fine Water Street, 
with the wharves and shipping, Main Street, with the 
commercial houses and hotels, and High Street, with its 
mansions and gardens and trees, are the leading limes of 
the city On the high grounds behind stand the handsome 
buildings of the Wesleyan (Methodist Episcopal) U niversity 
The institution, mainly organized by Wilbur Fisk, DD, 
was chartered in 1831 To the two buildings with which 
it started have been added Rich Hall, with the library of 
about 30,000 volumes, Judd Hall, with scientific collections 
of great value, the Memorial Chapel, erected in the 
centenary year of American Methodism, and the Observa- 
tory Hall Since 1872 the courses of the university have 
been open to both sexes In 1882 the number of pro- 
fessors was 20, and of students 191, mmcluding 14 females 
The Berkeley Theological School (Main Street), founded 
by the Episcopal Church in 1854, had im 1882 7 pro- 
fessors and 4] students, with a hbrary of 17,000 volumes 
A hill 14 mules to the south east of the city 1s occupied by 
the State General Hospital for the Insane, the principal 
building having a frontage of 768 feet, and the grounds 
extending to 230 acres, and on another hill to the south 
west of the city stands the State dustrial school for girls 
As vessels drawing 10 feet of water can reach 1ts wharves, 
Middletown carnes on a considerable trade by the river In 
1882 1613 vessels, with a burden of 240,000 tons, entered 
the port, and 1613 vessels, with a burden of 350,000 tons, 
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cleared , and the Middletown district owned 83 sailing 
vessels and 22 steamers Both the silver and the lead 
mines which were formerly wor’ed in the vicinity have 
been abandoned, but cast iror, biitannia, and silver plated 
goods, sewing machines, pumps, webbing, and tape are 
among the local manufactures The population of the city 
increased from 5182 in 1860 to 6850 in 1880 = First 
settled in 1636, Middletown was incorporated as a town in 
1654, and as a city in 1784 

MIDDLETOWN, a manufacturing village of the United 
States, in Wallhill township Orange county, New York, 
59 miles NNW of New ‘ork, at the junction of four 
railroads It 1s a clean well built place, in the midst of a 
fine dairy farming and stock raising district, manufactures 
saws files, felt hats, blankets, agricultural implements, 
printers materials, dc, and 15 the seat of the State 
Homeopathic Insane Asylum The population was 6049 
in 1870 and 8494 in 1850 

MIDHURST, an ancient parliamentary borough and 
market town of Sussex, 1s picturesquely situated on a 
gentle eminence above the south bank of the West Rother, 
on three railway lines, 50 miles south west of London and 
12 north from Chichester The church of St Denis (re 
stored in 141-83) 1s chiefly Perpendicular in style, but 
the lower part of the embattled tower 1s probably Norman 
At the grammar school, founded in 1672, Richard Cobden 
and Sir Charles Lyell were educated A new public hall 
was opened in 1852 ~The old castle of the De Bohuns 
stood on a mound above the river, now overgrown with 
trees In ancient times a commandery of the Knights of 
St John of Jerusalem had jurisdiction over the district 
now forming the liberty of St John The prosperity of 
the town depends chiefly on agriculture A market 1s held 
weekly, and a fair three times a year The population of 
the parliamentary borough, which has an area of 26,172 
acres, was 6793 in 1871, and 7221 in 1881 


Midhurst 1s not mentione! in Domesd1y being included under 


Easebourne In the reign of HenryI it was held by the hing 
as a minor barony In the time of Edward J] it passed into 
the possession of the De Bohuns Fiom the time of kdward II 


till 1832 1t returned tno members to parliament, but since then 
only one 

MIDIAN was one of the peoples of North Arabia whom 
the Hebrews recognized as distant hinsmen, representing 
them as sons of Abrahams wife Keturah The word 
Keturah means “incense , thus the sons of Keturah are 
the “incense men,’ not indeed inhabitants of the far south 
incense land, but presumably the tribes whose caravans 
brought the incense to Palestine and the Mediterranean 
ports So the Midianites appear im connexion with the 
gold and incense trade from \emen (Isa lx 6), and with 
the trade between Egypt and Syria (Gen xxxvu 28, 36) 
At the tame of the exodus the pastures of the Vidiamtes, 
or of the branch of Midian to which Mosess father in law 
(Jethro or Raguel, or Hobab) belonged, lay near Mount 
Horeb (Exod m 1), and Num x 29 sg implies that the 
tribe was at home in the desert of the wanderings The 
Kenites, who, n spite of ther connexion with Amalek (1 
Sam xv 6), had fnendly relations with Israel, and ulta 
mately coalesced with the tribe of Judah, are represented 
mn Judg 1 16,1v 11 as the kin of Mosess father in law 
The Kenites, however, can have been but one fraction of 
Midian which took a separate course from their early 
relations to Israel! The main body appear in Judg vi as 
8 powerful Bedouin confederauon, mvading Canaan from 
the eastern desert, and ravaging the land as simular tribes 
have done in all ages when Palestine lacked a strong 
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1 The admixture of Midiamte elements in Judah and the other 
border tribes of Israel 1s confirmed by a companson of the names of 
the Midiarite clans in Gen xxv 4 with the Hebrew genealogies 
(. Chron u. 46 tv 17. v 24 Gen xlvi 9) 
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government With their defeat by Gideon and another 
defeat by the Edomites in the field of Moab, probably 
about the same time (Gen xxxvi 35), the recorded history 
of Midian closes 


A place Midian 1s mentioned 1 Kings «1 18, and in later times 
the name lingered 1n the district east of the Gulf of Akaba, where 
Euscbius knows a city Madian in the country of the Saracens and 
Ptolemy places Modiana Still later Madyan was a station on the 

ilgrim route from Egypt to Mecca, the second beyond Aula (Elath) 
Ware in the Middle Ages was shown the well from wlich Moses 
waterel the flocks of Shoaib (Jethro) and the }14ce 1s still known 
as the caves of Sho'ab _—‘It has considerable ruins which have 
been desuribed by Ruppell (Rezsen 1829) and Burton (Land of 
Midian 1879) 


MIDNAPUR, a district in the leutenant governorship 
of Bengal, India, between 21° 37 and 22° 57 N lat, and 
between 86° 35 45 and 88° 14 E long, 1s bounded on 
the N by Bankura and Bardw4n, on the E by Hooghly 
and Howrah, on the S by the Bay of Bengal, and on the 
W by Singbhum and M4nbhum, with an area of 5082 
square miles Its general appearance 1s that of a large 
open plain, of which the greater part 1s under cultivation 
In the northern portion the soi 1s poor, and there 1s httle 
wood ‘The country along the western boundary, known 
as the Jungle Mahdls, 1s undulating and picturesque, it 
1s almost uninhabited The eastern and south eastern 
portions are swampy and richly cultivated ‘The chief 
i1vers of the district are the Hooghly and 1ts three tribu 
taries, the Rupnirdyan, the Haldi, and the Rasulpur 
The Vidnapur high level canal runs almost due east and 

‘west from the town of Midnapur to l lubarié on the 
Hooghly 16 miles below Calcutta, and affords a continuous 
navigable channel 53 miles in length There 18 also 
a tidal canal for navigation, 26 miles in length, extend 
ing from the Rupndrijan river ‘Lhe jungles in the 
west of the district yneld lac, tasar silk, wax, resin, fire 
wood, charcoal, dc, and give shelter to large and small 
game 

The census of 1872 returned the population of Midnapur at 
2 040 968 (1 257,194 males and 1,283 769 females) including only 
122 Europeans and 157 080 Mohammeiins The aboriginal tril cs 
belong chiefly to the jungles and hills of Chutia Nagpur and Bin 
hura the most numerous of them are Santals (96 921) and Bhumys 
(85 344) Of high caste Hindus the returns show 136 500 and the 
number of Kayasths 1s given as 101 663 Among the sem Hindu 
wed aborigines the most numeious are the Bagdis, a tribe of cults 
vators, fishermen and day labourers (76 825) Belonging to agn 
cultural castes there are 1,018 686 The four municipalities are 
Midnapur (31 491), Chindrakona (21,311), Ghatal (15 492) and 
Tamluk (5849) Rice 1s the staple crop Irrigation 18 effected 
chiefly from the high level canal Rent rates vary from 104d an 
acre for the poorest quality of rice land to 18s an acre for the best 
urigable lands The distnct suffers occasionally from drought , 
floods are common, and very disastrous in their results The pnn 
cipal exports are rice, silk, and sugar and the chief imports con 
sist of cotton cloth and twist Salt, mdigo silk, mats, and brass 
and copper utensils are manufactured Apart from the rivers, com 
munication 1s afforded by 482 milcs of road = The totl revenue in 
1870 71 was £262 578, and the expenditure £53777 The pe 
vailing diseases are fever, diarrhoea, dysentery, and cholera e 
average mean temperature 1s 80° Fahr, and the average annual 
rainfall 66 inches 

The early history of Midnapur centres round the ancient town of 
Tamluk, which in the beginning of the 5th century was an umpoit 
ant Buddhist settlement and maritime harbour The first con 
nexion of the English with the district dates from 1760, when Mir 
hasim ceded to the Last India Company Midnapur, Chittagong, 
and Bardwan (thcn estimated to furnish one third of the entire 
revenue of Bengal) as the pnce of his elevation to the throne of 
Bengal on the deposition of Mir Jafar 


Mipnapour, chief town and headquarters station of the 
above district, 1s situated on the north bank of the Kasé. 
river, with a population in 1872 of 31,491 The town has 
a large ddzdér, with commodious public offices Its healthy, 
dry, and well supplied with water An American mission 
maintains an excellent trang school, together with a 
printing press, and has founded several village schools in 


MID—MID 


the district, Its efforts have been particularly successful 
among the Santdls, and some of the earliest and most 
valuable works on their language have issued from the 
Midnapur mission press. A brisk manufacture of brass 
and copper utensils takes place in the town, 1t 1s also the 
centre of a large indigo and silk industry 

MIDRASH Lake all nouns of a similar form Midrash 
1s the equivalent of the Niph‘al participle,) and as such 
yields as many modified meanings as the root Darosh 
(#)), to search, dc, itself has The practical significa 
tions, however, of Midrash, taken in historical order, are 
as follows —(1) a book of records, (2) a recension of 
older, especially historical, materials, (3) search im and 
explanation of the Scriptures, notably the Pentateuch (in 
which case the plural is invanably Midrashoth) , (4) theory 
as distinguished from practice, (5) a college for study 
and teaching , (6) an Agadic (that 1s, a free) explanation, 
in contradistinction to an Halakhw one, (7) a collection 
of sucn free explanations (m which case the plural 1s 
Midrashvm and occasionally also Midrashoth) Of these 
seven significations (1) and (2) are to be found in the Bible,? 
(3) and (4) are mentioned for the first time in the Mish 
nah,® (5) 18 to be met with in the Midrash, while (6) and 
(7) are to be found in early Rabbinic writings 5 

The subject of this article will be—(1) the nature of 
Midrash in the sense of Agadah, to the exclusion of 
Halakhah (for which see MisHnaH), and (2) the develop 
ment of this Midrash Agadah into books (Mtdrashim) 

The thinking reader of the Scriptures cannot have failed 
to observe that by the side of their ceremonial element, be 
it negative or affirmative, permissive or Jussive, there 1s 
also often to be met with (and sometimes so as to be insepar 
able from it) a spiritual element This spiritual element 
rests chiefly on feeling or emotion, and produces pious 
works only indirectly Now the explanation or application 
of this element, either by the Scriptures themselves or by 
the rabbis, 1s traditionally called Midrash Haggadah 
(recitation, preaching) or Iidrash Agadah® (binding the 
soul to God and all that 1s godly ) 

This Haggadah or Agadah varies considerably both in 
natuic and form In 1ts nature it sometimes humours, at 
other times threatens , 1t alternately promises and admon- 
ishes, persuades and rebukes, encourages and deters In 
the end it always consoles, and throughout 1t instructs and 
elevates In form it 1s legendary, historical, exegetic, 
didactic, theosophic, epigrammatic , but throughout it 1s 
ethical 

And varied as was and is the Midrash Agadah, so varied 
have been its fortunes Whilst at times it stood very 
high in the estimation both of the teachers and the con 
gregations in Israel,’ it sank at other times very low 
indeed ® Nay, at one and the same time, whilst some 


1Comp Nehem vin 8, where NUP evidently stands for NPIB 
See also Kimhi on 2 Chron xn 22, and Schiller szinessy, Exposition, 
&e , Cambridge, 1882, p 11 22 Chron xm 22 and xa 27 

3 See Medarim, 11 8, and Aboth, 1 17 

4 Bereshith Rabbah, ¢ lxm (on Gen xxv 22) msdn xd xd 

3ayq Ow) by yw xox Midrash 1s used in the East to this 
day tor Beth Hammidrash See MS Oo 6, 63 (of the University 
Library, Cambridge), leaf 135a, lower margin GQuatps wap pn 
y 

Helin te g,onGen m 8) and Tosaphoth, passim 

6 Thos who identify this word as merely the Chaldaic form of the 
Hehnew Maggadah (and they have certainly, some thority on their 
» kk) ought to wmite it Aggadah ('1gN), which, however, 1s not the 
traditional spelling of1t (T]28) — Simgularly enough, the Latin relegro 
is similarly denved by some from reizgare and by others from religere 

7 Siphere on Deut §49 “If thou wishest to hnow Him who but 
spake wd the world came into bemg, learn Haggadah, for bv so doing 
thou wilt 1ecognize the Holy One (blessed be He!) and cling to His 
ways !” 

8] Y, Maseroth, mu 4 “And R Zeerah was teasing those rabbis 
of the Agadah ” 
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rabbis exalted 1t to the skies,® other rabbis treated it 
with hatred, or, worse still, with contempt ! There have 
actually been teachers whose treatment of 1t differed with 
the difference of the occasion.12 The fact 1s the Jews 
liked or disliked the Midrash Agadah according to their 
political condition on the one hand and their proximity 
to Jewish professors of Christianity on the other In the 
hour of prosperity the Jews preferred the Halakhah ,* 
1n that of adversity they ran to hear the consoling words 
of the Agadah'4 When near Judeo-Chmistians, whose 
religious strength and argument chiefly rested on Agadah,!® 
the Jews disliked it, when among themselves, or when 
dwelling among Gentiles (heathen or Chnistian), they 
showed their wonted partiality for it 

But, whatever were the likings or dishkings of the Jews 
for the Midrashoth, 1t 1s certain that these traditions were 
early?6 committed to writing, and formed into special 
volumes, known as “ Books of Agadah” 17 Such were first 
some of the Targumzm and then the fidiashim Against 
writing down the traditional explanations of the Mosaic 
ceremonial there existed a distinct law,!8which was observed 
down to near the end of the 6th century At an earlier 
period isolated disciples only, in order to refresh their 
memory, wrote down short Halakhic notes, which, how- 
ever, they kept in secret 19 The Targumum and Midrashem, 
on the other hand, were composed very early and were 
numerous, while their extensive contents were circulated 
in public 

The Midrash, from whatever point of view it may be 
regarded, 1s of the highest value It 1s of the highest 
value, of course, to the Jew as Jew first, inasmuch as he 
finds there recorded the noblest ideas, sayings, and teach- 
ings of his venerable sages of early times In the next 
place 1t has value to the Chmstian as Christian, since only 
by these ideas, teachings, reasonings, and descriptions can 
the beautiful sayings of the Founder of Christianity, the 
reasonings of the apostles, and the imagery of the sublime 
but enigmatic Apocalypse be mghtly understood But its 
importance appeals also to the general scholar, because of 
the mexhaustible mines of information of all kinds 1t con- 
tams The pluilologist will find here numerous hints on lexi- 
cography and grammar, chiefly, of course, of the Semitic 
languages, but also of other tongues, notably Greek and 
Latin The historian will gather here a rich harvest on 
geography, chorography, topography, chronology, numis- 
matics, 6c The philosopher will find here abundant and 

9Thd ‘Then said to him R Bo bar [son of] Kohano, Why dost 
thou tease them? Ask, and they will surcly answer thee ! ’ 

107 Y, Shabbath, xv1 1 ‘He who holdsit forth becomes burned 
by it he who listens to it gets no reward ’ 

Id ‘I never mm my lite looked mto Agadic books ” 

12 Id “Let the hind of him who wrote it be cutoff , and com- 
pire with this T B, Bobo Bathro, 1235 ‘‘goodly pearl ’ 

18 Berm ing of Pesihotho Baholesh Hasshelishi ‘‘ First when the 
money was i hand one desired to hear the word of the Afishnah and 
the word of the Talmud 

Jot ‘Now, however, when the money 1s not to be got, and, 
mc1eover, When we are sich in consequence of the (treatment by the) 
government, one pmes for the word of the Bible and for the word of 
the Agadah ’ 

IT Y Shabbath, xvi 1, 1nd T B, Shabbath, 116a 
gelia and other Christian wiitings ” 

16 See Tosrphto Shabbath, x1. ‘‘ T remember that one brought before 
Rabban Gamhiel the elde: [St Paul’s teacher] the book of Job (in the) 
Chaldaic paraphrase’, and T Y, Audayim,ix 4 “ At that time I 
ran (my) eyes through the whole Book of the Psalms (in the form) of 
the Haggadah [agadah of the Psalms]’ R Hiyya Rubboh belonged 
to the middle of the 2d Christian century 

r NOUNTMAD See T B, Berahhoth, 28a, Temurah, 145, and 
the Talmudum, passim 

8 T B, Guttin, 606 **In the ecllege of R Yishm ael it was taught, 
‘These [see Exod xxxiv 27] thou oughtest to wmte down, but thou 
must not write down Halakhoth’ ’ 

19T B , Shabbath, 6b ‘I found a ‘secret roll,’” that 1s, a roll of 
Halalhoth hept secret. Comp Rashi, 17 loco. 
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valuable notices on logic, psychology, metaphysics, theo- 
logy, theosophy, ssthetics, rhetoric, poetry, mathematics, 
geometry, astronomy, zoology, botany, biology, morphology, 
chemistry, medicine, physics, &c The statesman—parti 
cularly if he be inclined to follow the Psalmist’s advice— 
“from the ancients I gather understanding” (cmx 100)— 
will find here valuable information on ancient ethnography 
1n the full sense of the term—politics, political economy, 
law, military science, naval affairs, dc The true scholar 
will find out by the study of the Agadah that many a dis 
covery thought to belong to a recent age was well known 
to these ancient doctors 

The sources of the Agadah are five —(1) the Zargumum 
and especially those on the Prophets and Hagiographa , 
(2) the non canonical Mishnah (Mathnitho Boramtho, see 
MIsHNAB), which contains many valuable pieces, the age 
of which 18 often anterior, in essence 1f not in form, not 
only to those contamed im the canonical Mishnah, but 
also to the sayings of the New Testament , (3) the canonical 
(officially recogmzed) Afishnah, which contains several 
entire treatises of an Agadw nature, as Aboth,) Middoth, 
dc ,? and numerous pieces scattered here and thee among 
the Halakhah, (4) both Talmudim® (the Palestinian and 
Babyloman), which have thousands of Agadic notices 
interspersed in their Halakhoth, and (5) the Atdrashem, 
aat éLoyyv It i» of the last alone, as represented bv their 
principal collections, that we give an historical enumeration 


here — 

(1) DMegullath Taanih 1s an historical Midrash consisting of 
twelve Lerakim, aud is called so on the principle of lucus a non 
ducendo seemg that init are enumetated the days of the year on 
Which a Jew must not fist The Aramaic pait of 1t alone consti 
tutes the real Wegillah, and bclongs to the beginning of the 2d 
Chistian century * The edztro princeps came out at Mantua, 1513, 
4to but cheap editions hive been printed at Warsaw and elsewhere 

(2) S pher Ye rah 1s a yhilosophico cabbalistic Wedrash divi led 
into six Peralim, which, in them turn are subdivided into 
AMishniyyoth It is variously ascribed to the patiarch Abraham 
aud tok Akibah the illustrious teacher who suffered naityidom 
under Hadnan ‘lothis rabbi the book, no doubt belongs both in 
substance and form’ It has gone through numerous editious the 
ei princ being of 1562 (Mantua 4t>) and has been tianslated mto 
Latin, German and knglish (New York, 1877) 

(8) Othiyyoth de Rabb, Akibah is a quasi cabbalistic Wiarash on 
the alphabet belonging 10 essence 1f not in form, to the aforesaid 
teacher and martyr £d princ, Constantinoyle 1520, 4to 

(4) Mussekheth Hekhaloth is an astionomico cabbalistic ALdrash 
in seven Perahim Jt1s ascribed to h Yishmiel the high 4 nest 


1 A valuable edition of this treatise (in Hebrew and English) has 
been published by Dr C Layloi, Cambridge, 1878 

° To these we may add, for the sake of convemence although they 
do not, strictly speaking belong to the canonical AMihnah the Pere 
Rabh Meir ano the Agali jarts ot the Massehhtoth Aetannoth 

3 Two collections of I'almuds A yadoth were made early mn the 16th 
century —(1) Haggadoth Hattalmud Constantimoyle 1511 folio, of 
which apparently only five cojies are in existence the finest of these 
being preserved in the University Library of Cambridge ani(2) En 
Jaakob (or Ba Yisrael), of which numerous and cheap editions exist, 
the ed prine } eing that of Salomtha, 1416 22 

* Almost all that the latest critics have said concerming the age of 
the various Targumim and Midrashim will have to be unsaid Not 
only are negative statements difficult of proof in this case they are 
absolutely incorre t We shall only givctwoexamples The state 
ment‘ Vayyu ra Rabbah cannot be early, as Rashi did not know of xt, 
since he nowhere mentions it, 15 doubly incorrect Rashi does quote 
it(eg on Haggaii 1) Aguin the statement “ We must not omit to 
observe that no eaily Jewish commentator—Rashi, Ibn fzra, &e — 
mentions the Iargum cithert Pr verbs or to Joband Psalms, Nathan 
ben Jechiel (12th century) 1s the firt who quotes it contains a re 
ductw ad absurdum in itself For Nathan b Yehiel was as 13 well 
known, a somewhat older conten; orary cf Pashi (ob 1105), and hved 
full a handred years before Ibn Fra! 

5SeeT B, Synhedrin 6uband6 ¢ Ir the former 3 Jace it distinctly 
speaks of the Sepher Yezrah (1% TBD) and, although in the 


latter place 1t speaks of the Milekhoth Ye xrah (TY MYDD), there 
cannot be a doubt that Sepher (PD) and Hilekhoth (mab) are 
there identical Moreover, Mishniyycth and Halakhoth are, in a cer 
tun sense convertible terins (see MisHnaH), and our book (as 
remarked above) consists of Mrshniyyoth. 
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Judging from internal evidence on the one hand, and from what 1s 
known of R Yishmael in the Talmudim and Midrashim (Baba 
Berakhoth, 7a and elsewhere) on the other hand, there seems to be 
no valid reason for doubting that he 1s the author of this small but 
sublime book. This Midrash 1s printed in the collection Areze 
Lebanon (Venice, 1601, 4to) under the title of ‘' Pareke Hekhaloth” 
and ‘* Massckheth Hekhaloth,” and a MS of it 18 preserved 1n the 
University Library of Cambndge (Dd 10 11 7 2) The work, 
however, called ‘‘ The Greater and the Lesser Hekhaloth,” mn thirty 
Perakym, printed in this century, somewhere 1n Poland, contains, 
besides the ancient hteiature, a good deal of matter which 1s of 
much later date 

(5) Seder Olam (the Greater and the Lesser) are two historical 
Midrashvm, the former of which belongs to the 2d centary, whilst 
the latter (which 1s a mere extract of the former) belongs to a late 
age indeed (the Gaonaic) They have been repeatedly printed, 
always together, the ed princ being Mantua, 1518, 4to 

(6) Haggadah shel Pesah 1s a liturgical Midrash of the middle of 
the 2d century, as far as its main portions go It exists now in 
three principal and several minor recensions in accordance with the 
various rituals (see Mazon), and 1s recited at the domestic service 
of the first two Passover evenin The editions are too numerous 
to be mentioned, the ed princ Taine Constantinople, 1505, folio 

(7) Megillath Antihhos treats ostensibly, as 1ts name indicates, 
of the sufferings of the Jews under Antiochus Epiphanes, and their 
deliverance from his t)1anny, but m 2eality of the sufferings under 
Hadrian and their deliverance under Antommnus Pius The Aramaic 
text with the exception of a few inte1 polations, belongs to the middle 
ofthe 2dcentury This little ‘‘roll” was for the first time published 
by Filpowsky (London 1851, 82m0) A MS copy of the Hebrew 
1g preserved in the University Library of Cambridge (Dd 8 34) 

(8) Zohar (Midrash Hazohar, Mrdrasho shel Rabbt Shim eon b 
Yohar, Midrash Yehi Or, &c ) 1s a cabbalistic Midrash on the Pen 
tateuch, Canticles, Ruth, and part of Lamentations It 1s variously 
ascribed to the famous R Shimeon (disciple of R Akibah, &c ) and 
to R Mosheh b Shemtob of Leon (a second rate cabbalist of the 
time of Nahmanides and Ibn Addereth) ‘The Zohar belongs, 
strictly speaking to neither of these, whilst, im a certain sense, 
1t belongs to both The fact 1s—the nucleus of the booh 1s of 
Mishnic times and R Shimeon b Yohai was the author of the 
7ohar 1n the same sense that R Yohanan was the author of the 
Palestinian Talmud, 2 ¢, he gave the first impulse to the composi 
tion of the book But R Mosheh of Leon,* on the othe: hand, was 
the fist not only to copy and disseminate the Zohar in Europe, 
but also to disfi,ure 1t by sundry explanatory mterpolations For 
more details see Lumby, ‘‘ Introduction to the Epistle of Jude,’ 1m 
the Speaker s Commentary, vol iv p 388 The hrst two editions 
of the Zohar? on the Pentateuch came out simultaneously (Mantua, 
1558 60, 4to and Cremona, 1558, folio), and the ed princ on 
Canticles, Ruth and part of Lamentations came out at Salomka 
(1597, 4to) The best, though by no means cnitical, edition on the 
Pentateuch 1s that of Brody, 1873, 8vo Of translations, such as 
they are, there exist those of Knorrv Rosenroth, Kablala denudata 
(vol 1, Sulzbach, 1677, and vol un, Frankfort, 1684, 4to), and 
Tholuch, Wechtege Stellen, &c (Berlin, 1824, 8vo), &c ® 

(9) Pesskotho® (commonly, but by mistake, called Peszhta) 
derab Kohano 1s a homiletic Midrash consisting of thirty two 
Pesiktoth tor the principal festivals and fasts, and the historically 
noted sabbaths and other days Its of the end of the 3d or the 
beginning of the 4th century Having been but 1aicly quoted 
‘nce the 12th century, so that most scholars knew of it only 


®R Mosheh of Leon 1s a tair sample of the mediocrity of lis time 
in cabbalistic lore, and combined, as 15 usual, with his mediocrity an 

amitable vanity, see MS Dd 11 22 (Cambridge University Library), 
leaf2a ‘‘ And I adjure every one who should deeply study this book, 
or who should copy it, or read it, that he do not blot out my name 
from my property (inheritance), for I have composed 1t This 
statement alone would suffice to prove that R Mosheh of Leon could 
never have ascribed a book composed by himself to anybody else 

? The Zohar, cleared of the main works by which it 19 surrounded, 
aud of the interpolations by which it has been dishgured both by its 
first European copyist and by others down even to our own days, was 
begun in Palestine late in the 2d or early in the dd century, and 
finshed, at the latest, m the 6th or 7th century Jt 18 impossible 
that 1t should have been composed after that time and before the 
Ren ussance, as both language and contents clearly show 

§ Whilst the principal editions of the many textual extracts made 
‘rom the Zohar (as the Iddevoth, & ) need not be specified here, those 
f the following supplementary and kindred works ought to be men- 
soned —1) Tikkune Hazzohar (ed prnc Mantua, 1557, 4to), and 
2) Zohar Hadash (ed jrinc Cracow, 1603) Nor should the Konires 
massepher Hazzohar, Hibburo Tunyono (by the otherwise very learned 
Yitshak b Mosheh of Satanow) be passed over It 13 a mere imitation 
of the Zohar,—an imposition of a kind which 18 @ disgrace to literature 

*¥For the three Midrashim—Mekhilto, Syphro, and Siphere—see 
under MISHNAH 
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indirectly, it was long considered lost, till, in 1868, Salomon Buber 
of Lemberg, 8 man of learning, wealth, and love for the ancient 
literature of his nation, edited it from four MSS, one ot which 
(formerly in possession of Carmoly) 1s now preserved in the Uni- 
versity Library of Cambridge (Add 1497) The printed edition 
appeared at Lyck, 8vo 

(10) Feskto Rabbathi, consisting in the latest edition of eighty- 
four Piskoth, 18 a Midrash of the same nature, and, in its main part, 
almost of the same date, as (9) Both drew from the same sources 
This Midrash has been edited five times,—the latest, best, and 
cheapest edition being that of Fnedmann (Vienna, 1880, 8vo) 

(11) Tanna debe Eliyyahu consists of two parts, the Greater 
(Rabbo) aud the Lesser (Zutto),—the forme: in thirty one and the 
latter in twenty five Perakum It 1s an exegetical Midrash, the 
name of which 1s already known to the Bereshith Rabbah (c hv ) 
and the Babylonian Talmud (Kethuboth, 1062) It 1s only un 
critical criticism that can declare it a Gaonaic work, although, like 
all other old books of the Jews, it 1s not without later additions 
Ed prone , Venice, 1598, 4to There are modern and cheap Polish 
editions 

(12) Midrash Rabbah (N37) of Rabboth (N37) 18 chiefly an 
exegetical and homuletical Midrash on the Pentateuch and the 
‘Five Rolls” (Hamesh Megilloth, 1 e , Cantules, Ruth, Lamenta 
tions, Ecclesiastes, and Esthe1) It 1s called Rabbah either fiom 
the third (the first distinctive) word of its beginning (‘YY 139 

13%) or from its being the most voluminous! Aftdrash , hence 
also Rabbo (S27) The Afrdrash on Canticles (and Ecclesiastes) 
1s now and then also called Midrash Hantha (from the first distinc 
tive word of the beginning NM) These ten Afedrashim are, 
certainly, of vatious styles and ages, yet none of them 1s, inte1 

lation excepted, later than the beginning of the 5th century 2 It 
1s remarkable that, although the Meguloth themselves had been earl 
attached to the Pentateuch (since they were long before the 10t 
century, and still are, read through the srnasoalt ear, even aS Was 
and still is the Pentateuch itself, the Rabboth had no common 
edatio pr inceps’§—that on the Pentateuch appearing for the first time 


1The Rabbah on Genesis has 100 Parshiyyoth, that on Evodus 52, 
that on Leviticus 37, that on Nu nbers 23 and that on Deuteronomy 
11 These five Midrashim arc quoted according to their chipters The 
Rabbah on Canticles accommodates itself to the sacred teit, and 1s 
quoted accordingly Ruth has 8 Parshiyyoth, and 1s quoted according 
to these Lamentations has 1 chapter consisting of 33 introductions 
(Peththotho Dehakkime), accommodating itself, for the rest, to the 
sacred teat kxclesiastes has 3 Sedarwm, and Esther has 6 Parshiyyoth 
At various times various modes of quoting these Afidrashim are 
current,—the most common and most expedient however, being that 
of quoting them accoiding to the verses of the Bible 

2 Here mght with advantage be mentioned some pieces of literature 
which are kindred in nature, although some of them are of much 
earlie: date, whilst others are much later, than the ten Afidr ashim 
Just mentioned —(1) Agadath Bereshith on Genesis, m eighty three 
chapte1s —edited for the first trme oy R Menahem de Lonsano in his 
Shete } adoth, Venice, 1618, 4to, (2) Afidrash Vayyisau on Genesis 
xxxv 5, 1n one chipter,—to be tound in Jellineh » Let ha Midvasch, 
Leipsic, 185 8v0, (3) amplifications of chapter lx. of our Afidrash 
Rabbah, on Genesis xxvin 22, by the incorporation of the whole 
Apocrvphon Tobit in Aramaic, &c (see The Book of Tobit &c, 
Oxford, 1878, 8v0), (4) Aftdrash Vayyosha on Exodus xv 30, as 
1-18,—piinted at Constantinople, 1519, 4to, a MS of this Widrash 
is preserved in the University Library, Cambridge (Add 854) , (9) 
Midrash Asereth Haddibberoth on Exodus xx ,—printed in Jellinek $ 
Bet ha Midrasch, Leipsic, 1853, 8vo , (6) Midrash Petirath Aharon 
on Numbers \\ 23-29, (7) Afidrash Petw ath Mosheh on Deuteronomy 
xxxiv , (8) Widrash Abbo Gorion on Lsther , the last thiee are to be 
found in the before mentioned Bet ha Midiasch , (9) Uudrash Shemucl, 
also cilled, fiom its beginning, Ath laasoth Ladonaz, Constantinople, 
1517, folio, (10) Afidrash Yonah, Piague, 1595, 4to, (11) Wedraoh 
Tillum (Tehillim), 1512, (12) Midrash Mishele, 1517, the last two 
are piinted at Constantinople, and in folio, (13) Sepher Hayyashar 
(in which a good many old traditions are preservel, although 1t 13, 
of conise, not the one mentioned m vatious boohs of the Bible), 
Venice, 1625, 4to, (14) Dibere Hayyamim shel Mosheh, Constant 
nople, 1516, 4to, a fragment of this 1s to be found m MS Add 
532 4 in the University Library of Cambridge , (15) Yosephon (or 
Josippon), various works of Flavius Josephus worked up rather fieely, 
Mantua, 1480, tolio.—translated mto Latin (German and Spamish) 
sevetal times, (16) Zerubbabel, Constantinople, 1519, 8v0, (17) Billed 
Ezkerah on the ‘‘Ten Martyrs ” For several other smaller Aftd2ashim 
see Jellinek s Bet ha Midrasch, 1 and un, 1858, m1, 1855, 1) , 1857, 
all at Leipsic, v, 1878, and vi, 1877, both at Vienna, and comp 
also Horowitz, Sammlung Aleuner Midraschum, 1, 1, Frankfort, 
1881-82 The Midrashum on Isaith and on Job seem now 1rretriey 
ably lost 

3 As it to compensate for this diawback, the well known Cornelio 
Adelkind brought out at Venice, mn 1545, two editions of the Rabboth 
on the Pentateuch and Meguloth, the one at Bombergi s house and the 
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in 1512 (Constantinople, folio), and that on the Megilloth wn 1519 


(somewhere in Italy, MN'OW'N NIDA, alsoi folio) The latest 
and best edition 1s that of Vilna, 1880, folio A translation in 
German 1s now coming out at Leipsic, by Dr A. Wunsche 

(13) Pureke de Rabby Eliezer (also called Borartho de-Rabla 
Elvezer) 18 an astronomico-theosophical AMzdrash consisting of 
fifty four Perakum It goes through the so-called “eighteen bene- 
dictions,” the signs of the zodiac, &c , butis unfinished It belongs, 
no doubt, to the 5th century The fact that the name ‘‘ Fatima” 
occurs 1n it 1s no proof whatever that the book 1s post Mohammedan, 
as that name must have been alieady known to the 1dolatrous Arabs 
Hd prin, Constantinople, 1514, and with a Latin translation, 
Leyden, 1644, both editions being im 4to There ase also now 
to be found cheap editions (Lemberg, Warsaw) 

(14) Tanhuma 1s an exegetical and homuletical Jfdrash on the 
whole Pentateuch It 13 quoted according to the Parshiyyoth of 
the week Although originally of the end of the 5th or the 
beginning of the 6th century, 1t has now two puincipal additions, 
which form pait of the book .—{1) scveral of the Sheetloth of Rab 
Aha: Gaon (of the 8th century), and (2) several pieces of the 
Yesod of R Mosheh Haddarshan, of Narbonne (of the 11th century) 
On its relation to the ‘‘ Yelammedenu” (often quoted in the 11th 
century, but supposed to be lost) light will soon be thrown by the 
before reationel Salomon Buber, who 1s now preparing a ciitical 
edition of 1t The ed prince of the Tanhuma 1s Constantinople, 
1522, folio, and a very valuable MS copy of it 1s mm the Cam 
bridge University Libiary (Add 1212) 

(15) Baher is a small cabbalistic Medrash ascribed to the pre- 
Mishnic teacher, R Nehunyah b Hakkinah,—no doubt from 
its beginning with the wor - MIpPNn es MIWI 837 WON 
Nahmanides (0b ¢ 1268) quotes this book often in his commentary 
on the Pentateuch, under the names of Sepher Habbahir, or of 
Midrasho shel Rabb. Nehunyah b Hakkanah Some have pro 
nounced this work a late fabiication, but others, who have 
thoroughly studied it, justly describe 1t as ‘‘ old in substance if 
not inform ’ £d prince , Amsterdam, 1651, 4to A cheap edition 
appeared at Lemberg (1865, 8vo), and a MS of this work 1s pre- 
served in the University Library ot Cambridge (Dd 10 11 4) 

(16) Yalkuét i» the only existing systemitic 1 not exhaustive 
collection of the Agadoth on the whole Bible Its author diew not 
only from most of the Aftdrashim namcd in this article, but also 
from the Borarthoth (see MisHNan), both Talmudim, and the 
Midiashic works now lost (as the Abkhi, Hasshehhem, or 
Hashhem, &c)5 This fact constitutes one of the principal points 
ofits value The author was R Shimeon, biothe: (and not son) 
of R Helbo, and father of the distinguished gianimaiian, critic, and 
divine R Yoseph kara He hived somewhere 1n the north of Fiance 
in the 11th century ‘The ed prince of the VYalhut on Ezra, 
Nehemith, and the books of Chronicles came out at Vemice, 1517, 
folio (an the first Rabbinic Bible), that on the Prophets and 
Hagiographa 1n 1521, and that on the Pentateuch in 1526-27, both 
at Salonika, and in folio An English translation of the whole 
work has been undertaken by a band of Rabbinic scholars in 
Cambndge The first instalment, ‘‘The Yalhut on Zechanah,” 
by E G King, BD, Hebrew lecturer of Sidney Sussex College, 
appeared in 1882 This specimen, besides giving a conect trans 
lation, contains many valuable notes 

(17) Lehah Tob 1s a Midrash on the Pentateuch and the five 
MMegrlioth, by R Totnyyahu b Eliezer of Greece, who Jived duiin 
the crusade of 1096 This work diaws, cettainly, upon the old and 
well known Midrashim, and as such it would have thoroughly 
deserved the censure passed upon it by the witty but somewhat 
uieverent Abraham Ibn Ezra (in his preface to his commentary 
on the Pentateuch) But the Lehah y ob has also most valuible 
explanations both by the collector himself and by his father (R 
Eliezer), a fict passed over by Ibn Ezra in silenre The Lehah 
Tob on Leviticus Numbeis, and Deuteronomy came out for 
the first time at Venice, 1n 1546, folio, under the title of Peskto 
Zuttarto (see leaf 938b mn the postscript by the editor, NNP*DHN 
NVM, which explains the somewhat vague title on the title- 
pige NMI IN NNW RNP DE) = In 1753-54 it was 1epub- 
ished at Venice, with a Latin translation, by Blasius Ugolinus 
in lis Thesaurus Antiquitatum Sacrarum (xv -xvi) under the 
name of Pesictha The Lehah Tob on Geneus and Exodus was 


ther at Giustinianis ‘These two editions differ in nothing but m 
the title pages, &c , and the vignettes of the various boohs The 
former edition 13 in possession of Dr W Aldis Wnght, and the latter 
in that of DrC Taylor The fact of these editions having appeared 
simultaneously 18, apparently, unknown to the bibliographers 

4It 1s noteworthy that in this edition Ahashterosh, 1 ¢, Esther, 
stands between Lamentations and Ecclesiastes, with which latter the 
Midrash on the Megilloth ends 

5 We may mention here the ed princ of three cabbalistic Midrashic 
collec tions which go under the name of J alkut —(1) lalkut Hadash, 
Lublin, 1648, 4to, (2) Falkut Reuoent Hakiatan, Prague, 1660, 
4to, and (3) Yalkut Reubent Haggadol. Wilhermsdorf, 1681, folio. 
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ublished, with a critical commentary, at Vilna, by Salomon Buber 

1880, 8vo), where also simultaneously a third edition of this 

Midrash on the last three boohs of Moses, with a short commentary 
on it, came out by Aharon Mosheh Padova, of Carlm The Lekah 
Tob on the five Meqilloth 13 as yet unpublished , there exist, how- 
ever, several good MSS of it, both im public and private libraries, 
the finest cop) in every respect being that preserved in the Un- 
versity Library, Cambridge (Add 378 1) 

(18) Wenorath Hammaor 1s a scientific, aera incomplete, 
collection of the principal Agadoth of the Talmudiym and 
Midrashim, byR Yizhik Abohab the elder(flounshed 13th century) 
The editions, with and without translations, are very numerous, — 
the cd princ being Constantinople, 1514, folio There are trans- 
lations 1n Spanish, Judo German, and German, but not in English 

We append two specimens of AMzdrashim,—the first from 
Pesikotho, leaf 1276, and the second from Midrash Shemoth Rabbah, 
cap u 

First Sprciues —The Holy One (blessed be He ) sald to the Prophets,! Go ye 
and comfort ye Jerusalem ! 

‘hen went Hosea to comfort her and said The Holy One (blessed be He') sent 
me to thee to comfort thee ‘She said What hast thou in thine hand to comfort 
me’? The Prophet said (siv 6[5]), I will be ag the dew unto Isiacl' But 
Jerusalem said to him ly yesterday thou toldest me (1x 16) Ephraim 1s 
smitten the root 1s dried up they shall bear no fruit vea thongh they biing 
forth yet will I slay even the beloved fruit of their womb! and now thou 
speahest tome thus Which shall we believe the first or the second prophecy ? 

Then wert Jog! to comfort her and said The Holy One (blessed be He‘) sent 
me to thee to comfort thee She said to him What hast thou in thine hand to 
comfort me? The Prophet said (1, 18) “And it shall come to pass in that 
day that the mountains shall diop down new wine and the hulls shall flow with 
milk &c! But Jerusalem said to him Only yesterday thou toldest me (1 5) 

Awiale ve drunkards ind weep and howl all ve drinkers of wine, because of 
the new wine for it is cut off from your mouth and now thou speakest to me 
thus Which shall we believe the first or the second pr phecy? 

Then went Amos to comfoit her and said Thc Holy One (blessed be He ) sent 
mc t thee tocomfort thee She sud to him What hast thou in thine hand to 
comfcrt me? The Prophet said (x 11) ‘ In that dav will I raise up the taber 
nack of David that is fallen! But Jerusalem saidto him Only yesterday thou 
toldest m (1 2) The Virgin of Israel is fallen she shall no more mse and 
now thou speahest to me thus Which shall we beleve the first or the second 

rophecy ? 
r Then ait Mican 2? to comfort hei and said The Holv One (blessed be He’) 
sent me to thee to comfort thee She said to him What hast thou in thine hand 
to comfort me? The Prophet said (vi 18) Whois a God like unto Thee that 
pardoneth iniquity and passcth by the tiansgiession of the remnant of His 
hentage? But Jerusalem said to him Only yesterday thou toldest me (1 5) 
‘ For the transgies ion of Jacob 1s all this and for the «ns of the house of Israel, 
&c' and now thou speakest to me thus Which shall we belive the first 01 
the second prophecy ° 

Then went NAwUM to comfort her and said The Hols One (blessed be fle ) 
sent me to thee to comfort thee She said to him What hast thou in thine hand 
to comfort me? The Prophet said (1 1{1 lo}) For the wicked shall no moie 
pass through thee But Jerusalem said to him Only yesterday thou toldest 
me (i 11), Tlereis onc come out of thce that imagincth evil against the Lord 
a wicked counsellor! and now thou speakest to me thus Which shall we 
believe the first or the second prophecy ¢ 

Then went HaBAKKUK to comfort hei and said The Holy One (blessed be He ) 
sent me to thee to comfort thee She said to him What hast thou in thine hand 
toc mfort me® The Prophet said (1 13) Thou wentest forth for thc salvati o 
of Thy people even fot the salvatior with Thine Anointed Qne' But Jerusalem 
sailit tim Only vesterday thou toldest me (1 2) O Lord how long shall I cry 
and Th u wilt not hear cven ery out unto Tree of viole ce and lhou wilt not 
sive and now thou speakest to me thus Which s}all we believe the first or 
the second prophecy 

Then went ZEPHANIAH to comfort her and said, The Helv One (blessed be He') 
sent me to thee to comfort thee She sud tohim What hast thou in thine hand 
tocomtort m? The Prophet said(2 12) Andit hall come to pass at ti at time 
that I shai seaich JerusalLm with hghts But Jerusalem said to him Only 
vesterday © 7" BO ES we a . 

. r the « 
prophecy 

Then went Hiacal to comfort her and said The Hcl One (blessed be He ) 
sent me to thee to comfort thee Shesudto him What hast thou in thine hand 
to comfort me® The Prophet said (1 19) Isthe seed yetin the barn \¢a as 
yet the vine and the fig tree and the } »megranate and the olive tre hath not 
brought forth frem this day will I bless you But Jerusalem sail to him 
Only yest 1day thou to dest me (1 6) ‘Ye have sown much and bring in little 
&c' and now thou spcakest to me thus Which shall we behcve the first or 
the second prophccy 

Then went ZecuaniaH to comfort her and said The Holy One (blesse] be Te ) 
sent me to thee tc comfu t thee She saidto him What hast thou in thine hand 
tocomf rtme? The Piophct said (1 15) And I am very scie disyleased with 
the heathe 1 t! at are at easee for | was but a little disylcased and they helped 
forwai | the affliction But Jerusalem said to him Or ly ves erday thou tuldest 
me (1 2) The Lord hath been sorc displeased with your fathers and now thou 
sp akest tome thue Which shall we beheve the first cr the last proy hecv 

Then wont Matacur to comfort her and said The Holy One (blessed be He') 
sent me to thec to comfcrt thee She said to him What hast thc u in thine hand 
to comfort me Ti I: plet said (4 12) And all naticns stall call you 
blessed for ye shall be a dchightsome land But Jerusalcm said to him Only 
yusterday thou tullest me (1 10) I have no dehght in you ani now thou 
speakest tome thus Winch shall wetcl ve the first cr the last y roy hecy ¢ 

Then went all the licythets te th I cly One (blessed be He!) saying to Him 
Lord of the Unive se Jerus lem will n tacccpte ns lation at urhands Then 
the Holy One (bicssed be He ) said t them Lard ycu will together go to 
comfort her and this zs why it says (Isaiah x} 1) C mfcrt ye comfcrt ye MY 
PgsOPLe, comfort her wirnk Kr 3 Comfort her ve ccle tial «nes comfcrt her ve 
terrestrial oncs' Comf rt her vc} ing oncs comfort hi yc dead ones! 
Comfori her in this world comfort her in thew rlit ccne 

1 Comp Pestkto Rabbatht ed Fmedminn leaf 13% 

2 See Pestkto Rabbath: (ed Friedmanr leaf 1355) where it says (before the 
cing on Jahum), Obadyah prophesied forEdom and Yonah for Nineveh 








ft {s true, isaier. g.oss, but it is the true reason why these two prophets 


are left out 
8 There 18 a play here uprn the meaning of the Hcbrew *t)3) which may be 


read either Amme (“my people jor Jmmt( with me ) 


MIE—MIE 


Szconp Specimen —And whom does He try? The righteous one, for ft 
(Ps xi 5) ‘‘ The Lord trieth the righteous ’ And by what does He try him? 2 
the feeding of sheep David He tried by sheep and found him a good sheph 
for it says(Ps Ixxvill 70) ‘ And He took him from the ‘restraints of sheep 
What 1s the meaning of ‘Msemmtkhleoth? The root is the same as that of ‘vayytt- 
Late [haggeshem] (Gen vii 2), And the rain was restrained David restrained 
the big sheep in favour of the small ones He brought out first the young ones, 
#0 that they should feed on the tender herbs then he brought out the old ones 
that they should feed on the less tender herbs and, finally, he brought out the 
stiong sheep that they should feed on the coarser herbs Upon thisthe Holy One 
(blessed be He') said, He who understandeth to feed sheep according to their 
strength let him come and feed My people' And this it is what is written 
ve Ixxvin 71) From following the ewes great with young He brought him to 

ced Jacob His people!’ And the same was the case as regaids Moses, whom 
the H ly One (blessed be He ) tried by sheep Our rabbis say, When Moses our 
teacher (peace be upon him!) was feeding the sheep of Jethro in the wilderness, 
a kid ran away from him, and Moses ran after it till they came to a mountain 
hollow When it had reached the mountain hollow there wasa pool of water, 
and the kid stood still In order to diink When Moses :eached the kid he sald to 
it, I did not know that thon didst run away from me because thou wast thirsty and 
famt Thereupon he put it on his shonide:s and walked back with it to the 
flock 4 Then said the Holy One (blessed be He!), Thou art compassionate in the 
feeding of sheep belonging to mere flesh and blood (man) as thou livest, thow 
shalt feed My flock even Israel! Behold, this it is that is wiltten (Exod iff 1), 
* And Moses was feeding the flock, &c (S M8 8) 


MIEDZYRZECZ PODLASKI (Russian, Meyeryechre), a 
district town of Russian Poland, m the government of 
Siedlce, 16 miles to the east of the government capital, 
on the railway between Warsaw and Brest-Litovskiy It 
1s first mentioned in the year 1390 as a feudal dominion 
of King Yaghello After frequently changing hands it 
became the property of the Czartoryski, and afterwards 
of the Potocki family, whose palace 1s still to be seen in 
the town Its 10,000 inhabitants—half of whom are 
Greek nonconformists, and half Jews and Poles—carry 
on some trade in bristles, and pursue minor industries 

MIERIS, the name of a family of artists who practised 
painting at Leyden for three generations in the 17th and 
18th centuries 

I Frans van Mreris, the elder, son of Jan van Mierts, 
a goldsmith and diamond setter, was born, according to 
Houbraken, at Leyden on the 16th of Apml 1635, and 
died there on the 12th of March 1681 His father wished 
to tram him to his own business, but Frans preferred 
drawing to chasing, and took service with Abraham Tor 
envliet, a glazier who kept a school of design As often 
happens, the youth’s style was influenced by his earliest 
surroundings In his fathers shop he became familiar 
with the ways and dress of people of distinction, His 
eye was fascinated in turn by the sheen of jewellery and 
stained glass, and, though he soon gave up the teaching 
of Torenvliet for that of Gerard Dow and Abraham van 
den Tempel, he acquired a manner which had more of the 
fimsh of the exquisites of the Dutch school than of the 
breadth of the disciples of Rembrandt It should be 
borne in mind that he seldom chose panels of which the 
size exceeded 12 to 15 inches, and whenever his name 14 
attached to a picture above that size we may surely assign 
it to his son Willem or to some other umitator Unlike 
Gerard Dow when he first left Rembrandt, or Jan Steen 
when he started on an independent career, he never ven 
tured to design figures as large as life Characteristic of 
his art in its minute proportions 1s a shiny brightness and 
metallic polish The subjects which he treated best are 
those in which he illustrated the habits or actions of the 
wealthier classes, but he sometimes succeeded in homely 
incidents and in portrait, and not unfrequently he ven 
tured on allegory He repeatedly painted the satin skirt 
which Terburg brought into fashion, and ho often mvalled 
Terburg in the faithful rendering of mch and highly 
coloured woven tissues But he remained below Terbuig 
and Metzu, because he had not their delicate perception of 
harmony or their charming mcllowness of touch and tint, 
and he fell behind Gerard Dow, because he was hard and 
had not his fecling for effect by concentrated hght and 
shade In the form of his composition, which sometimes 
represents the framework of a window enlivened with 


4 Who, on reading this does not think of such passages in the New Testament! 
asMatt xviii 12,xxv 21,and Johnx 14? 
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greenery, and adorned with bas reliefs within which figures 
are seen to the waist, his mode] 1s certainly Gerard Dow 
It has been said that he possessed some of the humour of 
Jan Steen, who was his friend, but the only approach to 
humour in any of his works 1s the quaint attitude and 
look of a tinker ina picture at Dresden, who glances know 
ingly at a worn copper kettle which a maid asks him to 
mend 

It 1s a question whether Houbraken has tiuly recorded 
this maste:s birthday One of his best known ypuects, a 
part) of ladies and gentlemen at an oyster Iunchcon in 
the hermitage at St Pcteisburz, bears the date of 160 
Celebrated alike for composition and finish, it would 
prove that Mieiis had reached his prime at the age of 
fifteen Another beautiful cvample the Doctor Icclm. 
« Ladys Pulse in the gallery of Vienna, is dated 1656 
and Waaigen, in one of his crftical es ays, justly obsaves 
that it 1s aremukhable production for 1 youth of twenty 
one In 1657 Miers was manied at Leyden in the 1 1¢ 
sence of Jin Pothcuck a pamte, and this is the carhe t 
wiltten reo id ct Lis existence on which we can my hath 
rely Of the numerous pinels hucwn to the wate ct 
these lines, twenty nme at Ic ist arc dated,—the litest 
being an allesory, lous im the Ruhl collection at ( vloune, 
lusti iting the hinlied vices of dimking, smoking, wd 
dicins, in the yeu 160 

Vies had numcous and distinguished pation, He 
receiv cd valuable commissions irom. A\ichduke Leo} old the 
elector palatine, and Cosimo JIL mand duke of Tuscany 
His practice was Lu se and lucrative, but never enszenducd 
m him either carelessnces oF nezlect Tf there tea diffu 
ence betwoen the punters eulicr ind later work, it 1 that 
the turmer wascleuc ind more dchicate in flesh wlilst the 
latter wis often duke and more livid im tle shalows 
When he died his chents natm ally went over to his scn 
Willem wao im turn bequeathed his pamtinz 100m t> his 
son Tiins) But neithur Willum nor Lians the younze1 
equilled J ans the clda 

I] Wiruiw van Mirits (1602-1747), son of Trans 
His works are extremely numeous, bem partl, mtr 
tions of the paternal subjects, or mytholog cal episcdes, 
which {rims habitually avoided In no crse did he come 
nou the ercell nec ct his sare 

TIL Ti ans van Mittis the youn le (1089 1763) also 
lived on the traditions cf Ins pan thathers y untim, roc 

Vc qi tu sofdlth Qnriwarrs ttl Mian timbwi ou 
cessfully umt tel ty A 2 Sniphin vho ls bat laa ml 
wiqyitrizdivth mt tihl Dou LT th wh wal 


stuly hi Tooytn far ft ut avi toth LW nud W ht 
ned | ssimmy athilan tr ud 


VMIGNARD, Potit (1610 1695) eled—to di tinrush 
him from lus brotha Nicholas Te Roman, was the chic 
Lr nch portrut punta of the theantwmy He wastom 
at roves in 1610) and came of a tumily of puntas In 
1630 he Jett th studio of Simon Vouct tar Italy where 
be s; nt twenty two vous andl made a icputaticn which 
biouwht lim a summons ty Puas Successtul with his 
portrut of the hing wndint sau with the comt Vig ud 
puted himsclt azunst Lo Bim dudlined to cata the 
Academy of which he was the head, and made hima lf the 
centre of opposition to its authority — The history of this 
stiuzzle is most unpoitint, beciuse it wis identiau, as 
fong as it listed, with thit between the old guilds otf 
Line and the now body whrh CUbut for pohtical 
1ewons, Was detumuned to support — Shut out im spite of 
the deserved success of his decorations of the cupch of 
Val de Grace (1664), from any gicat Shue in those jul lie 
works the contiol of which was the attribute of the new 
Academy, Mignaid was chiefly active im portraiture 
Turenne, Bowsuct, Mamtenon (Louvre), La Vallicre, Suvigne, 
Montespan, Descaites (Castle Howard), all the beautics 
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and celebrities of his day, sat to him His readiness and 
skill, bis happy mstinct for grace of arrangement, atoned 
for want of originality and real power With the dcath of 
Le Brun (1690) the situation changed, Mignard descrted 
his allies, and succeeded to all the posts held by his 
opponcnt These late honours he did not long enjoy, in 
1695 he died whilst about to commence work on the cupola 
of the Invalides His best compositions have been en- 
frayed by Audran, Edelinch, Masson, Poilly, and others 
MIGNONETTE, 01 Viunonnitiz (ze, “little dar- 


llm, ), the name given to a poy ular garden flower, the 


Reved t odor ttt of botanists, a “fragrant weed, as Cowper 
ills it, highly estecmed for its dele ite but delicious perfume 
The mignonctte 1s gencrally regarde | as bemg of annual 
duation, and is a plint of diffuse decumbent twisgy habit, 
cuecly icaching a foot in heipht «) thed with bluntish 
lu ccolate cntire or three lobed Icavcs, and bearing Icncish 
yikes technically racemes—of rathar msignificant flowers 
it the cuds ot the numerous brauches and branchlets 
fh ylant thus naturally assumes the form of a low dense 
nis ct soft creen folate studded over fiecly with the 
rucm of flowa = the litter unobtrusive and hhcly to be 
eval ched until then diffused frarance compels attention 
‘Lhe nitive country of the origimal or typical mignonette 
Jas somctunes } cen considered doubtful, but according to 
the Tust and dite t authorities it has been srthercd wild on 
the Nath Afncan cort newr Alen m Loypt, and in 
Syvua As ty ats introductim, 1 MS note in the lhbiary 
ot Sn Joseph Bouks records that it was sent to Ln land 
fiom Tui im 1742, and ten years liter it appears to have 
Leen cnt ticin Leyden to Phihp Villa at Chelsea = Though 
cumilly a cnda ond 1ther stra.glin. ] lint, thare are 
noW sce imp1 vel caden varieties in which the crewth 
IS More Cony wt wl yizorous and the ntlcscance be idea, 
thouzh theo wos perhips less penctratin, Tle ~mall 
ss petuded f wears ae somewhat cu usin stiuctme the 
twoupper pet Is ue ducer, conceive and turnished at the 


| back with a tuft of au! shapel filuments, which yives 


them the yyperiee cf Peimys deeply incised wlule the two 
lowest petols are much sindler and undivided the most 
conspicous pit comsts of the uthers, which are 
numerous ani ct ab owm hacd, civine the tore ot colom 
to the inflorescence In a new vaniety named Golde. 
Queen the uehas hiv a decide t trit ot Glance yellow, 
Which my uts — buchtar Joleen le to the 7 hints when 
milo mv bandseme prchtear iw cr acuble flowered 
vanety his lo been oltam | which as hhely to be a vers 
usctul decorative plant th uzh only to be pio, wated by 
cuttinss the double white flowers crow im tare massive 
panicles (prolitursus ricemes), and are cywaly trigram 
with those ct the o1dma1y torms 


Whati odo ltr mon nett moulen 1 7? ot tl skill t 
th ult t1 Tho hye treally a bath urud heady 
pn odosme at Hhwos danliunth th tu r nlasutt arly 


le th v Ly th tumnil fret onetheuha 
imnidint nir hliratty Det ntuns2 th 
th rinutt Wh nun 
vinls wile atmu tei w 
Miovr the htt 


mvt prolon, dito 


thd w lure 
Aoartadthe ty, 
thr plints treated im Fngiind w 
nik ptin wsuitul temperiture 
itm plarts cit a semmnnud hia tet 

cnT season if then flowauny ind s ¢ ling 
1 ypersstenth yrsvont t In applying these fits t th pro 
diction of tr nign nt the gardene grows o1 the voun, 
plant untarisoinlyiy nts then flowermg by ny ying ct the 
1? ming tys of the shoots so that they continu then vo etutive 
wlowth into the « onds ason = Thc young plints ue at fin t sup 
po1tel im om «ict position, the Jateris bez removed s ? 
seu cl mupusht stems ml then it the haght of on 1 two 
{ctor mom wmayb den d, a healot brinch sis cn wid 
to develop itself In thas way very Jirge plints © mde pro luced 

Jor ordin vy ies » however, other plans are akpt d= Inthe 
open borders of the flow 1 zuden miznonett rs usually sown in 
sping ad m great pirt tikes care of itself but, beans a frvourite 
either for window or balcony culture, and on account ofits fragrance 
a welcome imate of town conservatolits, 1t 1s also very extensively 
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giuwn asa pot plant, and for market purposes with this object 1t 18 
sOWL 10 pots in the autumn and thinuel out to give the plants 
requisite space since 1f docs not tran plant well, and it 1s thereafter 
specially gro vn in its protected fiom fiosts aud muketed when 
just arving it the blooming sti,e In this wy hundteds of 
thousin ls y1 Libly of pots of b oming un,uonctte are raised and 
dis} oscd of year by yeu 

In cli stfyin,, the odours given off bv plaints hummel 1inks the 
mign nett in the class of which he makcs th violet the type and 
Fee ad 1 ts the sune view ret ming It t> his cliss of ‘10m01 1s 
al n, with the violet ind wuifl wo 

Ihc name ts som times but it woul lay} car less correctly, written 
mi,mon tte Lhe genus fics ¢¢ contiums some ovher wnteresting 
anl uscful sp ce —amonz them tl JA sela Lutcolt which is 
commonly called dv isweed nl wl! 
yellow dye 


MIGUEL, Marta Ev aris (1802 186() usually known 
as Don MicunL whose name 1s clucfly a socrtted with his 
pretensions to the throne of Port i,u, wi the thud son of 
hing Jchn VI of Portu.al, and of Carlotta Jowduma, one 
of the Spanish Bombons he wis born at Lisbon on 
October 26, 1802 In 1807 he accompamed his parcnts 
in then fisht to Biizil where be was permitted to grow 
up a spoiled child and i worthless yeuth =m 102], on his 
return to Europe, it ws sud thit be had not vet Ieaine 1] 
to reid) In 1822 his father swore fidelity to the new 
Poitusuese constitution which had Leen proc! umed in his 
absence and this led Carlett: Joichimi who wis an 
abso utist of the extieme t Bourbon type and otherwic 
hited har husband, to resolve to seek Ls dethronement m 
favour of Miguel her favomite son The imsurrecticns 
which ensued (sce Por tu 1L) resulte Lin her rcleziticn to 
the castle of Queluz and the exe of Vauel (1824) v ho 
spent 1 Short time im Pars and iftarw uds lived in Vieni 
where he cime undu the terchin, of Metterm hb = On the 
sudder death of Johu VI m Mov 1820 Pedro of Brazil 
his eldest son renouncel the Gown am favour of bis 
daushtu Mioua da Glau ca the undastinding that she 
should tecome the wite of VMiucl The Iast nained 
accordingly swore allegiince to Pedr ot) Vuii id te 
the constitution which Tedio hid inti Iuccd int on this 
footins Was appointed reent m July 1827) He ariived 
m Lisbon m February 282% aml icgadles cf his 
promises, disoolved the tev Cortes mm Much hime 
called together the old Cortes with the supy it of the 
reattionary party cf which his mother wis the ruling 
spirit he got lumoclf proclanned sole leoitimate hing of 
Portugilin July Lhe pow which hed way ed he 
wielded in the most tyrummical mune tor the 2 } lesson 
of all liberalism and his privat) Pte was charactaied 
by the wildest excesc = The publi cpimor cf Luncpe 
became more and moie actively he ale ts dus rer und 
after the occupation of Ojcito by Dou Pelo nu i832 the 
destiuction of Mi.ucls fleet bv Captum (ate wud Sn 
Charles) Napier off Cape st Vauccut in Iso5 anl the 
victor) of Saldanha at Suntaem m Tsod Queen Christine 
of Spain recognyel the Ieoitimate vaeienty cf Marta, 
and in this was followel by Liance and Puglail Don 
Miguel capituluted at Evora on May 29, [sot ren uncmy 
all pictensions t» the Foituguese thacy aid | mn 
promising never thencefeiwad to meddle om fonm mar 
ati us He lived fer some time at Lome wh ic he cu 
joyed pajal recoriti un bit vfte wards ictired tc bioun 
bach, in Baden wicte he didn No mbu 14, 156 

MIGULINSH lr aC sik diedtect of Run 
in the govainine it cf the Den Co oack on Lam the dust ict 
of Ust Mcdsyedits:, 79 mile tothe wet f that tow i, Ou 
the left bank of the Don Iti on f the largest and 
wealthiest stanitsas of the . vainment aul bis 20,600 
mhabitants, who are engazed m agticulture aud stuck 
breeding, and in the export of agricultural produce 

MIKHAILOVSKAYA, a Cossack village (st endtsa) of 
Russie m the government of the Don Cossacks, and in the 


ni viclds a viluatle 
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district of Khopersk, 14 miles to the north west of 
Uryupino, on the low left bank of the Khoper, which 18 
inundated when the river is full It has an important 
fau, where Tartars from Astrakhan exchange furs and 
cottons for manufactured and grocery wares imported from 
| central Russia, the inhabitants of the district also sell 
corn, cattle, and plain woollen stuffs Population, 18,000 
MILAN (the Latin Iedilanum, Italian Afilano, and 
| German Marland), a city of Italy, situated near the middle 
of the Lombard plain, on the small rive: Olona, m 45° 27’ 
35 N lat and 9°5 45 E long Itis 390 feet above 
the sev level, and hes 23 miles south of the Alps at Como, 
30 mules north of the \pennines, 20 mules east of the 
Ticino, and 15 miles west of the Adda 
The plain around Milan 1s exticmely fertile, owing at 
once to the 11chness of the alluvial sol deposited by the 
Po, Ticmo, Olona and Adda, and to the excellent s} stem 
of umigition Seen fiom the top of the cathedial, the 
plan presents the appeuance of a vast guden divided 
into square plots by 10» of mulberry or poplai trees 
To the east this ylun stictchcs in an unbroken level, 
iw fai as the eve cain follow it, towuds Venice and the 
\dmatic o1 the southemn side the hne of the Apennines 
trom Bolusna to Genoa clo cs the view, to the west mse 
the Maiitime, Cottian, and Giaim Alps, with Monte Viso 
as then central pomt wile northwaid are the Pennine, 
Helvetic, and Rhetian Alps of which Monte Rosa, the 
Saasgrat, and Monte Leone are the most conspicuous 
featues In the plain it-elt he miny small villages, 
and here and there a larger town like Monza or Saronno, 
o1 a ert building as the Certos1 of Pavia, makes a white 
point upon the zecnery 
‘Lhe commune of Milan consists since 1873 of the city 
within the walls (area 1515 actes) and the so called Corpi 
Sinti! without the walls (area 15,415 acres) The popu- 
lation of the whole area increased from 134,526 in 1800 
to 242,497 im 1961, 261,985 in 1671 and 321,839 m 
16$1,—the city within the walls contiubutm, 110,854 im 
1901 196,109 in 1861, 199,009 in 1871, and 214,004 
19 188] = The climate is vers variable, there 1s a diffcrence 
of 41° Fahr betwecn the eatreme summer heat and winter 
cold The average number of wet days 1s 72, and of 
snowy days 10 per annum 
Milan 15 built in a encle the cathedial beng the central 
pont The city 1 sunounded by a wall 7 miles in 
cucuinference, and immediately out-id. the wall a fine 
lioad thoroughfare makes the circuit of the aty The 
sticets inside aie for the most put namow and crooked, 
the main strects are the Corso Vittorio Eminucle, the 
Strada & Margherita, the Vii Manson, thu Coiso Porta 
Tiemese, and the Coiso Poity Romana ‘Theie are few 
plizzas of any size the larcst 1s the Piazza del Duomo 
Which has recentlh, been extcnded and the houses around 
it modermzed ‘To the west of the city 1s the open space 
of the Toro Bonapaite and the Piazza d Aum, with the 
square keep of the Visconti cisth flanked by two granite 
towcrs, between them The ¢ stile was partly destroyed 
in 1447 by the Ambiosian rey ullic, acbuilt by Trancexo 
Sforza enlarged by the Spanish Sovernons, and taken by 
Napcleon m 1800, when the outer foitrhcations were razed 
to the ground, and the walls kft 1 they now aie North 
of the Piazza d Armiis the moden cemctary, with 1 special 
building and apparatus for cremation, crected mn 1876 
Among the buildings of Valin the most important is the 
cathedral, begun under Gian Galcazvo Visconti, nn 1386 
It 1s built of buick cased in marble from the quariies which 
Visconti gave in perpetuity to the cathedral chapter The 
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1 The name Corp: Santi (of doubtful ongin) 18 also apphed t> the 
extra mural portions of Cremona and Pavia 
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nare of the origmal architect 1s not known, but it 1s 
certain that man} Geiman master masons wwe called to 
Milan to assist the Italian builders After St Peters ot 
Rome and the cithedial of Seville the Duomo of Milan 1s 
the largest chmch in Emope It 1s 477 feet im length 
and 183m width the nave 15 1>» feet high the cupola 
226 feet and the tower 360 feet The work was con 
tinued throu,h many ccntuues and after the deucns cf 
many mister notilly of Amadeo who catriea out the 
octajon cupoli, and of ‘Tibaldi who ornamented the 
doors and windows of the facade in the 16th century ‘The 
work was finished, under Nycicon m 150) Iic tle 


is Goth thou,h its pu ty » destioyed Vy the 1itroduc 
tion of Romanesque windows ana jcrtals on tle tu ade 
de there 
Ike roct 


The form of the chm his that of 29a so ohh 
are doulle ai le ned ai les m the trans t 
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supported Ly fifty two columns with cancy1ed niches 
for statues insterd ctcqyitils The windov of the tribune 
contain brilhant painted lass To the mu ht cf the 
entiance 1s the tomb ot \ichbishoy Hu leit the champion 
of Milanese hberty next to that is the tomt of Otho 
Visconti, founder of that family as arexgning house and in 
the right transept the monument of Giacomo dei Medici 
the corsair of Como, brother of Poj}e Pius IV and un le 
to Saint Carlo Borromeo Under the dome in 2 «5; t 
hes the embalmed body of this cardinal samt (1) ‘4), 
canonized for his good deeds durinz the great tamine and 
plague of 1576 The body i contamed im a silver 
sarcophasus facel with rock crystal The root of the 
cathcdral 1s built of blocks of wlute marble and the 
vatious Iuvels arc reached by staircases curried wp the 
buttresses 1t 15 ornamented with turrets, pinnacles, and 
two thousand statues 

There are four other churches of interest n Vilan S 
Ambrogio, the oldest, was founded by St Ambrose in 
the 4th century, on the ruins of a temple of Bacchus It 
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is remarkable for its fine atrium, and inside for the 
mosaics in the tribune, dating from the 9th century, and 
for the “pala or plating of the high altar, a curious and 
ancient specimen of goldsmiths work § Mana delle 
Grazie 1s 4 Dommicin church of the 15th century. The 
cuj cla with istce: sides wrou,ht m terra cotta, ls attri 
tuted to Biamante S Gottardo 1s now built into the 
1oyal palace and oily the aj se and the octagonal campanule 
remain ‘The lattcr a beautiful example of earl} Lom 
lard tevcotta werl was lult by Azzone Visconti in 
1306 and was the ¢ ne of the murdcr of Giovanni Mania 
Viscontim 1412. The small chuich cf San Satiro founded 
in the 9th century vis relLwilt by Pramante in the loth, 
the sacristy 15 one cf that masters fine t works 

The ioyal and archiey isco} al palaces ere both worthy 
of 1ote ‘Ine torme: tands on the site cf Azzone Vis 
contis yalace, and the j1e:ent brilding was the vic regal 
Iedie cf the Au trian governors It contaims one fine 
hill with 2 allcry suy ported by caijyatides The Brolctto, 
or townhall was }wilt by Tilj}0 Maria Visconti fo. his 
- neral Cumagnola, in l4lo, whe however never lived in 
it Th C¢icat Ho yital is a lon, building with 2 fine 
fuade in temacott: fiom the desi.ns of the Florentine 
\ntomo Avaulino it dites from the reign of Francesco 
Sfurzi 140€) andecan accommodate 2400 patients Among 
the moderu tuilin. the mot remarkable are the Arco 
della lace wh h tands at the commencement of the 
Sinj lon reid (Legnm im 1804 by Napoleon, finshed im 
1So3 under the {u trian ) and the ,reat Galleria Vittorio 
Tmanuel co nnectn., the | 1zza del Duomo with the 
Tivzza ddila Scila sa yraccful la srocfed structure 320 
yard lone 16 vareés wide and 94 feet ith built im 
Iso) 67 at a cot of 320000 hre (£12000) The 
Vhlanese are justly } roud ot this } oy ular; romenade as the 
fine tcfit hind in Cwoje and in the best ot their four 
conviderit le theitie —the Seala, built in 177% on the 
site cf 1 clurch 1a1 cd Ly Leatrice Scala, wife of Bernabd 
Visconti—they also po sess the largest theatre in Europe, 
with the m le excey tion of the S Carlo at Naples 

MW lan 15 rich in works of art It has been the home of 
many excellent sculptors and architects, among others of 
Amadec anduf \tostmo Bust: known as Bambaia,—whose 
work may be secn m the cathedrals of Como and Milan, in 
the Cutcsa of Pavia and in the terra cotta buildings ot the 
Loml id towns Later on, towards the close of the Ith 
century, the refined « wit of Lodovico Sforza attracted 
such celubated alti ts as Bramante the architect Gaffuno 
Franchino the foundcr of cne of the earliest musical 
academics and Leonardo da Vinci from who  chool 
came Luim Loltrafho Gaudeno Furari and Oxrnono 
In still more ee nt times Pecenia (173% 94) as a turtt, 
Monti (17 4-18.45) ws poet, and Manzoni (175) 1473) 
as ancveli t, have wor for the Milanese a high reputation 
m the held of letter. 

The picture Jllery of th Bicrais one of the finest m 
Itily It posse sey hay haels famous Sjosalizio and 
comtains many fie cos Ly Lum, Gaudenzio Fernai and 
Biamaitmo «The Venetian school i particularly well 
rep icsented ty works of Pulo Veronese, Paris Bordone, 
Gentile Bullim Crivelli, Cima da Coneghino TF cnifazio, 
Moi ni ind Carpaccio Lui may also be studic 1 1m the 
church of Mi nastero Maggiore a large part of whose walls 
he painte lin fic co Tn the archrological mu eum cn the 
ground fi rcf the Brera we preserved many int ie ting 
monuments amon, cthcrs the tomb of Reatuc della 
Scala and the cque triin monument of her husband 
Bernald Visconti, as well as the most exquisite sey ul hral 
monument of Gaston du Forx the work of Agostino Busti 
The hbrary of the Biera contaims upwards of 200,000 
volumes, including some important Venetian chronicles, 
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but it is not so rich in MSS as the celebrated Ambrosian 
library, for which sce LiprRiEs, vol cuv. p 531 


Agi reulture —Lhe dustict of Milan 1s renowned for its excellent 
agniculttie It may b divided into two renons, where difieient 
systems of firming a¢ pursued and diflurent ops produced The 


fist region lics on the lower slopxs of the Alps Whee they smh | 


into the plain This 1s called the diy Milanese for it 1s watercd 
by torrents only, which have woin themsclycs too deep a bed to 
allow of 111.22t10n, aral the peasants are obliged to collect the 14n 
wat 1 im large mud lined tinks called “‘poppe The soil 1s for 
the most pait thin and hight, and qs ticquently wished down the 
mcline into the pla, m some j atts it 1s only kept in its place by 
stom Wills rearcd at great cost The fuaims ue sn dla hee than 
in th lower plam, and ar et on 2 system whi has y compromise 
betwen the mez alin whieh one bruncl au th disait and 
menu leases The tenant pays vmoney 2 net> the heuse and 
tor the lind he atha pus am ha leriman ny eqn dent, 
supp! ricnted by Tou caven te th din dot In cics wh te 
vines ci frit trees uo town the Jindlad supplies ani uutuns 
them till they cu omt> trut The Jin it L cuits out all 
mp vanents, anl the tuaint holts th fume at las plex ute 
The retition of copy. 5 is tar three veu Lhe valuc ct these 
farms vars s1eathy, ranzine fiom 7 ¢ Jf dn th yori 1 
squu vads Th tituct moducs uu wmiwleatin dil 
ance ou littl flay ant mullet appl s and wine the se nt 
agin Itual dist tis that whi hho oantheylun itis cali d the 
wet Milanc 9 fr mth clilerit sy stem of unlatia win ho mikes 
them bveverh ae ntiit su ssn of aos ‘The plan a 
travaas Toby ammum rable cumils wt van ] vels cressin, on 


anoth 1 on budzs or }y siphons, se that the p iant can flool 
hy fe lls it anv moumcut The svstem aw as oll as tlhe 22th 
century it wis mprovel by Leonulo da Vu 1 inti uw the 


most 1 fect network of mrizitlionan dm | The fms vu im 
«At nt nom 1000 to 4500 pati he Ll vy ueat uponlderest. 
min ty clye ot fifteen veus it rents rin, trom S00 te 12 0 
Ine th pertica wal those meu a atv may dias fiom 1 to 20 
June Lhe rotatiea of loppangas tive yey The meavlows v1 11 
fou cops of gidssinih veut the aast thie —th ma.jenye th 

asostino, and the tivuols—ar out th fwthaw vanl cf 
Whute the sound is perf ctlhy fat nd wie cam stagnit 11s 
giown, this cop ais) ontinve | for fur vers in sucessicn t] 2 
the land is rested with ca ous ml cross Th other a pou 

mae and wheat Bi th chit o upite nis the supply ct day 


roduce =Thecows ue Fo ushtin th Swiss antons of Lu Zt, 

ucerne, ind Schwve the Jet tuna dun, the bh st milla th 
cheese called Parmesti cam o¢tem the Malicsc anl tea hk 
cheesc, made of uns uinm comin Tnown Stl? amo o5 2 t 
prinupally at the villice of Ger ot ola Toma ost tf Mua 

Infust) »—dh ulustie ot dis tsa ot seman ty 
vai lly samc tue umon or Ituyv mlti tmwosu the Tit 
commcal cent om Nath Ite La yu apa mtastyy cf 
Milan anlthe Viluused th protatim ec ataruf tuodostt 
Foi fec lin, he worms ind 14 i? TE Ae aD 
plain, aulthe itr t sn wo. - fitie wha 
suk thieclisunw wl oii tl 1 1.4000 (oft 
raw silk im the yer Sm ¢ tl pot am 
Manufitue, ut te Milin ill ln oe Pt 
neighbowts im th pot un tut ie ott 
Cotton is manula tu las jiadh dso Mart Ra a] 
linen at Cassano ¢ it oa | b. a em B 
ofverv excellent varkter ry Va miuet 

Mistery —Bellov ty hus t de Ct who: 1 a 
when Tu yumi Pres us tynu tor,ya | ot lt 
founler of Malin Tt am] ome th ptt ot £o ia. 
Gaul- and way tihuors tue Woaner am 222 6 As J au 
muni ipium it continy Ttoam tb tin mau i 1S as 
ane mlunla Conti in itvesth atefid ay av. 
of th West Under LP leans im} 4th ont Mon, t 
yulge fiom Ausour sys sap tion 7 4, Vi Ti , ot 
have ll nuhiat ap subyith tuilun, abe to ota 
at Wilin it. lime uae atth Po Tir. f St Amo tt 
his slunhti of tu yo yloo abs trou Am ssi] 
venciate lin Malan s th f unlaotthe Wi hier att 
compilu of the dn i mat vinhas til ais In ah t 
the diocese Ate di ath te qo defamvedo Jen on] 
Milan felt th powar os th tus unl: Atule f’2 of th 
Heruli unlar Gdot a (dee aml of te © ob unl: Th done 
(493) When Belisanus was ent) ofutm nto: vi Itdy, 
Datius, the archbishop ot Malu yor Lhun nl lo ¢ ewe 
expelled fiom the aty  Burlruonethewe Vatcisthe © the 
king, subscyuently assiulted at lat ooh th two ft a brave 


resistance Uraia desticved th whol «f Mlimnm 3, mlheic 

it 1s that thiscsty, ome 5) Mnpeituut tecut: of Reman qvalizition, 
possesses SO 1 W EMS of miiyaty Nac, im his ¢ Un} HIGHS 
against th+ Gutnus, had im itel olor birbuans the [ mbards, to 
his and =They came in a body under Albom, thar king, in 568, 


| gather for the defence of then hberty and rehgion 
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and were soon masters of North Italy, and entered Milan the year 
following  Alboin established his capital at Pavia, and Milan 
1emamied the centre of Italian opposition to the fo1eign conquest. 
The Lombards were Aitans, and the archbishops of Milan fiom 
the days of Ambiose hid been always orthodox Though the 
struggle was unequal, ther attitude of resolute opposition to the 
Lombards guned for them great waght among the people, who 
folt thit then uchbishop was 4 power around whom they might 
All the innate 
hatiued of the foreigner went to stiengthen the hands of the 
aichbishops, who slowly acquned, in addition to thar spnitual 
authoity, powuls military, executive, and judicml ‘These powers 
they came to administer thiough then delegates, culled viscounts, 
When the Lombud kingdom fell bcfore the Franks unde: Charles 
the Gieit m 774, the atchbishops of Milan were still further 
strengthened by the lose alliance betwecn Chulcs and the church, 
Which give a soit of confirmation to them temporal wthonty, and 
iso by Chalkis s policy of breaking up the great Lombaid fiets and 
dukedoms, for which he substituted the smilla counts Under 
the confusel  ovainment of Chuless immediate successors the 
achbishop wis the only wu powcr in Milan” But there were 
two clisses of difticultics im the situ ction, ecclesiastical and political, 
il ther prosence hada muhel cflect on the development of the 
p ople i the growth of the commun, which was the neat stige 
in the lustory of Wilin On the one hind the uchbishop was 
ol hised to contend rgunst heretics or agunst fimaiticu reformers 
Who found 1 fol!onimg unong the peo} le and on the other, since 
the archbishop was the real powa im the city, the empeciol, the 
nodes, md the people erch d sued that he should hb ofthc party , 
ind to whichever pr ty he did Tdlong he wis catun to find 
hunsclf violently, opposed by the other two  Lrom thes causes at 
sometimes ] ap pened thit thae were tro uchlishoys, md there. 
fuic no central contiol, or no archlishep it i], cr else vi archbishop 
mel — The chicf result of these difficulties wis that i. spit of 
mid pendence mda capuity of judjing ud ting ft themselves 
wis dev loped im the people cf Milian lhe trio cf the 
Hunmeh invasion m 699, futher assisted the peopl im ther pio- 
pt ws towuds ficedom, fn it compdle 1 than to tthe ams ml to 
fotify them aty, wndamyg Milan now than evar mic; ud nt 
athe fulal Inds who Inved in than cuths ai th ountiy 
1} otviam oof these nobles drove the yz astmtiy ami dle 
v5 us to seck the protection {1 Ife ml propaty the cyt aty of 
tratr> mdctyu tr whi hcoull be found only in ide th wed 
aty nlunla th ale of the uw biashop Tu Mili oew 
}) lous mld un Vtogove mats [ts uh dl tants) on for 
the fst time Wo itteh Ttothe standy lof St Sinti so — 
no] not suby cts cf a ter ign conyueror Lut i distinct poole, 


with ium pulite andro pet cf then own Lar the ftrther 
awthef tl oo uniune, the 2 tion of the preat ou Was} oy Hone 
Tato othe est bashy at of the curecdo th div lpn nt of 


Milas suprt ivan Lonl andy the d stru tron of lol, © mo, 
Prat wid ctl to uc ghiboming aties the exlumti nol fie put 
mly wimts Lonbul league, aud the bitth ct J suan, ce 
tuoate’ Trams NS To Tow arps 
After the bata toon uo omll74 
fal Ltorcapthe fini f th a urite 
Pusven cama Milun aut oad? ~h to gow mm mit mal 
J} yp uits \ti a the pore of Constamee (118> th ty walls 
\ tulad ther fhaphd ct hinisownquita unde 
sob ovhowttenc) th mt re ts ofthe thule Lic aminufa ture 
fo uo oi wosthem stam, orfmtiurd str, Dunne the struygles 
hath anpaot bu asst whan ie dam scanclon the point 
1h nydestr vel om ous Milanese yo vel themselves, th 1 goods, 
inl then fimalis tothe Vunjim should thou civ me safely out 
fhe troull!s Hone nos the postal tritanity of the 
Pmutiti whoet Vished thar h alyuutas at the Biaa, and 
bh santod sdop the veol trad, amd sul picutly geve the fist 
vty tast th motu tin of sik ds mthis pool also dite the 
1itj¢ ion works whi ha nda the Temlad plun af ttale zarden 
Phe goverment of the city consist Lof (4 14 al ancuto o1 con- 
sitho rade, um Tudrg ll who pos cose d Tica and wine of thar 
own —t council socn found to be unmintcalle owin., to rts siz, 
wliclu cd inst to 2000, then to 1500, md finally t> $00 mun 
has by at denzi or comnnttce of twelve mn cambers, ected 
wn the Quan Leounal for the desp itch of urgent or sere business 
‘) the con uls the c ¢ utc, cle ted for one vou and compelled 
toryporttoth 2 at council at the tam of then ofhte The way 
m which the ta has used than libuty and powers, secured by 
the pee of Comstince, m attaching the feudal nolahty , how they 
ompuled the ncllcs to come into the Otv and to abindon their 
‘isthe for acertun portion of the vou, how the war between the 
two classes wis continucd mside the aty, 1 sults in the establish- 
ment of the podesti, and the nature ind limits of this officc,—all 
this his been explumed m the atid Tar 
This bitter ind wall Dud nced av ary between the nobles and the 
poopk, and the endless danger to which it exposcd the aty owing 
to the fuct that the nobles wore always 1cady to clanm the protcc- 


Utheu htle Fond nd cities 
iti n wmdlidl te mutud 
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soon germunate by pushing outa small tube which per 
forates the ae and thus gains access to the interior 
of the leaf, where 1¢ branches copiously, and forms 8 masa 
of thread like tissue called mycelium The germ-tubes of 
sporidis are unable to enter the leaves, &c , of grass plants 
In from six to ten days this mycelium gives mse to flask 
shaped bodies called spermogonia (vol ix p 831, fig 2 
B sp), immediately the surface of the leaf (usually 
the upper one), but breaking through 1t at the neck of the 
flask, out of which there protrudes a bunch of hairs 
Within the flaske are formed at the end of stalks many 
exceedingly small oval bodtes called spermatia, which escape 
eke e the neck The function of these bodies has not yet 
been definitely made out, but that they bear a very stnk 
ing resemblance to the male sexual organs of other fungi 
there can be no doubt In the same leaves and on the same 
mycelium there arise several days later numerous basin 
shaped bodies containing erect stalks, bearing at the apex 
a number of round ecidiospores (reproductive bodies) in 
vertical series (vol 1x p 8381, fig 2 B,a) These con 
stitute the second generation On their escape they 
germinate by emitting a tube which, if the host on which 
they fall be a grass plant, enters the leaf through one of 
the stomata in the epidermis, and there by branching forms 
a new mycelium On this there soon appears, bursting 
through the epidermis, a new generation consisting of round 
or oval wedospores produced at the end of stalks (vol 1x 
p 831, fig 2 C) The uredospores constantly reproduce 
this generation, and in such abundance that the grain crops 
are extensively ravaged by its attack It 1s in this genera- 
tion that the term mildew 1s popularly given to the fungus 
Later in autumn on the same mycelium the two-celled 
teleutospores appear, and these after hibernating renew mn 
spring the hfe-history This very remarkable cycle of 
generations was first traced by Professor de Bary 

The Hop Mudew (Sphaurotheca Castagrver Ley Order Erysi 
phos) 1s a parasitic disease of the hop though it 18 often to be 
feand on many other plants such as Potentlla Syrea Epilobvum 
balsams cucumbers dandelions plantains &c The thread like 
mycelium appears on the young shoots and leaves of the hop in 
oe spots which giadually extend and finally ume 18 
mycelram bears many minute 1ound conceptacles (perithecia) which 
with their rting threads are brown colou Within each 
peritheuum 1s d a somewhat oval body termed an ascus, con 
taining eight ascospores (reproductive bodies) 

The Vine Mildew (Er ysiphe Tuckerr Berk Order Eryswphew) 1s 
known only m one generation—called the o1dium stage Soon after 
the flowering of the vine the attack takes place on the young leaves, 
from which the thia white mycelium spreads rapidly to the older 
leaves and twigs which 1t does not aj pear to affect so injuriously 
The chief damage 1s done to the grapes wh le they are in a very 
immature condition The mycelium which travels over the surface 
sends down at intervals into the tissues short uregular } 1otuber 
ences called haustoria, which peiform for it the functions of roots 
Above these nse from the mycelium short stalks bearing each a single 
eval spore at the apex 6 disease ads on the same plant not 
only by the extension of the mycelium bnt by the scattering and 
germination of the s Here no perithecia are known 

The Paper Mildew | Ascelesiha havliron Berk Order Erynphex) 
fom nce and therefore is ay (Tala Aen m its mode of 

e It consists at first of a branch ntous mycelium on 


which minute globular spores oceur nally a round brown peri 

thecium 1s formed among the threads a as radiating 

from it Within the pertthecium are numerous asci contain 
res 


ma, Sa a row ot lark ellaptic 
or the Erysiphes geneially see Funaus vol x p 833 


MILETUS, an ancient city on the southern shore of 
the Latmic Gulf opposite the mouth of the Msander 
Before the Ionic migration 1t was mhabited by the Carns 
pace soot ‘rate be ; = authorities call the 

who are always hard to 
from Carans The Greck seileet from napa 
Naleus all the men in the city, and built for 
thomapbees 4 new city on the coast It occupied a very 
fgroprablo grtuation st the mouth of the nch velley of 
ome end was the natural outlet for the trade 
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of sguthern Phryga (Hrpponax, 
harbours, one of considerable siss 
miland for seme distance up the 
and along the coast to the south, where it founded the aty 
of Iasus The trade with the Black Sea, 
the greatest source of wealth to the Jonian cites. 

hike the rest turned ita attention chiefty to the north, and 
after a time rt succeeded in almost mo: the traffie, 
Along the Hellespont, the Propontis, and the Black Sea 
coasts 1t founded more than sixty ecittes—among them 
Abydus, Cymcus, Smope, Dioscurias, Panticapenm, 
Olbia Ail these cities were founded before the middie of 
the 7th century, and before 50080 Miletus was decidedly 
the greatest Greek city During the time when the enter 


E 


and the democracy, and that tyrants sometimes raised 
themselves to supreme power in the city, but no details 
areknown Miletus was equally distinguished at this early 
tame as a seat of literature The Jontan epic and lyric 
poetry indeed had its home farther north , philosophy and 
history were more akin to the practacal race of Miletus, 


lew Myus, and Pnene—spoke a pecuhar dialect of 
onic 

When the Mermnad kings raised Lydia to be a great 
military kingdom, Miletus was ther strongest adversary 
War was carried on for many years till Alyattes concluded 
a peace with Thrasybulus, tyrant of Miletus, the Milesians 
afterwards seem to have peaceably acknowledged the rule of 
Croesus On the Persian conquest Miletus under 8 
new master it headed the revolt of 500 50, and was 
taken by storm after the battle of Lade Darius treated 
it with peculiar severity, massacred most of the mhabitanta, 
transported the rest to Ampe at the mouth of the Tigns, 
and gave up the city to the Canans Henceforth the 
history of Miletus has no special interest , 16 revived indeed 
when the Persians were expelled from the coast un 479 BC, 
and was a town of commercial importance throughout the 
Greco Roman period, when 1t shared in the general fortunes 
of the Ionan cities under the rule of Athemans, Persians, 
Macedonians, Pergamenians, and Romans in succession 
Its harbours, once protected by Lade and the other 
Tragusman islands, were gradually silted up by the 
Meander, and Lade 1s now a lull some mules from the coast 
Ephesus took 1ts place as the great Ioman harbour in the 
Hellenistic and Roman times It was the seat of a 
Christian bishopric, but 1ts decay was sure, and ite site 
now a marsh. 

See Schroeder Comment de Reb Miles Soldan, Rer Milas. 
Comment Rayet, Mulet et le Golfe Latmegue, Head, “Early Eleo- 
trum Coius, in Numism Chron, vol xvi 

MILFORD, a seaport, market-town, and contn 
one of the Pembroke district 

Wales, 18 finely mtuated on 
the north mde of Milford Haven, about 8 mules west- 
north west of Pembroke The landlocked estuary of 
Milford Haven stretches about 10 miles miand, with o 


of the Tonien and, gities throngh the lnitgence of Milesdlen 
bp har Ephesus, Ope, and Sardis ave 
keown af tds standard, and st a somewhat later date of Chien, 
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depth of from 15 to 19 fathoms, and, ar x 1 completely 
m 15 to and, as it 1s 
sheltered by hills, vessels cur mde in it at sion eee 
Kinds of weather The royal dockyard, founded at 
Wilford w 1790, vas removed in 1811, and from that tume 
trade has been m a condition, The town 
possesses iron works t) ing trade 1s confined 
chiefly to coasting vessels, but the completion of new 
docks, capable of recerving veasels of the largest tonnage, 
it 1s sapposed that a eonsiderable trade may be earned on 
with America The population of the urban sanitary dis- 
trict m 1871 was 3252, and in 1881 1t was 3813 

MILFORD, a post-village of the United States, mn 
Worcester county, Massachusetts, hes 34 mules south west 
of Boston, at the junction of the Milford branch of the 
Boston and Albany Railroad with the Hopkinton, Milford, 
and Woonsocket Railroad ‘4t 1s one of the principal seats 
of the boot manufacture in New England, and also pro- 
duces large quantities of straw goods The population 
was 9310 in 1880 

MILICZ, or Mitrtscu, of Kremsier, Moravia, was the 
most influential among those preachers and wnters in 
Moravia and Bohemia who during the 14th century paved 
the way for the reforming activity of Huss and through 
him for that of Luther He was born about 1325, was 
already in holy orders in 1350, m 1360 was attached to 
the court of the emperor Charles IV , whom he accompanied 
mito Germany im that year, and about the same time also 
held & canonry mm the cathedral of Prague along with the 
dignity of archdeacon About 1363 he resigned all his 
appointments that he might become a preacher pure and 
simple , he addressed scholars in Latin, and (an innovation) 
fhe laity in therr native Czech, or m German, which he 
acquired for the purpose The success of his labours in 
reclaiming the fallen made itself apparent in the reforma 
tion of a whole quarter of the city of Prague Ashe dwelt 
more and more on ecclesiastical abuses and the corruption 
of the clergy, and viewed them in the hght of Sempture, 
the conviction grew in his mind that the “abommation of 
desolation” was now seen in the temple of God, and that 
antichrist had come, and in 1367 he went to Rome (where 
Urban V was expected from Avignon) to expound these 
views He affixed to the gate of St Peters a placard 
announcing his sermon, but before he could deliver 1t was 
thrown into prison by the Inquisition Urban, however, 
on his arrival ordered his release, whereupon he returned to 
Prague, and from 1369 to 1372 preached daily in the Teyn 
Church there In the latter year the clergy of the diocese 
complained of him to the papal court at Avignon, whither 
he was summoned in Lent 1374, and where he died before 
fis case was decided He was the author of a Lrbellus de 
Antuhristo, written mn prison at Rome, a series of Postule 
and Lechones Quadragesrmales 10 Latin, and a similar 
series of Posts in Czech 

MILITARY FRONTIER (German, Msldargrenze, 
Slavomec, Granséva), a narrow stnp of Austrian Hunganan 
territory stretching along the borders of Turkey, which 
had for centuries a pecuhar military organization, and from 
1849 to 1873 constituted a crownland As a separate 
divimon of the monarchy it owed ita existence to the 
necessity of maintaining during the 15th, 16th, and 17th 
centuries a strong hne of defence agaist the mvasions of 
the Turks, and may be said to have had its ongin wrth 
the establishment of the captamcy of Zengg by Matthias 
Corvinus and the introduction of Uskoks (fugitives from 
Turkey) into the Warasdin district by the emperor 
Ferdinand I By the close of the 17th century there were 
three frontier “ tes "Carlstadt, Warasdin, 
rep ty Neat polane lin eid opens After the defeat 
of tie ‘Turkuh power bg Prince Eugene xt was proposed to 


MIL 
sbolich the constetrtion of the frontier, but tHe 
change was resisted by the mbabriants of the 
district , on the other had, a net Slavonian frontier dis- 
trict was established in 1702, aad Mana Theres extemnted 
the orgamization to the march lands of Transylvatim (the 
Szekler frontier m 1764, the Wallachsin 21 1766) } 

As & reward for the service it rendered the Government 
in the suppression of the Hi insurrection in 1848, 
the Miktary Frontier was erected in 1849 mto a erown-isnd, 
with a total area of 15,182 square miles, and 4 population 
of 1,220,503 In 1851 the Transylvanmn portidd (1177 
aquare miles) was incorporated with the rest of Transyl- 
vamia , and in 1871 effect was given to the rmperial decrve 
of 1869 by which the districts of the Warasdin remtnents 
(St George and the Cross) and the towns of Zengg, Betovar, 
Ivamt, &e, were “provincialzed” or incorporated with 
the Croatian Slavonian crowniand In 1872 the Banat 
regiments followed suit, and m 1873 the chi mbhtary 
organization was abolished in all the rest of the frontier 
Not till 1881, however, were the Croatian Sksvorhin 
march lands completely merged in the kmgdoms to whith 
they naturally belonged 

The social of the military frontier is 

A communal panel of land raat radaral de ed Mecane 
was artificially hept im existence The mark or pot of ground 
assigned to the original famtly of settlers remained the roperty of 
the family as such, and could not be portroned out among t 

members In this way the house community, ail the rifle 
of the same honse father and house mother (who were not neces 
sally man and wife nor the oldest members of the community), 
and all hving within the same palisade sometimes came to num 
ber two or three hundred persons The ‘ family dined in a cbfh 
mon hall and after dinner discussed and settled matters dffectitg 
the common weal Every man ng real rty it the 
country, and capable of bearing arms, was liable to mi service 

m his twentieth year The house communities are now begin 
ning to svatl themselves of the permissive partition laws, Br 
strangets are free to come and acquire property in land. W 
towers with wooden clappers and the beacons which flashed the 
alarm along the whole frontier n a few hours are still features in 


' the landscape 


MILITARY LAW conaists of the statutes, rules of pe 
cedure, royal warrants and orders and regulations which 
prescribe and enforce the public obligations of the 

soldiers, and others made subject to its provisions Its 


essential purpose 1s the maimfenance of discipline , it 
also includes fhé administrative government of the mihtary 
forces of the state, more seis in the matters of enlist- 


ment, service, and billetng The term “martial law” 
sometimes apphed to 1t 1s as regards modern times at least, 
f misnomer For martial Jaw as if 1s now understood 
applies not only to military persons but to the civil com- 
munity, and may be described generally as the abrogation 
of ordinary law and the substitution for it of mibtary 
force uncontrolled save by what, m the discretion of the 
snmanting general, may be considered the necessity of 
6 case 


The military law of England in early times existed, hke 
the forces fo which 1t apphed, a period of war only, 


1 By 1848 the following had come to be the division of the MYStary 
Frontier —(1) The Carlstadt (Carlowés), Warasdn, and Banal 
Generalate the Licca Regiment (headquarters at }, the Otto- 
chaz Regiment (Ottochaz), the Ogaln ‘Oguln , the Sinn (Carlstadt), 
the Cross (Belovar), the St George s (Belovar), the Ist Bansl (Gina), 

(2) The Savonven the Gradieke 
), the Brood Regiment (Vinkovere), the Peter 
wardein (Mitrovicz), the Tchatinst Battalion (Titel) (3) The Banat 

Generalate the Germsn Banat t oe the Wallachian 
| Banat (Rurandebes), the Myrian Dane t (Weludarehen (4) The Tran 

Generalate The Seekler Regiinett No 14 (Cak 
the Ssekler Regment No 15 (Keasd: Vasarhely), the Wallachia N 


16 (Orlath), the Wallachian No 17 (Nasand) ‘Twelve towns, 
— _—, a . had communal constitutions not 
é towns Hungary—Carlopago, 
talmeza, Belovar, Ivaiilt, Brood, Poe ranein, Cotowtl, 
| Pamcsova, andl Welskirchen. 
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were raised for a particular service, and were dis- 
banded upon the cessation of hostilities. The crown, of its 
mere prerogative, made laws known as Articles of War, 
for the government and discipline of the troops while thus 
embodied and serving Except for the punishment of 
desertion, which offence was made a felony by statute m 
the reign of Henry VI, these ordinances or Articles of 
War remained almost the sole authority for the enforce 
ment of discipline until 1689, when the first Mutiny Act 
was passed and the mabltary forces of the crown were 
brought under the direct control of parliament Even the 
Parliamentary forces in the time of Charles I and Cromwell 
were governed, not by an Act of the legislature, but by 
articles of war sumilar to those issued by the king and 
authonzed by an ordinance of the Lords and Commons, 
exercising in that respect the sovereign prerogative This 
power of law making by prerogative was, however, held to 
be applicable durmg a state of actual war only, and 
attempts to exercise 1+ mm time of peace were ineffectual 
Subject to this limitation 1t existed for considerably more 
than a century after the passing of the first Mutimy Act 
From 1689 to 1803, although im peace time the Mutmy 
Act was occasionally suffered to expire, a statutory power 
was given to the crown to make Articles of War to operate 
mm the colomes and elsewhere beyond the seas in the same 
manner as those made by prerogative operated in time of 
war In 1715, in consequence of the rebellion, this power 
was created im respect of the forces in the kmgdom But 
these enactments were apart from and in no respect affected 
the principle acknowledged all this time that the crown of 
1ts mere prerogative could make laws for the government 
of the army in foreign countries in time of war The 
Mutiny Act of 1803 effected a great constitutional change 
mm this respect the power of the crown to make any 
Articles of War became altogether statutory, and the pre 
rogative merged in the Act of Parliament So matters 
remained till the year 1879, when the last Mutiny Act 
was passed and the last Articles of War were-promulgated 
The Mutiny Act legislated for offences in respect of which 
death or penal servitude could be awarded, and the 
Articles of War, while repeating those provisions of the 
Act, constituted the direct authomty for dealing with 
offences for which imprisonment was the maximum punish 
ment as well as with many matters relating to tnal and 
ae The Act and the Articles were found not to 
monize in all respects Their general arrangement was 
faulty, and their language sometimes obscure In 1869 a 
royal commission recommended that both should be recast 
in a simple and intelligble shape In 1878 a committee 
of the House of Commons endorsed this view and made 
certain recommendations as to the way in which the task 
should be performed In 1879 the Government submitted 
to parliament and passed into law a measure consolidating 
in one Act both the Mutiny Act and the Articles of War, 
and amending their provisions in certain important respects 
This measure was called the “Army Duiscrphne and 
Regulation Act, 1879” After one or two years’ experience 
of its working 1t also was found capable of improvement, 
and was in its turn superseded by the Army Act, 1881, 
which now forms the foundation and the mam portion 
of the mubtary law of England It contams a proviso 
saving the mght of the crown to make Articles of War, 
but m such & manner as to render the power m effect 


a nullity , for it enacts that no cnme made punishable by 


the Act shall be otherwise punishable by such Articles 


Theos the lustory af Enghsh mibtary law up to 1879 may 
be dividled into three neriods, way Asch & distanct con- 
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stitutional aspect (1) that prior to 1689, when the army, 
regarded as #0 many personal retamers of the 

sovereign rather than servants of the state, was mainly 
governed by the will of the sovereign , (2) that between 
1689 and 1803, when the army, being recognized as a per- 
manent force, was governed within the realm by statute 
and without it by the prerogative of the crown, and (3) 
that from 1803 to 1879, when it was governed etther 
directly by statute or by the sovereign under an authority 
derived from and defined and hmited by statute Although 
in 1879 the power of making Articles of War became m 
effect altogether moperative, the sovereign was empowered 
to make rules of procedure, having the force of law, which 
regulate the administration of the Act in many matters 
formerly dealt with by the Articles of War These rules, 
however, must not be mcongistent with the provisions of 
the Army Act itself, and must be laid before parhament 
immediately after they are made Thus m 1879 the 
government and discipline of the army became for the first 
time completely subject ether to the direct action or the 
close supervision of parliament 

A further notable change took place at the same time 
The Mutiny Act had been brought ito force on each 
occasion for one year only, in comphance with the con 
stitutional theory that the mamtenance of a standing army 
m time of peace, unless with the consent of parliament, 1s 
against law Each session therefore the text of the Act 
had to be passed through both Houses clause by clause and 
line by hne The Army Act, on the other hand, 1s 4 fixed 
permanent code But constitutional traditions are fully 
respected by the msertion 1m 14 of a section providing that 
1t shall come into force only by virtue of an annual Act of 
Parhament This annual Act recites the illegality of a 
standing army 1m time of peace unless with the consent of 
parliament, and the necessity nevertheless of mamtaining @ 
certain number of land forces (exclusive of those serving 
m India) and a body of royal marme forces on shore, and 
of keepmg them in exact discipline, and 1t brings nto force 
the Army Act for one year 

Mihtary law 1s thus chiefly to be found in the Army Act 
and the rules of procedure made thereunder, the Mahtia Act, 
1882, the Reserve Forces Act, 1882, and the Volunteer 
Act, 1863, together with certam Acts relating to the 
yeo: , and various royal warrants and regulations 
The Army Act itself 1s, however, the chief authority 
Although the complamt has been sometimes made, and not 
without a certain amount of reason, that 1t does not accom 
plish much that 1t might mm point of brevity, sumplicity, 
and clearness of expression, 1t 18 a very comprehensive 
piece of legislation, and shows some distinct 1mprovements 
upon the old Mutimy Acts and Articles of War 

The persons subject to military law are the officers on 
the active hst and the soldiers of the regular forces (includ- 
ing the royal mares), the permanent staff of the auxiliary 
(+e, the militia, volunteer, and yeomanry) forces, and the 
officers of the mihtia. The above persons are amenable to 
its provisions at all tzmes except while embarked on board 
@ commissioned ship of the royal navy, when they become 
subject to the Naval Discipline Act and certain orders in 
council made under 1tsauthonty Those who are subject to 


' military law in certain circumstances only are—officers and 


men while serving in @ force raised out of the United 
Kingdom and commanded by an officer of the regular 
forces, pensioners when employed in mulitary service 


under the command of a regular officer, the non-commuis- 
As the pumehment of every conceivable offence 1s provided | 
for by the Act, any Articles made thereunder can be no | 
more than an empty fgrmality having no practical effect | embodied , the officers of the 


sioned officers and 3 of the mitia, dunng 


when attached to regulars or when permancul! 
and the volunteers 
when 1 command of or attached to a of men subject 


to nulitary law, or when their corva in on actual] military 
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service, or when ordered on duty with ther own consent , 
the men of the yeomanry when they or their corps are being 
trained, when they are attached to or acting with the 
regular forces, when their corps 18 on actual military service, 
or when serving 1n aid of the civil power, the men of the 
volunteers when they are being tramed with or are attached 
to any body of troops, or when their corps 1s on actual 
military service, the men of the army reserve and the 
militia reserve when called out for trammg or on duty m 
aid of the civil power, any person who in an official 
capacity equivalent to that of an officer accompanies a 
body of troops on active service beyond the seas, any 
person accompanying a force on active service holding a 
pass from the general entitling him to be treated on the 
footing of an officer In this last category would of course 
be mmcluded newspaper correspondents, also sutlers and 
followers In one or two cases persons are subjected 
to military law to a limited extent and in respect only of 
certain offences Thus a militiaman even when not out 
for traming or not embodied 1s lable to a military tnal 
and punishment for fraudulent enlistment or making a 
false answer on attestation In the same manner an army 
reserve man may be tried and punished by court martial 
for neglect to appear at the place where he 1s bound 
periodically to report himself, or for insubordination to his 
superiors on these occasions, or for any fraud in connexion 
with the receipt of his pay A man of the army reserve 
or the mulitia reserve has the legal status of and in fact 
becomes a regular soldier when called out on occasions of 
national danger or emergency under the sovereign’s pro- 
clamation 

When a person subject to military law commits an 
offence he 1s taken into mulitary custody, which means 
either arrest in his own quarters or confinement He 
must without unnecessary delay be brought before his 
commanding officer, who upon investigating the case may 
dismiss the charge 1f 1m his discretion he thinks 1t ought 
not to be proceeded with, or may take steps to bring the 
offender before a court martial Where the offender 1s not 
an officer he may dispose of the case summarily, the hmt 
of his power in this t being seven days’ imprison 
ment with hard labour, fines not exceeding 10s for 
drunkenness, certam deductions from pay, confinement to 
barracks for twenty-eight days, this involving severe extra 
drills, deprivations, and other minor punishments Where 
the offence 1s absence without leave for a period exceeding 
seven days, the commanding officer may award a days 
imprisonment in respect of each day of such absence up 
to twenty-one It 1s only in the case of the imprisonment 
exceeding seven days that the evidence before the com 
manding officer 1s taken on oath, and then only in the 
event of the accused so d it. The commanding 
officer 1s enjomed by regulation not to punish summanly 
the more serious kind of offences, but his legal yunisdiction 
mn this respect 1s without limit as regards any soldier 
brought before him, and when he has dealt summanly 
with a case the accused 1s free from any other hability m 
respect of the offence thus disposed of In any mstance 
where the commanding officer has summarily awarded 
mprisonment, fine, or deduction from pay, the accused 
may claim a district court martial instead of submitting 
to the award. 

Ordinary courts martial are of three kinds, viz. —(1) & 
regimental court martial, usually convened and confirmed 
by the commanding officer of the regiment or detachment, 

over by an officer not under the rank of captain, 
composed of at least three officers of the regiment or 
reqnaegat not capt om lar asi hee 

& maximum power of puniahment of forty-two 
imprisonment with hard labour, (2) a district court 


miscondust a8 8 
court, giving falee evidence on cath, any offence 
b 
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martial, usuall: vened by the general of the district, 
Se vad Malta, and 


Gibraltar of not less than five and elsewhere of not lees 
than three officers, each with two years’ service or more, 
and having a maximum power of of two years’ 
imprisonment with hard labour , (3) a general court martial, 
the only tribunal having authority to try a commussioned 
officer, and with a power of punishment extending to death 
or penal servitude, for offences for which these penalties 
are authorized by statute, 1t consists of not less than 
nine officers i the United Kingdom, India, Malta, and 
Gibraltar and of fiye elsewhere, each of whom must have 
over three years’ service, five being not under the rank of 
captain. There 1s another kind of tribunal incidental to 
service in the field, or where, in the case of an offence 
against the person or property of an inhabitant, an ordinary 
court martial cannot be held, namely, a field general court 
martial This court may consist of three officers only, and 
it has the power of sentencing to death Another kind of 
court, called a summary court martial, may be held where 
an offence has been committed upon active service and an 
ordinary court cannot be conveniently assembled In the 
event of three officers not being avaiable it may consist of 
two When thus constituted it can award only a “summary 
punishment” or imprisonment, where 1¢ consists of three 
officers, however, 1t can sentence to death In the case of 
& field general or a summary court martial many forms 
and precautions prescribed in the case of ordinary courts 
are not necessarily observed, the whole proceeding bemg 
from the necessity of the case a somewhat rough and ready 
means of dealing promptly with crime 


The Army Act prescribes the maximum punishment which may 
be inflicted 1m respect of each offence That of death 1s incurred 
Oy various acts of treachery or cowaidice before the enemy, or by 
when on active service interfering with or impeding authority, leav 
ing without orders a guard or post, or when sentrv sleeping on being 
drunk on a post, plundering or committing an offence against the 
person or property of an inhabitant, intentionally causing false 
alarms, or Whether upon active service or not, a soldier 
also becomes hable to the punishment of death who mutimes or mn 
cites to or Joins in or connives at a mutiny, who uses or offers violence 
to or defiantly disobeys the lawful command of his superior officer 
when 1n the execution of his office Penal servitude 1s the maximum 
punishment for various acts and 1 ties upon active service 
not distinctly of a treacherous or wilfully injurious character, for 
using or offerng violence or insubordinate language toa gr aig or 
disobeying a lawful command when upon active service. e same 
punishment 1s applicable when not upon active service to a second 
offence of desertion or fraudulent en ent (x¢, enlistment by 
one who already belongs to the service), certam embezzlementa of 
public property, wi 2 Bbrenyen. without authority a pmsoner or 
wilfally perm: & prisoner to escape, enlisting when previously 
discharged from the service with disgrace without dhuacloina the 
circumstances of such discharge, or any other offence which by the 
ordinary criminal law of England hable with penal ser- 
vitude Impnsonment with hard labour for two 
maximum punishment for minor forms and d 
which 1f committed upon active service would involve death or 

mal servitude, such as or offering violence or insubordinate 

guage to a superior or disobeying a lawfal command, and for the 
following offences —remsting an escort, out of barracks, 
neglect of orders, a first offence of desertaon or attempted desertzon 
oles £ - rar Be n, or of fraudulent enluwtment, 
absence without leave, failure to appear at parade, going beyond 
preseribed bounds absence from schoal, malngering or produc- 
ing disease or infirmity, maiming with intent to render asoldier 
og peter eles eedirgg elitist ara wi con 
mi a cruel, indecent, or unnatural kind, drunkenness, releasing 3 
prisoner without proper authority or allowing him to eaca 
concerned in the unreasonable : 


ears is the 
of those effences 


or attem: to escape from lawful custody, conniving at 
rats erctons making away with, rae wiifelly 
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to billeting or the 1mpressment of carriages, making a false answer 
toa pa put aia attestation, being concerned in unlawful 
enlistment, using trutorous or disloyal words regarding the 
sovereign, disclosing any circumstance relating to the numbers, 
position, movements, or other cucumstances of any part of her 
majesty 8 forces so as to produce effects injurious to her mayesty’s 
service, fighting or bemg concerned in or conniving at a duel, 
attempting suicide, obstructing the civil authorities 1n the apprehen 
sion of any officer or soldier accused of an offence, any conduct, 
disorder, or neglect to the prejudice of good order and military dis 
cipline, any offence which 1f committed in England would be punish 
able by the law of England There 1s another offence which can be 
committed by officers only, namely, “scandalous conduct unbecom 
ing the character of an officer anda gentleman’ It necessitates 
cashiering, a punishment which in the case of an officer may be 
awarde 1 as an alternstiv 6 to imprisonment im several other instances 
There 1s also an offence peculiar to officers and non commissioned 
officers that of striking or ill treating a soldier or unlawfully 
detaining his pay A sentence of cashicring as distinguished from 
that of dismissal m the case of an officer involves an incapacity to 
serve the crownagain An officer may be also sentenced to forfeiture 
of seniority of rank and to reprimand or severe repnmand <A 
non commissioned officer may be sentenced to be reduced to a lower 
grade or to the ranks, and where sentenced to penal servitude or 
imprisonment 1s deemed to be 1educed to the ranks The com 
mander in chief at home or the commander in chiet 1n India or in 
erther of the presidencies may also cause a non commissioned officer 
to be relat to a lower grade or tothe ranks An acting non 
comnussioned officer may be ordered by his commanding office: for 
an offence or for inefficiency or otherwise to revert to his per 
manent grade,—in other words to forfeit his acting rank 
It will have been observed that persons subject to military low 
are lable to be tned by court martial for offences which 1f com 
mitted in England would be pumshable by the ordinary law and to 
suffer erther the punishment prescribed by the ordinary criminal 
law or that authorized for soldiers who commit offences to the 
jue of good order and military discipline The effect of the 
atter alternative 1s that for many minor offeaces for which a civilian 
13 hable to a short term of impnsonment or perhaps only to a fine, 
a soldier may be awaided two years imprisonment with hard Iibour 
A court martial, however, cannot tikc cognizance of the crimes of 
treason, murder, manslaughti1 treason felony, or rape 1f cominitted 
in the United Kingdom It one of these offences be committed in 
any place within he: majesty s dominions other than the United 
Kingdom or Gibraltar, a court martial can deal with 1¢ only if 1t be 
committed on active service or in a place more than 100 miles fiom 
a civil court having Jurisdiction to try the offence With regard to 
all civil offences the military law it 1s to be understood, 1s subo1 
dinate to the ordinary Jaw, and a civilian aggrieved by a soldier 
in respect of a criminal offence against his property or person 
does not forfeit his 11ght to prosccute the soldier as if he were a 
civilian 
The crimes for which soldiers are most usually tried are desertion, 
absence without leave, loss of necessaries, violence or insuboidina 
tion to superiors, drunkenness, and various forms of conduct to the 
prejudice of discipline The punishments are generally speaking 
gauged as much with regard to the character and antecedents of 
the prisoner as to the particular offence For a first offence of an 
ordinary kind a district cout martial would give as a rule fifty six 
days imprisonment with hard labour for a second or graver cnme 
eighty four days There are not many instances in which the 
period of imprisonment exceeds six months Corporal punishment, 
which had been practically limited to offences committed upon 
active service, aud 1n 1879 to crimes punishable with death, was 
finally abolished in 1881, and a summarv punishment substituted 
This summary punishmeut includes the hability tor a term of three 
months to be kept in 1ron fetters and handcuffs and while so kept 
to be attached to a fixed object so that the offender maj remain in 
a fixed position for a period not exceeding two hours in the day for 
not more than three out of any four consecutive days and for not 
more thin twenty one days in the aggregate The offender may 
also be subjected to the like labour and restraint, and may be dealt 
with in the same manner as if sentenced to hard labour imprison- 
ment But these summary punishments are to be inflicted so as 
not to cause injury to health or leave a permanent mark on the 
offender The first mstances in which this kind of punishment 
was inflicted occurred durmg the campaign of 1882 in Egypt 
Estimated by the results, the abolition of flogging does not appear 
to have injuriously affected discipline, the conduct of the troops 11 
t having been exceptionally good. The practice of marking a 
soldier with the letters ‘‘D ’ (deserter) or “BO (bad character), 
m order to prevent his re enlistment, was abolished about a dozen 
years ago 1n deference to public opinion, which erroneously adopted 
the idea that the “marking ’ was effected by red hot irons or in 
some other manner invoi torture Maulitary men for the most 
pert regret its abolition, and maintain that if the pisctice were still 
in force the army would not be tainted hv the presence of many bad 
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characters who find means of eluding the vigilance of the authorities 
and enlisting after previous discharge 

The course of procedure mn military trials 1s as follows Whena 
soldier ss remanded by his commanding officer for trial by a district 
or general court martial, a copy of the charge, together with the 
statements of the witnesses for the prosecution (called the sum- 
mary of evidence), 1s furnished to him, and he 1s given proper oppor- 
tunity of preparing his defence, of communicating with his witnesses 
or legal adviser, and of piocwing the attendance of his witnesses 
Further, 1f he desires 1t, a list of the officers appointed to form the 
court shall be given him Any officer 1s disqualified to mt as a 
member who has convened the court, who 1s the prosecutor or a 
witness for the prosecution, who has made the prelimimmary inqury 
into the facts, who 1s the prisoner’s commanding ofhcer, or who has 
& personal wnterest in the case The prisoner may also object to 
any officer on the giound of bias or prejudice similarly as a civilan 
might challenge a juror Except as regards the delay caused by 
the writing out of the evidence, the procedure at a court martial 
1s very much the same as that at an oidinary criminal tnal,—the 
examination and cross examinatien of the witnesses, addresses of the 
plosecutor and prisoner, and the rules governing the admission or 
rejection of evidence being nearly identical At o general court 
martial and sometimes at a district court, a judge advocate repre 
ones Oe Judge advocate general officiates, his functions being very 
much those of a legal assessor to the court He advises upon all points 
of law, and sums up the evidence just as a judge chaiges a jury 
When the  ebpcianed pleads guilty the court finds a verdict accord 
ingly, reads the summary of evidence, hears any statement in 
mitigation of punishment, and takes evidence as to character before 
proceeding to pass sentence The sentence 1s that of the majority 
of the court, except where death 1s awarded, when two thirds of the 
members 1n the case of a general court martial and the whole in 
that of a field general court maitial must concur When an acquittal 
upon all the chaiges takes place the verdict 1s announced in open 
court, and the prisoner 18 released without any further proceeding 
When the finding 1s ‘ guilty, evidence as to character 1s taken, 
and the court deliberates in ;rivate upon the sentence, but the 
result 1s not made known ata the proceedings are confirmed and 
ptomulgated No conviction or sentence has any effect untal 1t 18 
thus confirmed by the ia authority he confirming authonty 
in the case of a regimental cout 1s the commanding officer, m that 
of a district comt martial the gencral ofhcer commanding the 
district, and im that of a general court, 1f held m the United 
Kingdom her majesty, and if abroad in most cases the general officer 
commanding The confirming authority may order the 1eassemblin 
of the count in order that any question o1 irregularity may be revis 
and corrected, but not for the purpose of mcreasing a sentence He 
may however, of his own discretion, and without further reference 
to the court, refuse confirmation to the whole or any portion of the 
finding or sentence and he maj mitigate, commute, or entirely 
remit the punishment In the case of a general court martial 
the proceedings are sent to the judge advocate general, who submits 
to the queen his opinion as to the legatits of the tra] and sentence 
If they are legal in all in eg he sends the proceedings to the 
commander in chief, upon whom rests the duty of adsising the queen 
regarding the exercise of clemency In addition to confirmation, 
however, every genetal or district court martial held out of India 
has another ordeal to go through It1s reviewed and examined in 
the office of the judge advocate general, and any illegality that may 
be disclosed 18 corrected and the prisoner 1s relieved of the con 
sequences Toa certain extent a protection against illegality also 
exists in the case of regimental courts martial A monthly return 
of those held 1n each regiment 18 laid before the general command- 
ing the district or bngale by whom any question that might appear 
to him doubtful would be referred to the adjutant general or the 
judge advocate general for decision _It 18 to be noted, however, that 
the judge advocate general, although fulfilling duties which are mn 
ther nature judicial, 18 only an advise: He 1s not actually a judge 
in an executive sense, and has no 1uthority directly to interfere with 
or correct an ve conviction In many cases the law thus pro- 
vides no remedy for an officer or soldier who may have been wronged 
by the finding or sentence of a court martial,—for instance, 
through a verdict not justified by the evidence or through a non- 
observance of the rules and practice prescribed for these tnbunals. 
A person who has suffered ele my appeal to the Queen’s Bench 
division of the high court of justice But, s generally, that 
tnbuna) would not interfere with a comt ma exercising 1ts 
Junsdiction within the law as regards the pnsoner, the crime, and 
the sentence In most ii feiss the alae protector coy 
accused person against illegality 1s the judge advocate general, 
who Laaiarixtp Bapitina the queen and the military authorities that 
the law shall be complied with As apnivy councillor and member 
of the House of Commons that officer 1s ble both to the 
queen and to parhament for the mght and due administration of 
military law, and, rethiseaiek Peay want of direct executive 
authority, it 18 not to be contemplated thet any military officer 
would hesitate to act upon advice given by him with reference to a 
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legal question connected with a court martial The department of 
the Judge advocate general consists of the judge advocate general, 
who 18 a lawyer, a pnvy councillor, and a member of parliament, 
of a permanent deputy judge advocate general who 1s also a lawyer, 
and of three military officers as deputy judge advocates having 
special experience in the working of military law 
The Army Act apples to European officers and soldiers serving in 
India m the same manner as to the rest of the army, but natives 
of India are governed by their own Articles of War, and 1n the case 
of civil offences they are dealt with according to the provisions of 
the Indian penal code The department of the judge advocate 
eral in India 1s distinct from and mdependent of that of the 
Judge advocate general of the army, and courts martial held in that 
country are not subject to the supervision of a professional lawyer 
Certain promment irregularities led to the appointment of a 
barrister as judge advocate general in India in 1869, but after a few 
pe that appointment again became filled by a mulitary officer 
6 staff of the department 1s, however, far more numerous 1n India 
than elsewhere There are judge advocates general for each of 
the presidencies, and a deputy judg8 advocate at each of the more 
important military centres 
tatastics of Crime in the Army —Commussioned officers are 
rarely subjected to tmal by court martial Where an officer com 
mits himself in a military sense, and his misconduct 18 too serious 
to be passed over merely with a mazk of official displeasure he 18 
usually given and seldom fails to sie the alternative of resigning 
his commission In some instances the crown 1s advised to exercise 
its prerogative and remove him from the army on the ground that 
her majesty has no fuither occasion for his services In no circum 
stances can an officer or eoldier clam a court martial as a nght 
In the result, the annual number of trials of officers does not average 
more than four of late years Among the non commissioned ofhcers 
and soldiers of the army, however, the tnals and summary punish 
ments by commanding officers ure jeavronen 04 numerous, as will 
presently be seen In India this observation hardly holds good for 
in that country desertion 1s physically almost impossible except at 
the two or three seaports where troops are stationed Absence 
without lewe 13 for 4 similar rewson of rare occumence, while the 
fact of the troops living in their own cantonments and bemg free 
from many temptations of life existing in the large towns and garri 
sons at home, places them outside the influence of certain prevalent 
ciuses of crime For this reason mainly the proportion of courts 
martial held in 1881 was 107 pei 1000 men at home as compared 
with 76 abroad Similarly the proportion of minor punishments 
er 1000 was 1449 at home to 1042 abroad It 18 also generally 
ound that men engaged upon active service in the field comnut 
less crime than those serving 1n ordinary circumstances But the 
general criminal statistics of the army for 1881 show a formidable 
arrount of crime and punishment Upon an ivetage strength of 
181,186 non commussioned officers and men there were 16 523 courts 
martial, of which 179 were general, 8549 district, and 7795 regi 
mentalcourts There were also 224,681 minor ee ae by com 
manding officers, including 44,108 fines for drunkenness These 
figures generally show an increase of crime as compared with tle 
two years immediately preceding, but these two exhibited 1 deciease 
upon previous years Of the offences tned by court martial in 
1881 the following were the principal —mutiny 7, desertion 1597 
offences 1n relation to enlistment (fiaudulently enlisting while 
already belonging to the service or making false answeis upon 
attestation) 1190, violence to and disobedience of superiors 1650, 
minor insubordination and neglect of orders 1472, quitting or sleep 
ing on post 681, drunkenness on duty 2661, drunkenness (tried Ly 
court martial when the offence has been committed on a fifth 
occasion within twelve months) 2147, disgraceful conduct of vanous 
kinds 660, absence without leave not amounting to desertion 3293 
making away with or losing by neglect equipment or necessaries 
3768, and miscellaneous offences chiefly of an ordmary criminal 
character or to the preyudice of discipline 4181 | Upon the 16,523 
trials there were 349 findings of acquittal Regarding the punish 
ments awarded, it ap that no soldier was sentenced to death 
during the year, and the other awards were as follows —penal 
servitude 104, imprisonment with or without hard labour (almost 
invariably the former) 12,125, discharge with ignommy without 
other punishment 42, stoppages of pay without other punishment 
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flogging) af gies et cece aes 
were punished by reduction to a lower face or to the ranks, while 
591 more suffered imprisonment in addition to loss of grade, the 
former number being 1n the proportion of about 12 and the latter 
of 2 per cent. to strength Of the men tried 805 were pardoned 
Military Law of other Countrues —The administration of military 
law in other countries having large armies harmonizes 1n many 
unportant with that of England In some indeed 1t 19 a 
uestion whether their systems are not superior and in advance 
ey have a considerable body of “auditors” or military lawyers 
who expound the law and do much to secure a uniform and exact 
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administration of justice ‘1hus im Austria there are about tive 
hundred of these auditors, one being attached toeach regiment In 
the same country there are also courts of fire from the courts of 
first stance, these latter conssting of eight persons including the 
auditor Where the prisoner 18 a non commussioned officer or a 
private, that rank is represented on the court Here also the 
confirmation of supenor authority 1s required In the German 
army there are general and regimental courts An auditor who 
1s a lawyer 1s attached to each division, and it 1s his duty to 
expound the law, collect the evidence, and read it to the court 
in the presence of the prisoner, who 1s asked if he has any thing to 
say e court consists of eleven members of whom upon the tnal 
of a private soldier or non commissioned officer three aie of the 
rank of the accused The power of commanding officers in regard 
to beoget ai pomenmene 1s greater than im the Buitish army, 
especially in relation to officers, who may be j].ced 1n arrest for 
fourteen days The non commissioned officers and privates are liable 
to extra guards, diills, fatigues, and different degrees of arrest, some 
of a very severe character Dismissal from the army, which 15 re 

garded as a most severe punishment, involving civil disgrace, 18 
often awarded In Russia there are three kinds of military courts— 
namely the regimental court martial, the tnbunals of military 
districts, and the supreme tribunal at St Petersburg They are 
permanent couits, are attended by legal persons, and in certain 
instances have jurisdiction over the civil population as well as the 
army There 1s a judge advocate general at St Petersburg, where 
the supreme tribunal consists of genetal officers and high war office 
functionaries who have studied military law o1 possess a large 
pil edad ae of 1ts working In Italy there are permanent military 
tribunals for the tral of non commissioned ofhcers and soldiers, 
while special tribunals are appointed to try officers The court 1s 
the absolute judge of the facts, but regirling legal errors or 
irregularities an appeal lies to the supreme war tnbunal, which con- 
sists of four civilian Judges and three general officers The French 
code Sees in Manv respects with those of the othe great 
Continental armies, but 1t tends rather to give individual officers 
large powers of xmpnsonment graduated according to then rank 

The chief distinctive feature of the French system 1s the institution 
of regiments of discipline for refractory chiracters When the 
general office: s power of imprisonment (two months) 1s exhausted 
the offender may be sent before a cout of discipline and by them 
drafted into a compagnie de diserpline and ¢ ses of habitual miscon 

duct are thus dealt with, the man being struch off the strength of 
his original corps and transferred to one in Algetia The military 
law of the United States 1s founded upon and proceeds much uy on 
the same lines as that of England (J Cc OD) 
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MILITIA The militia of the United Kingdom 
consists of a number of officers and men maintamed for 
the purpose of augmenting the military strength of the 
country in case of smmuinent national danger or great 
emergency In such a contingency the whole or any part 
of the militia is hable, by proclamation of the sovereign, 
to be embodied,—that 1s to say, placed on active military 
service within the confines of the United Kingdom The 
occasion for isswng the proclamation must be first com 
municated by message to parlament if 1t be then 1n session , 
if it be not sitting, parhament must be called together 
within ten days For the purpose of heeping the force in 
a condition of military efficiency, the officers and men are 
subjected to one preliminary training for a period not 
exceeding six (usually about two) months, and further to 
an annual traming not exceeding fifty six (usually twenty 
eight) days The force 1s composed of corps of artillery, 
engineers, and infantry Infantry mbtiamen are formed 
into battalions constitutmg part of the territorial regiment 
of the locality of which the regular forces are the senior 
battalions The officers and men when called out are hable 
to duty with the regulars and in all respects as regular 
soldiers within the Umted Kingdom Of late years the 
men have been raised exclusively by voluntary enlistment, 
but where a sufficient number for any county or place 1s not 
thus raised a ballot may be resorted to m order to complete 
the quota fixed by the queen in council for that county or 
place Each man 1s enlisted as a militiaman for the county, 
to serve in the territomal regiment or corps of the district 
The period of engagement 1s not to exceed six years, but 
during the last of these years a militiaman may be re- 
engaged for a further period also not exceeding six years. 
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Men who illegally absent themselves are lable, in addition 
to punishment for the offence, to make up for the time of 
their absence by a corresponding extension of their service 
The officers are appointed and promoted by the crown, but 
first appomtments are given to persons recommended by 
the lord heutenant of the county who may be approved 
as fulfilling the prescribed conditions in respect of age, 
physical fitness, and educational qualifications Since 1877 
the officers have been permanently subject to military law 
The general body of the non commussioned officers and men 
are so subject only when called out for traming or embodi 
ment At other periods they have simply the legal status 
of civilians, except as regards a hability to trial and 
punishment for offences in connexion with enlistment or 
for military offences committed while called out Each 
militia regiment has a permanent staff, consisting of an 
adjutant and a small body of non-commissioned officers and 
drummers, to conduct the recruiting drills and ordinary 
business of the corps, and the members of this permanent 
staff are always subject to mlitary law They mostly 
consist of non commissioned officers who belong to or 
have served in the regular portion of the territorial 
regiment Many of the militia corps have their head 
quarters at the brigade dep6t or local establishment of the 
territorial regiment and all are under the general supervision 
of the (regular) colonel commanding the brigade depot 
The area of service does not extend beyond the United 
Kingdom, but those who voluntarily offer to serve in the 
Channel Islands, the Isle of Man, Malta, or Gibraltar may 
be employed there The uniform of the officers and men 
of the militia 1s precisely the same as that of the regular 
corps with which they are associated, or rather of which 
they form part, except that in addition to the regimental 
distinguishing mark they bear the letter “M upon their 
appointments, to denote that they belong to the mulitia 
portion of the corps 

As above stated the ranks of the militia are usually 
filled by voluntary enlistment, but by a statute which, 
though temporarily suspended, can be put in force provi 
sions are made for filing up any deficiency in the allotted 
quota im any county, city, or riding by ballot of the male 
inhabitants if within certaim limits of age The enactment 
provides as follows — 

The secretary of state 1s to declare the number of mulitiamen re 
Seige whereupon the lord lieutenant is to cause meetings to be 

eld of the heutenancy for each subhivision To these meetings the 
householders of each patish are to send im hits of all male persons 
between the ages of eightcen and thuty dwelling in their respective 
houses Before the ballot ho vever the parish may sup} ly volun 
teers to fill up the quota every volunteer so provided and approved 
oloraay as if he were a balloted yerson If a deficiency still 
exists the persons on the lists shall be balloted for and double the 
bumber of those reyuired to suyyly the defiviency shall be drawn 
out. Any peison whose name 1s 80 drawn may claim exemption or 
object and the deputy heutenants settle the question of } 1s hability 
to serve From the corrected list those who are of the requ site 
physique (the height 1s 5 feet 2) are enrolled in the order in which 
their names are numbered until the quota 1s completed _If the hist 
fs not sufficient to fill the quota another ballot in the same manner 
wto be taken Any balloted man becoming liable to serve may, 
however provide a substitute who has the requisite phy sical quali 
cations and 1s not himself lable to serve 


Within the general body of the mulitia 1s contamed 
another having an additional and important obligation m 
the matter of sevice It 18 called the “militia reserve,’ 
and 1s formed of men who voluntarily undertake a hability 
to join the regular forces and serve im any place to which 
they may be ordered im case of the proclamation of a state 
of umminent national danger or great emergency In this 
respect they are in fact upon the same footing as the army 
reserve, and on the occasion of the mobilization of 1878 
more than 20,000 of these men became part of the regular 
army The present strength of the mbtia reserve 1s a 
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httle under 29,000 men, and judging by past experience it 
may be computed that about 25,000 could be at onca 
added to the ranks of an army in the field in the event of 
national danger or emergency It 18 to be observed, how 
ever, that every man thus added to the regulars would be 
taken away from the effective strength of the militia 

There 1s no statutory provision for the number of men 
to be maintamed, that number being what from time to 
time may be voted by parhament The latest formation 
available respecting the actual condition of the mulitia of 
Great Britain relates to the year 1881, and that of Ireland 
to 1880, the militia of the latter country for obvious 
political reasons not having been called out for training mn 
1881 or 1882 Taking the muhtia of the United Kingdom 
in 1881, we find that the establishment provided for was 
139,501, of whom 18,618 were artillery, 1317 engineers, 
and 119,566 infantry Divided into ranks, this establish 
ment was made up of 3534 sergeants and 1260 drummers of 
the permanent staff and of the general body 3909 officers, 
2520 sergeants, 5040 corporals, and 123,238 privates 
The number actually enrolled was 127,868 of all ranks, 
leaving 11,633 wanting to complete Of the number 
enrolled 84,864 belonged to English, 14,138 to Scotch, and 
28,866 to Irish regiments, the numbers wanting to complete 
being for England 7420, for Scotland 162, and for Ireland 
4051 As the Insh regiments were not called out, our 
information regarding the actual effective condition of the 
force as shown at the annual trammg does not include 
Ireland With regard to the English regiments, 74,945 
were present out of an enrolled strength of 84,864 Of 
the absentees 3144 were with and 6775 without leave 
In the Scotch regiments, 12,401 appeared at the trammg, 
and of the absentees 616 were with leave and 1121 with 
out Of the total establishment (106,584) for Great 
Britain, 99 002 were enrolled, and of those enrolled 87,346 
presented themselves and 3760 were absent with leave and 
7896 actual defaulters Of the English regiments five 
sixths and of the Scotch regiments two thirds were born in 
the county to which their regiments respectively belonged 
Of 92,677 men (for Great Britain) whose occupations 
are disclosed, 17,665 were artisans, 22,221 mechanical 
laboureis, 26,227 agricultural labourers, and 26,564 other 
trades Speaking approximately, more than one half of 
the men were between twenty and thirty years of age, 
about 4 per cent between seventeen and eighteen, about. 
9 per cent between eighteen and nineteen, and about 12 
per cent between nineteen and twenty, while some 20 per 
cent were over thirty years of age More than one half 
those inspected in 1881 were between 5 feet 5 mches and 
5 feet 7 mnches in height, about 20 per cent were under 5 
feet 5 ches, while only 585 out of a total of 92,677 were 
6 feet and upwards At the date of mspection there were 
296 men in military confinement and 465 in the custody 
of the civil power On the last occasion (1880) on which 
the Imsh mulitia were called out, upon an establishment 
of 32,813 and an enrolled strength of 30,515 the number 
present at the training was 26,399, leaving 706 absent with 
and 2264 without leave Regiments numbermg m the 
aggregate 1146 men were not trained 


As distinguished from the regular forces or standing army, the 
militia has been described as the constitutional mulitary force of the 
country , and its history justifies the description, at least up to a 
recent period when 1t lost its distinctive character and became to » 

t extent merged in the regular army It 1s the oldest force 
ritain and in fact represents the train bands of earl 
English history Its origin 1s to be found im the obligation of 
freemen between certain ages to arm themselves for the preservation 
of the within their respective counties, and generally for the 
rotection of the kingdom from invasion This obligation, um 
in the first instance upon theundividuals themselves, became 
to the owners of land, who were compelled to keep up their propor- 
tion of horses and armour for the uational defence, forces were 
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laced tuder the heutenant ot the county, empowered in this 
te commussion from the crown This prerogative of the sovereign, 
which had been in some instances a matter of controversy, was 
declared by statute shortly after the Restoration By the same 
statute the militia of each county was placed under the heutenant, 
who was vested with the appointment of officers, but with a reserva 
tion to the crown in the way of commissioning and dismissal The 
cost of the annual traiming—for fourteen days—fell upon the local 
authority Offences against discipline were dealt with by the civil 
magistrates, but with a power to the officers of finmg and of 
imprisoning in default. Upon this footing the militia of England 
remained for nearly a century, with the general approval of the 
community It was recognized as an instrument for defence and 
for the preservation of internal order, while it was especially 
popular from the circumstance that from its constitution and 
organization the crown could not use it as a means of violating the 
constitution or abridging the liberty of the subject It was con 
trolled and regulated in the eounty , it was officered by the land 
owners and their relatives, 1ts ranks were filled by men not depend 
ing for their subsistence or advangement upon the favour of the 
crown, 1ts numbers and maintenance were be yond the royal control 
its government was by statute While the supeme command was 
distinctly vested in the crown, every practical security was thus 
taken against its use by the crown for any object not constitutional 
or legitimate It was regarded as, and was, 1n fact, the army of the 
state as distinguished from the standing army, which was very much 
the army of the king personally e latter consisted of hired 
soldiers, and was more than once recruited by a conscription, con 
fined, however, to persons of the vagrant class not having a lawful 
employment, while the former was mainly composed of those having 
a fixed abode and status The militia thus enjoyed for many years 
as compared with the regular forces a social as well 18 a consti 
tutional superiority About the middle of the last century the 
muihtia was reconstituted, with certain modifications not involving 
a sacrifice of the principle of its local government but strengthening 
somewhat the supervising influence of the crown Thus the hing 
directly appointed the permanent staff and wis given % veto upon 
the appointment and promotion of the officers who wele to have + 
property qualification A quota wis fixed fon each county, to be 
raised by ballot of those betwen the ages of eightcen and forty five, 
each paiish having the option of supplying volunteers at its own 
cost, and each man balloted being permitted in jieu of serving to 
pay £10 to provide a substitute hen called out for service tl e 
pay was to Lethe same as that of the regulais ani while embodied 
or assembled for annual training the othcers and men were place 1 
under the Mutiny Act and Articles of War, with, however, a proviso 
that in time of taining no punishment was to extend to ‘ life or 
hmb _ The crown wis given the power to call out the militin in 
case of apprehended invasion or of rebellion, and associate 1t with 
the regular army, but only upon the condition of previously 1n 
forming parliament if then sitting, and if 1t were not sitting of 
calling parlianent together for the purpose A further and im 
portant security was established to prevent an unconstitutional use 
of the militia by the clown the estimate for its training was framed 
each yeal, not by an executive minister of the sovereign, but by 
the House of Commons itself Upon the imitiative of a committee 
of the House, an Act was passed provi ling for the pay and clothing 
of the militia for the year Upon this footing substantially the 
militia of England 1emained for many yeas, the Insh and Scotch 
militias bemg meantime brought under the same conditions by 
various enactments The force was embodied on sevei1l occasions 
during the last and in the early years of the present century, and 
it contributed largely to the army engaged in the Peninsula From 
1808 to 1818 Fh 100,000 men, or two-fifths of those raised for the 
army, came from the militia In this way however, it lost its 
distinctive character as a defensive force During the peace which 
followed the final fall of Napoleon the militia was suflered to fall 
into decay, and up to 1852 1t had only a nominal existence 1n the 
shape of an effete permanent staff with no duties to perform In 
1853 the militia was revived just in time to enable it to fulfil most 
valuable functions In the war with Russia it was embodied and 
did garrison duty not only in the Umited kingdom but im the 
Mediterranean gairisons, thus enabling the authorities to send most 
of the available regular troops to the scene of hostilities It further 
contributed many officers and some 30,000 men to the hne It 
still gives annually about 8000 recrmts to the regulars During 
the Indian mutiny 1¢ filled scarcely less useful functions when 
again called out It has mmnce then been regularly assembled for 
annual traming, and when 1t 1s brigaded with the regula: forces at 
Aldershot and othe: camps of instruction its military aptitude and 
anne el have generally elicited the surprised admiration of pro- 
easional soldiers In 1871 an important constitutional change was 
made It was part of the new army system imaugurated in that 
ear that the control of the militia should be removed from the lord 
eutenant of the county and vested wholly in the crown = It has 
now virtually ceased to exist as a distinct body, and 1s a part of 
the regular forces with a limitation as to the time and area and 
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other conditions of service. There 1s no longer a pment of 
militia The body that would formerly be thus described 1s now a 
collection of milttiamen of a regiment largely composed of regulara. 
The votes for the maintenance of the militia are now part of the 
army estimates The officers of the militia and the line are eligible 
for duty with e:ther force, and may sit upon courts martial indis- 
cnminately This practical amalgamation of the old constitutional 
force with the standing army may appear theoretacally open to the 
objection that it 1s thereby placed under the direct control of the 
sovereign But the day has when such an objection could 
have any value The fact of the whole army being rai in all 
respects under the direct control of a miuister responsible not only 
to the crown but to parliament 1s enough to dissipate any constitu 
tional apprehensions under this head 

The only colonial militia that forms an effective force 1s that of 
Canada, which 1s organized as an efficient local ny The 
Government of the Dominion includes a minister of fia and 
defence The force 1s placed under the command of a general 

“leer, assisted by an adjutant general, belonging to the regular 


ral of the governing body a 

of the Royal Artillery and Royal Engineers, as well as achools of 
gunnery and musketry For military purposes the Dommuon 1s 
mapped out in twelve distncts The militia 1s divided into the 
active and the reserve, and the male inhabitants between the ages 
of eighteen and sixty, with the usual exceptions, are liable to 
cai service the extent of which varies with the age of each 
man, the larger xmount of duty fallmg upon the younger The 
active mitia compnses 12 regiments of cavalry, 17 field and 31 
garrison battenes of artillery besides a mountain battery, 4 com 
pamies of engineers, 2 mounted mfle corps, 97 battalions of from 5 
to 10 companies each and 16 independent companies of infantry 
The unifoim 1s for the most part lke that of the regular army, 
and the organization and general efficiency of the whole body have 
been very favourably reported upon Although the obligations of 
the Canadian militia are purely local, a large number on a late 
occasion offered themselves for general service, and, m the event 
of a war on a large scale, it 13 beheved that the force would con 
tibute a valuable addition to the fighting stiength of the impenal 
amy (J C OD) 


MILK 1s the fluid secreted by the mammary glands of 
the division of vertebrate animals called Mammalia These 
glands are in a rudimentary form im the Monotremes In 
Ornithorhynchus there 1s no mipple, but the mouth and 
tongue are closely applied over the area on which the ducts 
open, and the fluid 1s withdrawn by suction on the part of 
the young and compression of the gland by the mother 
In Echtdna the ducts of the gland open into a small pouch, 
foreshadowing the larger pouches of marsupials In 
Marsupials the glands are more compact, and have a greater 
number of lobules They are found behind the marsupial 
depressions or those ef the pouch, they are not fewer than 
two on each side nor more than thirteen, six on each side 
andonemidway The ducts, long and slender during lacta- 
tion, open on a nipple which 1s covered by a reflexion of 
the skin at the back of the pouch, thus forming a kind of 
hood or sheath The nipple is protruded beyond the hood 
during lactation, and 1s much elongated The number of 
these mpples bears a relation to the number of young at a 
birth, thus the kangaroo, with one at a birth, has four 
nipples (two, generally the anterior pair, being in use), 
whilst the Virginian opossum, which produces six or more 
at a birth, has thirteen mpples Rodents show a corre- 
sponding provision for the nourishment of the young m the 
number of npples A seeming exception 1s the common 
guinea pig, which frequently has eight, ten, or twelve young 
at intervals of two or three months, and yet the ‘nother 
has only two teats to serve them, turn and turn about, 
the original stock of the domestic species breeds, however, 
only once annually, and has but one to two young, so the 
domestic variety 1s @ curious anomaly due to the artificial 
circumstances of its fe. In the porcupines there are two 
nipples, one midway between the fore and hind leg, and the 
other midway between this and the base of the fore leg. 
In the coypu, a creature often carrying its young on its 
back whilst it swims across rivers, the teats project from 
the flanks near the shoulders, and are of considerable length, 
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so that the young readily reach them The Insechwora 
have, as a rule, more nipples than are found m any other 
order Thus in the tenrec (Centetes) there are as many as 
twenty two, and they are rarely fewer than fourteen, 
spread out in pais from the pectoral to the mguinal 
regions ‘There are ten teats in the common hedgehog, six 
to eight in moles and shrews, two in sloths and armadillos 
In Cetacea there are two long, narrow, flat glands lying 
between the dermal and abdommal muscles, with the sub- 
cutaneous blubber separating them from the skm The 
peculiarity of the arrangement in these animals, where 
suckling 1s performed under water, 1s the large size of the 
central duct, which acts as a kind of reservoir, so that the 
young may obtam a considerable supply m a very short 
time It would appear also that when suckling takes place 
the nose of the young 1s above the surface of the water 
Among Ungulates, in the elephant the glands and teats are 
between the fore legs, mn the rhinoceros they are nguimal, 
m the mare and ass the glands are two in number, and are 
found between the thighs, about 9 inches in front of the 
vulva, the tapir has two mguinal mpples, the peccary 
two ventral and two inguinal, the wild sow eight nipples, 
whilst in the domestic breeds there are at least ten, extend 
ing from the pectoral to the inguinal regions Rumunants 
have the glands aggregated into a round mass m the 
inguinal region, pendulous 1m full function, divisible into 
two glands, each of which has a large reservorr When in 
use the teats, one pair or two pairs being the number, in 
connexion with the reservoirs become so large as to receive 
the special name of “udder All the deer tribe, camels, 
the giraffe, and all kinds of cows have four teats most 
antelopes and the gazelles have two teats, whilst a few 
antelopes have four As to Carnwora, the feles have 
usually six nipples, the wolf jackal, fox, dog have usually 
eight , the seals and the walrus have four, the otters 
two, the weasels six the bears six, and in the kinkajou 
(Cercoleptes) the numoe: 13 reduced to tno Amongot 
Quadrumana, the aye aye (Chir omys) has only one pair of 
nipples, about an inch and a half in front of the vulva, 
many lemurs have in addition to those a pectoral pair, in 
all the platyrhine and catarhine Quadrumana there 1s only 
one pair of glands, restricted to the pectoral region Here 
the teats are between the fore legs, and the young clings to 


the mother s breast in human fashion, but there 1s no protru - 


sion of the breast as in the human being (For further 
details see Owens Anatomy of Vertebrates, vol m1 p 769 ) 

In the human race the glands are two in number, form 
ing, along with the skin and fat, two rounded emimences, 
one on each side, on the front of the thorax. They extend 


from the third to the sixth or seventh mb, and from the. 


side of the sternum to the axilla In the centre projects 
a small conical body, the mpple Around the nipple is a 
coloured circle, or a? ¢ola, which 1s darker during pregnancy, 
and even in women who have borne children than m the 
virgin state The surface of the mpple 1s wrinkled, and 
with a magnifying glass 1s seen to be covered with 
papulz Its perforated by numerous openings, the mouths 
of the milk ducts The tissue of the mpple contains 
numerous minute blood vessels, and it has at the base 
muscular fibres arranged mm concentne circles and m 
radiating bands It has much of the character of erectile 
tissue, as in the corpora cavernosa of the penis, becoming 
turgid, firm, and promment from excitement The base 
of the gland hes on the pectoral muscle, a thin layer of 
fascia intervening The surface 13 covered with fat, which 
gives it the smooth rounded outline It is amply supplied 
with blood by the long thoracic artery, some other mmute 
branches of the axillary artery, the mternal intercostal 
artery, and the subjacent intercostals The nerves come 
from the antenor and middle mtercostal cutaneous branches, 


MILK 


and the nipple 1s especially sensitive The gland 1s com- 
posed of numerous lobes bound together by connective and 
adipose tissue, and each lobe 1s formed of smaller lobules 
Each lobe has an excretory duct, and these ducts, from 
fifteen to twenty in number, converge towards the areola, 
beneath which they are dilated so as to form smuses from 
4th to jth of an inch in calibre From these sinuses arise 
the ducts which open on the surface of the mpple The 
general structure will be understood by referring to the 


accompanying figures, along with the description 





Fig 1—Half-diagrammatic view of a section through a lobule of the mam 
mary gland afte: Kiem (Atlas of Histology plate xi fig 1) magnified 45 
diameters a a duct dividing into two branches 0% b d connective tissue 
surrounding and going between the ultimate pouches of the gland ¢ cc the 
pouches or alveols of the gland the dots representing the cells hning them 





c 

Fic 2—A portior of the same gla d magnified about 400 diameters showing one 
complete and two incomplete alveoli aaa short columnar epithelial cells 
laming the alveolus each having an oval or 1ounded nugleus 6 6 6 epithelium 
cells containing next the interior of the alveolus a milk globule ¢ ¢cc¢ milk 
globules which have becn set free from epithellal cells 


When a duct is traced into the gland, 1t 1s found to sub 
divide into smaller ducts, and these into still smaller, untal 
the smallest ductlet 1s reached, round the end of which are 
clustered several alveols or pouches Each alveolus has 
a wall, lhned with epithelium cells In the wall of the 
alveolus there are capillary blood vessels which bring the 
blood near the cells By this blood the cells are nourished 
There 1s @ minute cavity in the centre of each alveolus into 
which cells or ther products can accumulate There can 
be no doubt that the formation of the milk globule takes 
place in these cells Whilst milk 1s not bemg formed the 
cells have a granular appearance, and the lumen or central 
cavity of the alveolus 1s small, but during secretion the 
cavity 18 enlarged and shows a few milk globules, whilst 
one or more milk globules can be seen in the interior of 
the cell If the milk globule in the cell be very large, the 
nucleus of the cell 1s pressed outwards and the protoplasm 
of the cell 1s reduced to a thin covering, over the globule, 
at this stage presenting a striking resemblance to a fat 
cell contaiming an oil globule Thus each milk globule 1s 
formed 1n the protoplasm of the epithelium cell, and even 
at an early stage each milk globule consists of a mnute 
drop of fat or oil surrounded by a thin albumnous envelope 
It has not been clearly ascertained whether epithelial cella, 
after having secretéd milk globules, degenerate and fall 
off, or whether they have the power of ejecting the milk 

aceta The fluid constituents of milk (water holding 
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salts m solution) may be separated from the blood by a 
kind of filtration under blood pressure, as 1s the case in 
other secretory processes The origin of the sugar of milk 
and of the casei 1s unknown (For a description of the 
minute structure of the 
om ~~ see Klein’s 

of EHrstology, 
300, and ernie ) 
At the beginning of 
lactation the milk 1s 
rich in largeirreguiarly 
formed corpuscles (fig 3, 
a, a, a) called colostrum 
corpuscles These are: 
contractile bodies, slow 
ly changing their form 
and squeezing out the 
ouly particles At first Fre 8—A drop of milk magnified 300 diameters 
they are the only bodies @ @ a colost: um corpuscles 
present, but they are soon replaced by the ordimary milk 
globules Such globules have bright refractive edges, 
the surface 1s smooth, they vary im size from g7zyth to 
soooth of an inch in diameter, and each consists of a 
drop of fatty matter surrounded by a layer of albumen 
(“Ascherson 8 membrane ”) 

A secretion of milk takes place in newly born children, 
from the fourth to the eighth day, and also m rare cases 
m men (Hermanns Phystology, p 158) During gestation 
in the human being the mammary glands increase in size , 
immediately after the birth of the child active secretion 
commences, and usually it 1s on the stoppage of the secre 
tion, ten months afterwards, that the process of menstrua 
tion, which has been arrested by umpregnation, again 1s 
re established 

The secretion of milk 1s undoubtedly affected by the 
nervous system, as is shown by fear or mental distress 
arresting or injuring the quality of the secretion, and by the 
“rush” or feeling of fulness in the breast experienced by 
the mother when the childs mouth touches the nipple, or 
even when she sees her offspring The nervous mechanism, 
however, 18 unknown, as 1t has been observed that secretion 
may continue even after section of all the nerves known to 
pass to the gland The nature of the diet has a marked 
influence on the quahty of the secretion Thus the 
amount of casein and of fatis greater durmg an animal 
than during a vegetable diet Tatty foods do not seem to 
increase the amount of fat or butter, an ample supply of 
carbo hydrates (starches and sugars) increases the amount 
of sugar These facts indicate that most if not all of the 
constituents of milk are formed from changes in the pro 
toplasm of the epithelial cells In some women the milk 
1s deficient m fat and casei, and consequently 1s less 
nutritious Prolonged lactation diminishes the amount of 
fat and sugar without materially affecting the amount of 
albuminous matter, but the milk 1s less nutmtious and 1s 
unfit for the child The occurrence of menstruation dunng 
lactation also deteriorates the milk (5 G M) 


Milk as Food 


The milk of various domesticated animals 1s more or less 
used by man for food The milk of the cow, which may 
be taken as typical of all others, and 1s indeed by far the 
most umportant and valuable of all, 1s, when newly drawn, 
an opaque white fluid, with a yellowish tinge, soft, bland, 
and sweetish to the taste, and possessed of a faintly animal 
odour This odour, according to Schreier, 1s due to the 
presence of sulphuretted hydrogen, and disappears after a 
short exposure The specific gravity of milk ordimanly 
ranges from ] 029 to 1 033, very seldom reaching 1 035 or 
falling so low as 1027, In chemical constitution 1t con 
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sists of an emulsion of fatty globules (cream) in a watery 
alkaline solution of casem, and a variety of sugar, peculiar 
to milk, called lactose The fat (which when separated we 
know as butter) and the lactose constitute the carbonaceous 
portion of the milk regarded as food. The casein, which 
forms the principal constituent of cheese, and a certam 
proportion of albumen which 1s present, form the nitro- 
genous, while the complex saline substances and water 
are the mineral constituents These various substances are 
present in the proportions which render milk a perfect and 
typical food suitable to the wants of the young of the 
various animals for whom it 1s provided by nature The 
muk of all animals, so far as 18 known, contains them, 
although they are present mm somewhat different propor 
tions It 1s probable that the milk of ruminants possesses 
certam physical and physiological distinctions from that of 
non ruminant animals, which will account for the virtues 
attributed to the milk of the ass and mare The following 
table exhibits the chemical constitution of the kinds of 
milk most frequently used by man — 


a 
8 


Voelcker 


86 87 
3 50 


475 
4 00 
070 


Water 

Fat 

Casein and | 
albumin 

Sugar 

As 





In addition to these constituents milk contains small pro 
portions of the gases carbonic acid, sulphuretted hydrogen, 
nitrogen, and oxygen, and minute quantities of other prin 
ciples, the constant presence and essential conditions of 
which have not been determined These consist of galactin 
and lactochrome, substances peculiar to milk, discovered 
by Winter Blyth, with certam animal principles such as 
leucin, pepton, kreatin, tyrosm, dc The salts in milk 
consist, according to the average of numerous analyses by 
Fleischmann, of the following constituents — 


o sup aviey Uva as we » Vee ot VE 


Chlorine 16 34 | Magnesia 407 
Lime 27 00 | Fernie oxide 0 62 
Soda 10 00 


Milk thus 1s not to be regarded as a definite chemical 
compound nor even as a mixture of bodies in fixed and 
invariable proportions Not only does the milk of different 
races and breeds of cows vary within comparatively wide 
hmits, the milk of the same animal 1s subject to extensive 
fluctuation The principal causes of vamation in the 
individual are age, period of lactation, nature and amount 
of food, state of health, and treatment, such as frequency 


of milking, &c The following table indicates the range 
of normal variations — 
Water 90 00 to 88 65 
Fat 280,, 450 
Casein and albumin $30 ,, 555 
8 300 ,, 550 
Ash 070 ,, 080 


The average quantity of milk ynelded by cows 18 also 
lughly variable, both in individuals and breeds As a 
rule the smaller breeds of cows yield a small amount of 
milk mch in cream (butter fat), while the yield of the 
larger breed 1s greater m quantity, but comparatively 
deficient in cream A milch cow should yield in 
a milk-giving period of from eight to nme months about 


1 Ewe's milk 1s exceedingly vanable, especially in 1ts percentage of 
fat, The above analysis is one of nine by Dr Voelcker, in which 
the fat was found to range from about 2 to 12§ per cent 
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500 gallons of milk, from which nearly 500 ib of cheese 
or 200 i of butter would be obtainable 

Davry Treatment —Cows are commonly milked by hand 
two or three timesa day A mulking machine of American 
origin, which was introduced about the year 1862, has been 
entirely abandoned The milk should be drawn from the 
animals in as clean a condition as possible, but notwith 
standing every precaution some amount of hair and 
epithelial and other animal débnis invariably enters the 
milk pail It has therefore to be immediately strained 
through a sieve with fine wire-cloth or hair stramer As 
muk is peculiarly susceptible of taimt, and absorbs odours 
of all kinds with great avidity, it 1s of the utmost con 
sequence that all vessels in which it 1s placed or kept 
should be so made as to be easily purified and that 
they should be kept scrupulously clean In Switzerland 
milk 18 strained with most beneficial effect through sprigs 
of washed fir tops, which inserted loosely and uprightly 
into the hole of a funnel arrest all hair, skin, clots, and 
slimy matter on the acicular leaves The milk drains 
through m a clean condition with a fresh slightly 
aromatized flavour favourable to its keeping A fresh 
sprig 1s used on each occasion of straming mulk, so that 
there 1s freedom from the msk of taint which arses through 
the use of imperfectly cleaned wire gauze The milk must 
be removed from the cow house as quickly as possible, 
and, if intended for use as new milk and for sale in the 
neighbourhood of the dairy, 1t may at once be put up for 
delivery But if 1t has to travel a distance, or if it 13 to 
be kept for creaming or cheese making, it should be rapidly 
cooled down, and kept in a cool airy milk room if prac 
ticable, surrounded with fresh cold water 

The ordmary method of separating cream either for 
direct use or for butter making 1s by allowing 1t to form 
on the surface and skimming 1t off with a broad flat spoon 
but mgenious adaptations of centrifugal machmes—of 
which Laval’s separator 1s one of the best known—have 
been introduced for the purpose of effecting the rapid and 
complete separation of the cream The centmfugal force 
of such machines throws the denser portions of the fluid 
towards the sides of a rapidly revolving cylinder, collecting 
the cream on an inner layer, which 1s carried off by one 
channel while the impoverished milk escapes by another 
The Laval separator gives very rich cream, as will be seen 
from the following analyses by Voelcker — 


Ordinary Skimmed Milk | Ord nary 
Cream rere by Laval see 


Water 
Butter fat 


77 80 
15 45 
3 40 
815 
070 


66 12 
27 69 
2 69 
3 03 
0 47 


gar 
Mineral matter 





After beg kept some time, depending principally on 
the temperature at which 1t 1s maintaimed, milk begins to 
turn sour owing to the formation of lactic acid, by a 
process of fermentation, at the expense of the lactose or 
milk sugar The acid so developed causes a coagulation 
of the casem, and the milk separates into a solid white 
curd, and a thin transparent yellow milk serum or whey 
These changes can to a certain extent be artificially pro 
duced, hindered, and controlled The followmg are the 
results of analyses by Fleischmann — 


Constrtwents of 100 Parts of Sweet Milk 


3 56 butter 
16 30 buttermilk. 
0 14 loss 
798 card 
71 45 whey 
0 32 loss 
0 380 los. 


79 70 skimmed milk 
0 80 loss 
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Relatwwe Composition of Milk and sts Products 


Cream 
Skim milk 
Butter 
Buttermilk 
Curd 
Whey 





The simplest and most advantageous form in which 
milk can be disposed of as a commercial product 18 by 1ts 
sale as sweet or new milk, and it 18 mm this manner that 
the greater proportion of the milk produced within the 
reach of large centres of population is disposed of New 
milk, cream, and skimmed mulk are the only primary forms 
in which milk is sent mtd the market CHEgsE and 
Butrer have been dealt with im separate articles (qv ) 
Whey, the yellow liquid remainmg after the separation of 
the curd im cheese making, 1s a source of milk sugar, 
employed to a limited extent in pharmacy , but it 18 prin 
cipally used for feeding pigs The buttermilk which re 
mains after separating butter 1s a most wholesome and 
nutritious article of food 


Preservation of Milk —The numerous methods which have been 
proposed for the preservation of milk in a condition fit for nse over 
a lengthened period resolve themselves into (1) chemical treatment 
with alkaline salts and antiseptic bodies, (2) physical treatment, 
such as cooling or 1c1ng boiling and aeration and (3) condensation 
with or without the addition of a preservative agent All systems 
of preservation, however are sul ject to serious disadvantages either 
from their serving their purpose for too limited a time, or their 
interfermg with the natuial constitution and properties of the 
milk Of all preservatives cold 1s the most efficient and least 
objectionable It has been shown by Soxhlet (Dingler s Polytech 
Journal cexxu1 $29) that milk cooled by 1ce water remains sweet 
and unaltered for fourteen days but after that time acquires a 
rancid taste After twenty eight days it coagulates on boiling 
owing to the presence of acids resulting from the oxidation of the 
cream and in thirty four days it coagulates even in the 1ce water 
It 1s also found that milk which has undergone aetation with 
atmospheric air has its keeping properties much improved The 
aeration 1s effected by allowins the milk to fall fiom some height 
in a state of fine division by passing 1t through the meshes of a 
sieve By another method air cooled by passing over ice 18 blown 
through the milk 

Milk keeps sweet for a longer tame when boiled but the smell, 
taste, and other properties are affected partly owing to the escape 
of gases mixed with it when fresh The unpleasant flavour com 
municated by boiling can be avoided if the action takes place in a 
closed vessel and the muk 1s immediately cooled down m a 
refrigerator connected therewith In the case of any suspicion of 
taint in milk exther from disease in the cow, contammation from 
unhealthy persons or the use of infected water in aprae Maat a 
boihng 18 also strongly to be recommended, as 1t effectually 
destroys the germs of disease, in the carrying and spreading of 
which milk 1s 8 most active agent —_ It 1s with the utmost difficulty 
that boiled milk can be coagulated by means of rennet, but by 
treatment with acid 1t co tes more rapidly and freely than 2f 
unboiled 

Of the various chemical compounds which have been suggested 
and more or less used for preserving milk, the most successfal 
hitherto has been salicylic acid, which has the advan of aay: 
tasteless and modorous By briskly stir1img in rather less than 
grains to a pint of milk, 1t can be kept liquid and sweet in a tem- 

rature of from 65° to 68° T'ahr for twelve hours, and at 55° Fahr 
ora whole day If 4 ee be used to a pint, coagulation in the 
higher temperature 1s delayed from two or three days, and at the 
lower temperature the milk may be kept good from three to five days 
Boracie acid and borax are also employed by darymen, the former 
being known as glacialine salt The presence of any chemical anti- 
septic mm milk 1s, however, at best a matter of doubtful advantage 

Condensation —Mulk 18 now treated on a large scale by a process 
of concentration, the product of which comes into the market in 
two forms—as ‘‘ plain condersed milk and as “‘ preserved milk.” 
The credit of originating the industry 1s due to Mr Gail Borden of 
White Plains, New York, who began his experiments about 1849 
In 1851 he mtroduced his plain condensed milk, which 1s simply 
milk from which between three fourths and four fifths of the water 
has been removed, and in 1861 he rendered important services to 
the army in the field by supplying preserved milk which was in 


MILK 


effect milk smularly concentrated, with a proportion of sugar 
added, and hermetically sealed in tin cans Phe manutacture was 
transplanted to Switzerland im 1865, after which condensing 
factories were established n England, Ireland, Denmark, Bavana, 
Norway, and elsewhere With the mtroduction of the condensing 
trade there has also been associated the factory system of dealin 
with dairy products, by which the milk of many daues 18 carn 
4o one centre and dealt with either for condensing or for cheese or 
butter making The following epitome ot the process of condens 
mg milk 1s from a paper by Mi Willard of Cornell university, 
New York (Jour Roy <Agrie Soc, 2d series, vol vin, 1872) 
The milk when received at the factory is first passed, he says, 
‘through a straincr to the receiving vat, from this 1t 1s conducted 
off, gong through another straine into the heating cans, each 
holding about 20 gallons , these cans are set in hot w iter, and the 
milk 1s held in them till it reaches a tempetature of 150° to 175° 
Fehr , 1t then goes through another strainei into a large vat, at 
the bottom of which 1s a coil of copper pipe, through which steam 
1s conducted, and heie the milk 1s heated up to the boiling point 
Then the best quality of whitegranulated sugar is added, in the 
proportion of 1} 1% of sugar to the gallon of milk, when it 18 drawn 
into the vacuum pan hay mes capacity of condensing 3000 quarts 
or more ata tirae The milk remuns in thc vacuum pin subjected 
to steam for about three hours, dung wh ch time about 75 per cent 
of its bulk in water 18 removed, when it 1s driwn off into cans 
holding 40 quarts each The cans are only } utidlly fillei, and are 
then set in a large vat containing cold w ite:, the water being of a 
height equal to that of the milk in the cms Here it 1s stirred 
until the temperature of the condensed fluid 13 reduced to a httle 
below 70°, 1t 1s then turned into laige diiwing cans with faucets, 
an order to facilitate the filling of the small cans, holding 
1 Ib each, which are immediately solderel to cxclude the air ’ 

In the case of plain condensed milk the concentration 1s usually 
carried farther than 1s practised in prepaiinz the preserved milk, 1t 
being evaporated down to between one touith aad one fifth of the 
orginil bulk It 1s not put up im sealed tins being mtended for 
ammediate use, and keeps sweet only foi a few days valving with 
the state of the weather, whereas the sugaied milk 1n sealed cans 
keeps for years The large amount, however, of cane sugar added 
to preserved milk seriously disturbs its bulance of proportion as a 
perfect food and renders it unfit to be used alone in a dilute state 
as a substitute for mothers milk by infants a purpose for which 1t 
is largely employed It should also be obscived that the telative 
proportion of fat 1» small, the muh being partially shimmed before 
ut 1s operated on, so that the statement that preserved milk diluted 
with a small propoition of water 1s equal to cieam 1s not to be 
relied on Preserved milk, rich in cream, has always a mote or 
less rancid oily taste and cannot be obtained so sweet and even in 
flavour as that largely Sits of fat According to a German 
patent of E hlebs in Prague, plaim condensed milk may be 
preserved by adding to every 100 litres of the original milk a 
solution of 50 grains of benzoate of magnesium in one litre of 
watel 

Adulteratton —Practically the invat1ible mode of sophisticating 
milk for sale consists in the addition of water and 1n the subtrac 
tion of cream,—in other words, passing off skimmed or paitly 
skimmed as new milk Now and again there are found certain 
little refinements on these simple frauds, such as adding a quantity 
of sugar to correct the specihe gravity, flour or starch to increase 
opacity, and a touch of c lowing matter to cover the bluish tinge 
wich would betiay skimmed milk In the United kingdom no 
official standaid of what constitutes pure milk has been promul 
gated, but the socalled Someiset House standaid has been 
generally recognized in law courts Accoiding to this, new milk 
should contam as a minimum of solids not fat 8 © per cent and of 
fat 25 per cent , and of water a maximum of 889 percent The 
most satisfactory manner of discovering the probable genuimeness 
of a sample of milk 1s by chemical analysis carted sufhciently far 
to determine the amount of fat and of othe: solids present 
Numerous attempts have been made to place m the hands of dairy 
men, dealers, and consumers of milk a trustworthy method of 
estimating the condition and value of the aitule by simple 
quantitive tests for cream or fat—at once the most valuable con 
stituent and one the presence of which m aveiage propoition is 
indicative of the quality of the whole The simplest but at the 
game time the least trustworthy and efficient method 1s by means 
of the so-called ‘‘creamometer,’ which consists merely of a 
graduated glass tube 1n which a measured amount of milk 1s placed 
and the amount of cream 1t throws up ts read off by means of the 
scale Specific gravity determinations hive by themselves no 
significance, seemg milk deprived of its cream can by dilution with 
water be pave to correspond exactly with the omginal milk 
But by a combination of two methods,—first taking the specific 
gravity, next observing the yield of cream by the ‘‘ creamometer,” 
and finally taking the specihe gravity of the milk deprived of 
cream, regard being had to the temperature of the milk in these 
observations, an approximately accurate idea of the value of a 
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sample may be obtamed. Amuuy so called ‘‘lactoscopes,” the 
operations of which are based on the fact that milk rch in cream 
1s a much more opaque fluid than that from which cream has been 
taken or to which water 1s added, that mvented by Professor 
Feser of Munich 1s one of the simplest and most useful It con 
mists of a glass tube open at the upper end and attenuated at its 
lower extremity Into this narrower portion 1s fused a small 
cylindrical rod of opaque milk glass on which black lines are 
marked These lines ate invisible when the lower portion of the 
tube 18 niled with a measured quantity of milk, but on addition ot 
water they become visible When the black lines become by the 
gradual admixture of water perfectly distimct, the mchness of the 
milk in cream globules 1» mdicated by the height to which the 
mixture of milk and water has 11sen in the wide portion of the 
tube, which has engraved on it a scale showing on one side the 
amount of water added and on the other the j1oportion of cream 
equivalent to the transparency resulting from such addition 
Statrstuces —In the ycar 1878 it was calculated by MrJ C Morton 
that the total yield of milk from the 2,250,000 cows and heifers 
in milk or mm calf in England and Scotland amounted to about 
1,000,000,000 gallons yearly He assumed that about one sixth of 
that quantity (167,000,000 gallons) went to feed calves and that 
the daly consumption of the population was 1,000,000 gallons, 
being rather more than a quarter of a pint per head, which accounts 
for 365,000,000, still leaving 468,000,000 gallons to be used for 
butter and cheese making Twothnds of this quantity, or 
312,000,000 gallons, Mr Morton assumes was used for cheese making, 
ylelding 2,800,000 cuts of cheese (rather less than 1 Ib per gallon 
of milk), and the 1emainder, 156,000,000 gallons, of milk devoted to 
butter making would j1eld 530 000 Ib of butter, or 1 Tb of butter 
for every 21 pints of milk In these figmes no account 1s taken of 
Ireland, whence at that period there were sent to England alone 
yeaily 3 500 000 tb of salted butter In June 1882 the number of 
cows and heifers in milh and in calf in Great Birtain did not vary 
grevtly from the number on which Mi Moitons estimate for 1878 
was based, being 2,267,175, whilst in lheland the number was 
1,398,905, mahing the total for the United Kingdom 3,682,317 
If we take approximately Mr Moitons data as the basis of calcu- 
lation, the 3,682,317 milk cows ind heifers m the United king 
dom would yield, at 440 gallons jer head, 1,620,219,480 gallons 
of milk Further, assuming that one siath of this 1s consumed 
by calves, one thud consume! by population, one third used for 
cheese making, and one statn used for butter making, we have as 
the yield of cheese 4,846,600 cwts and as the yield of butter 
920,000 cwts As Ireland is much more a butter producing than a 
cheese j1elding country, the quantity of cheese made 1s probably 
overestimated in these fgures, and the amount of butter made 1s 
correspondingly understated To bring out the consumption of 
dairy products for the year the followins impoits must be added — 


Cheese 
Butte: (inclu ing butt: 


£4 742 368 
11 339 226 


Thus we find the total sup;ly of cheese to the United hingdom 
in 1882 was 6,538,495 cwts , and of buttcr the supply was 3,087,428 
ewts Estimating the home produce of both articles at the same 
value as the imports, the cheese supply cost £18,320,000, and 
the butter £16,1.0,000 Adding to these the probable cost of the 
mulk consumed as such (say 550 000,000 gallons at 1s per gallon 
= £27,500,000), we have for the year 1882 mm round numbers 
£62,000,000 expended on dairy produce within the United Kingdom. 

The total number of milch cows at present (1883) in the United 
States 1s stated et 15,000,000, which, takin the 440 gallons bams, 
yicld annually 6,600,000,000 gallons, or nearly 30,000,000 tons of 
milk In Amenica the factory system of treating mh has attamed 
much greater dimensions than in Lurope, and that perfection of 
treatment, combined with the cheapness of raising and feeding stock, 
enables the American companies to enter the European markets 
with large quantities of cheese and other dairy products of uniformly 
good quality which find a ready and remunerative sale 

Koumzss —Unde: this name is properly understood a fermented 
drink prepared from mares milk by the Tartar tribes of the Russian 
empuie and by all the nomad races of the northern parts of Asa. 
It 1s made by diluting mare’s milk with about one sixth part of 
its quantity of water, and adding as a ferment about one eighth 

of very sour milk or of old houmiss. This mixture 1s pl 
in a wooden vessel which 1s covered over with a thich cloth, and so 
left for about twenty four hours in a moderately warm situation. 
Dunng that time a thick op, eter rises to the surface, which 1 
thoroughly remncorporated by churnmg After standing for another 
day, the whole mass 18 again thoroughly churned and med ap, 
and in this state 1t forms new houmiss, having an agreeable subacid 
taste. The liquor is mostly stornd and preserved by the Tartars in 
akin bottles, in which the fermentation continues hia its 
alcoholic qualities, and mellowing and improving Its taste uine 
Tartar koumiss has the follow img compoaion rags 3 21, lactic 
; Pee 
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acid 019, sugar 210, albuminoids 186 fat 1°78, salts 0 509 
carbonic acid 0 177, and water 93 46 A distilled spirit 1s repared 
from koumiss, which 1s drunk among the Tartare under the name 
of araca or arsa © Koumuss has of late years come into prominent 
notice as a remedial agent 1n cases of pulmonary consumption, and 
generally as a nutritious form of food easily assamilated by delicate 
stomachs It 1s probvble that all its virtues reside in the original 
milk from which 1t 18 prepared in which crse the koumias can only 
be regarded as valuable in so far that 1t 18 a convenient form under 
which the esscntial gat niles of the milk can be preserved for use 

Under the name of koumiss a { Be rhea of cows milk 1s now Mi 
generally sold It 1s made by adding to each quart of new mil 

about a tablespoonful of common sugar aud brewer s yeast, allow 

the fermentation to proceed a sufficient length then bottling an 

corking 18 n the case of aerated waters Such a preparation con 

tains out the same proportion of alcohol as genuine koumuss, but 
anon alcoholic vanety can also be obtaimed made by a process of 
natural fermentation, which contmuing after bottling develope 
a large amount of carbonic acid and renders the liquor 4) y 


effervescent (J PA 


MILL, James (1773-1836), historian and political and 
mental philosopher, was born 6th April 1773, in the 
little village called Northwater Bridge (Bridge of North 
Usk), mn the parish of Logie Pert, in the county of Forfar 
His father, James Mill, was a shoemaker, his mother, 
Isabel Fenton, belonged to a race of respectable farmers 
The father was industrious, good natured, and pious, but 
not known as specially mtelligent The mother was of a 
proud disposition, and resolved to educate James, her eldest 
son, for a superior destiny He began his education at 
the parish school, and went on to the Montrose Academy, 
where he remained till the unusual age of seventeen and a 
half, when he went to the college of Edinburgh (1790) 
According to the usage of the time and neighbourhood, he 
ought to have been sent about thirteen or fourteen to 
Marischal College, Aberdeen His remaining so long at 
the Montrose Academy, and his gomg to Edinburgh for 
his university course, must be connected with his bemg 
taken up by Sir John and Lady Jane Stuart of Fettercairn, 
who engaged him to be tutor to their only daughter, 
known for having inspired the affection of Sir Walter 
Scott, and for being the mother of Principal James David 
Forbes Sir John and Lady Jane Stuart contracted a 
warm attachment for Vill, which lasted throughout their 
hves At Edinburgh University Vill was distinguished as 
a Greek scholar But he received his greatest umpulse 
from Dugald Stewart, for whom he always expressed 
unbounded admiration In October 1798 he was licensed 
as a preacher, but seems to have preached very seldom 
His years from 1790 to 1802, besides bemg occupied with 
incessant studies extcnding imto history and moral and 
political philosophy, were devoted to various tutorships 

Failing to find a career to his mind in Scotland, in 1802 
he went to London im company with Sir John Stuart, 
then member of parliament for Kincardineshire He soon 
obtained literary occuy ation to which he apphed himself 
with untiring energy His fist important venture was to 
start a periodical on a new plan, entitled The Interary 
Journal, which begin to appear m January 1803, and 
continued under his editorship till the end of 1806 It 
was the most comprehensive im its aims of any periodical 
hitherto in existence, bemg a summary view of all the 
leading departments of human knowledge Thomas 
Thomson, the chemist, took charge of science, and many 
other men of ability co-operated “hill himself wrote 
largely in biography, history, political philosophy, political 
economy, and also in theology, on which his views at the 
time were broad without being sceptical The pubhsher 
of the Journal was Baldwin, whu was also the proprietor 
of the St James's Chronicle, a Conservative paper appear 
ing three times a week For two or three years, from 
1805 onwards, Mull ‘was editor, but at last gave it up, 
partly on conscientious grounds, although in conducting 
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it he never lent himself to the expression of any liberal 
views, but often made 1t the veils of the opposite 

In 1804 he wrote a pamphlet on the Corn Trade, 
advocating the umpolicy of a bounty on the exportation of 
gram This was the ng of his career as a political 
economist In 1805 he published a translation of Villers’s 
work on the Reformation, an unspanng exposure of the 
vices of the papal system He added notes and quotations 
by way of confirmation of the author’s views On this 
subject also he contmued to hold strong opmuons all through 
hfe, and often recurred to it 1n hus articles in the reviews 
In 1805 he marned Harnet Burrow, whose mother, a 
widow, kept an establishment for lunatics m Hoxton He 
then took a house in Rodney Street, Pentonville, where his 
eldest son, John Stuart, was born m 1806 It was about 
the end of 1806 that he entered upon the composition of 
the History of India, which he expected to finish in three 
or four years He wasactually engaged upon it for twelve, 
giving, however, a considerable portion of his time to other 
writing for the support of his family The straim upon his 
energies for those years was enormous 

He became acquainted with Jeremy Bentham in 1808, 
and was for many years Bentham’s chief companion and 
ally In 1810 Bentham, to have Mill nearer him, gave 
him Milton’s house, which adjomed his own, and was his 
property After a few months trial Mill had to give up 
this house on account of his wife’s health, and went to hve 
in Newington Green, but m 1814 Bentham leased the 
house No 1 Queens Square, now 40 Queen Anne’s Gate, 
close to his own garden, and gave it to Mill at a reduced 
rent, here he remained till 1831 The intimacy with 
Bentham was rendered still closer For four years, from 
1814 to 1817, Bentham was at Ford Abbey, near Chard, 
in Somersetshire, and there Mill and his family were 
domesticated with, hum nine or ten months each year,—in 
which retirement it 18 probable that Mull was able to 
accelerate the completion of his history 

In the twelve years between 1806 and 1818 he wrote a 
great many articles for various periodicals Among these 
were the Ant: Jacolin Renew, the Britush Revrew, and the 
Eclectic Revew , but there 1s no means of tracing his con 
tributions In 1808 he began to write for the Edinburgh 
Renew, and contributed steadily till 1813, most of his articles 
being known In the Annual Renew for 1808 two articles 
of his are traced—a “ Review of Fox’s History,” and an 
article on “Benthams Law Reforms,” probably his first 
published notice of Bentham The first known article in 
the Edinburgh was on “Money and Exchange” (October 
1808) In 1809 (January and July) he wrote at great 
length on Spanish America and General Miranda, with 
whom he was on terms of intimate fmendship In the July 
number he also wrote on China In 1810 (Apmil) he made 
a severe attack on the East India Company He also 
wrote on the hberty of the press and on the Church of 
England m connexion with the Lancasterian schools He 
was an active member of the committee for promoting 
education on Lancaster’s plan In 1811 a penodical named 
the Phelanthropist was started by Wiliam Allen, and 
published 1n quarterly numbers till 1817 Mull co-operated 
with Allen both in the wntmg and in the management 
He contributed largely to every number,—his pnncipal 
topics bemg education, freedom of the press, and pmson 
discipline (under which he expounded Bentham’s “ Panop- 
ticon”) He made powerful onslaughts on the church in 
connexion with the Bell and Lancaster controversy. In 
1814 Macvey Napier engaged him to contribute to the 
supplement to the fifth edition of the Hncyclopade 
Brianna Many of the articles became notable The 
hst meluded “Government,” “Junsprudence,” “ Liberty 
of the Press.” “Prisons and Prison Discipline,” “Colony,” 


MILL 


“Law of Nations,” ‘ sducation,” “Beggar,” “Benefit 
Societies,” “Banks for Savings” In “Jurisprudence” and 
“Prisons” he was largely indebted to Bentham, in most 
of the others he was either altogether or m great part 
origmal The article on “Government” will occupy a 
permanent position m English history. 

In 1818 was published the History of India, which had 
a great and speedy success It was the means of changing 
the euthor’s future position The year following he was 
appointed an official in the India House, in the important 
department of the exammer of Indian correspondence 
He gradually rose in rank till he was appomted, mn 1830, 
head of the office He introduced his eldest son into the 
same department im 1823 

In 1824 Bentham projected the Westminster Review, and 
Mill was a principal writer for three years Some of his 
most vigorous writings are*:ncluded among those contribu 
tions The first was an elaborate criticism of the Edinburgh 
Rewmew as a whole , 1t was followed by an onslaught on the 
Quarterly Other articles dealt with English history and 
with ecclesiastical establishments, which he severely im 
pugned To a pemodical of short duration, The Par 
hamentary History and Renew, he contnbuted an elaborate 
political retrospect of the parhament of 1820-26 In 
1829 appeared the Analyses of the Human Mind From 
1831 to 1833 he was largely occupied in the defence of the 
East India Company durmy the controversy attending the 
renewal of ite charter, he being in virtue of his office the 
spokesman of the court of directors In 1834 Sir Wilham 
Molesworth projected the London Review, and Mull con 
tributed to 1t during the last two years of ms lfe His 
most notable article was one entitled “The Church and its 
Reform,” which was much too sceptical for the time, and 
injured the Revew His last published book was the 
Fragment on Mackintosh, which appeared in 1835 He 
dred on the 23d June 1836 


A considerable space would be requned to do justice to Mills 
character—ntellectual and moral—as shown both 1n his writings 
and in his intensely active and influential career He was an ev 
cellent scholar, in the sease of ya the Greek and Roman 
classics His othit uccomphshments included general history, the 
philosophy ot politics in the most comprehensive acceptation, logic, 
ethics, and mental philosophy The type of his intellect was logi 
cal in the highest degiee, e was, above all things, clear and pre 
cise, an enemy of (\cry form of looseness of reasoning, and a crusher 
of prevailing falluics This w the most notable featwe wn his 
writings thioughott His was also an omginal mind Except in a 
fuw subjects, which had becn so well elaborated by Bentham that 
he was content to he little more than an expounder of Benthims 
views, he gave a ficsh turn to whatever topic he took up At a 
time when social sul jects w 1e subjected almost eaclusively to an 
empincil hand] ng he msisted on bringing first principles to bear 
at De pomt, im this lay both Ins strength and his weakness 

is 
matenals for naiating the acquisition by England of its Indian 
empire wcre put into shape for the first time, a vast body of political 
theory was brought to bear on the delineation of the Hindu civiliza 
tion, and the conduct of the actors in the successive stages of the 
conquest and administration of India was subjcted to a severe 
cuticizm ‘Lhe work 1tself, and the author s othaal connexion with 
India foi the last seventeen ycars of his lift, effected a complete 
change in the whole system of governing that country 

played a great part as a politician and political philosophe: 

in English affairs as well He was, moe than any other man, the 
founder of what was called philosophical radicahsm His writings 
on government and his personal influence among the Liberal poli 
tiians of his time determined the change of vicw from the French 
Revolution theomes of the nghts of man an | the absolute equalit 
of men to the clarming of secuzitics for good government throug 
a gieat extension of the electoral suffrage Under this banner it 
was that the Reform Bull was fought and won 

His work on Polttucal Economy was tended as a text book of 
the subject, and shows all the authors precision and lucidity = It 
followed up the views of Ricardo, with whom Mill was in habitual 
intimacy. It urged stiongly the modern apphcation of the prin- 
ciple of population, and started the doctrine of taxing land for the 
unearned i increment of value  ¢ 

By his Analyse of the Mind and his Fraginent on Mackintosh 


A ir literary monument 1s the History of India The | 
8 


| honoured subjects of secondary and higher education 
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Mill acquired a position im the hustory of psychology and ethics. 
Attached to the a posterwrt school, he vindicated its claims with 
conspicuous ability. He took up the problems of mind very much 
after the fashion of the Scotch school, as then represented by Reid, 
Stewart, and Brown, but made a new start, due in part to Hartley, 
and still more to his own independent thinking He carned out the 
principle of association into the analysis of the complex emotional 
states, as the affections, the esthetic emotions, and the moral 
sentiment, all which he endeavoured to resolve into pleasurable and 
painful sensations But the salient mont of the Analysis 1s the 
constant endeavour after precise defimition of terms and clear state 
ment of doctrines The Fragment on Mackvntosh 1s a severe ex 
per of the flimsiness and musrepresentations of Mackintosh’s 
‘amous dissertation on ethical philosophy It discusses, mn a very 
thorough way, the foundations of ethics from the author s point of 
view of utility 

Mill’s influence on the young men of his time by his conversation 
has been especially celebrated Among those that came under this 
influence were some of the greatest names in the generation that 
succeeded him He had himself a very high ideal of public virtue, 
which he carried out, at the msk of sacrificing all his chances of 
worldly advancement, and he impressed this ideal on those that 
surrounded hum,—most of all on his own son, who has since cclipsed 
his father 1n fame, if not in genius 

See J S Mills Autohography, Bain’s 
Bower 8 Hartley and James Mili 


MILL, Joun (c 1645-1707), editor of an histoncally 
important critical edition of the New Testament, was born 
about 1645 at Shap in Westmoreland, entered Queen’s 
College, Oxford, as aservitor im 1661, and took his master’s 
degree in 1669 Soon afterwards he was chosen fellow 
and tutor of his college, m 1676 he became chaplain to 
the bishop of Oxford, and mn 1681 he obtained the rector'y 
of Blechingdon, Oxfordshire, and was made chaplam to. 
Charles IT From 1685 tall his death he held the appomt 
ment of principal of St Edmunds Hall, and in 1704 he 
was nominated by Queen Anne to a prebendal stall in 
Canterbury He died on June 23, 1707, just a fortnight 
after the pubhcation of ns Greek Testament 

Mills Aovwm Testamentum Greeum, cum lectronrdus variantibus 
HSS Exemplarium, Versionum, Editwnum SS Patrum et Serip 
torum Ecclesvasticorum, ct im easdem notis (Oxferd, fol 1707), was 
undertaken by the advice and encouragement of Feil, hia predecessor 
in the field of New Testument criticism , 1t represents the labour of 
thirty ycars and 1s adnutted to math a great advance on all that 
had previously been achyeved The teat mnieed 1s that of R 
Stephanus (1550) Lut the notes, besides embod.ing all previously 
existing collections of various readings, add a vast number denved 
from his own examination of many new MSS and Onental versions 
(the latter unfortunately he used ouly in the Latin tianslations) 
He was the first to notice, though only incidentally, the value of 
the concunience of the Latin evidence with the Codex Alexandrinus, 
the only fe nial ty of an anuient non Western Greek text then 
suffivently known, this hint was not lost on Bentley (see Westcott 
and Hort, Introduction to \ew Testament) Mulls various readin 
numbering about thirty thousand, were attacked by Whitby in 
Examen as destioying the validity of the text, Antony Collins also 
argued in the same sxnse though witha different object The latter 
called forth a reply trom Bentley (Phileleutherus Lipsiensis) In1710 
huster reprinted Mills ‘lestament at Amsterdam with the readings 
of twelve additional MSS 


MILL, Jonn Srouart (1806-1873), son of James MILL 
(qv ),¢was born in London on the 20th May 1806 Hy» 
education was from first to last undertaken by his father, 
and 1s likely long to remain a standing subject for wonder 
and discussion Much of the wonder 1s no doubt due to 
his father’s monstrous inversion of custom, the boy being 
set almost as soon as he could speak to work at our oa, 

) 

was taught the Greek alphabet at the age of three, and one 
of his earhest recollections, as he has recorded 1n his auto- 
biography, was learnmg hsts of common Greek words with 
ther Enghsh meanings, written for him by his father on 
cards By his eighth year he had gone through im the 
| orginal a great many Greek books “Ot grammar,” he 
says, “until some years later, I learnt no more than the 
inflexions of the nouns and verbs, but after a course of 
vocables proceeded at once to translation, and I faintly 
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remember gomg through Asop’s Fables, the first Greek 
book which I read The Anabasts which I remember 
better, was the second I learnt no Latin until my eighth 
year At that time I had read under my father’s tuition 
a number of Greek prose authors, among whom I remember 
the whole of Herodotus and of Xenophon’s Cyropedta and 
Memortals of Socrates, some of the lives of the philosophers 
by Diogenes Laertius, part of Lucian, and Isocrates Ad 
Demonwcum and Ad Neuoclem I also read, in 1813, the 
first six dialogues (in the common arrangement) of Plato, 
from the Euthyphron to the Theetetus inclusive” Besides 
all these Greek books, he had read a great deal of history 
mn Enghsh—Robertson’s histories, Hume, Gibbon, Watson’s 
Phihp II and III, Hookes Roman History, Rollin’s 
Ancient History Langhornes Plutarch, Burnets History 
ot My Own Trmes, thirty volumes of the Annual Reguster, 
Millars Htstorwcal Vrew of the English Government, 
Mosheims Ecclenastical History, M‘Cnes Knoz, and two 
histories of the Quakers 

That Mill “knew Greek” and “read Plato” before he 
was eight years old 1s often repeated, sometimes as an 
instance of amazing precocity, sometimes as an awful 
example of injudicious parental forcing The astonishment 
that a child should have done so much at such an age 1s 
probably as httle grounded in reason as was Mills own 
opinion that any child might have done the same It1s 
forgotten that many thousands of persons have known 
Greek before the age of eight without a knowledge of the 
technicalities of Greek grammar In presence of the fact 
that Mill was never distinguished for great memory of 
detail or mchness of historical or literary allusion, 1t 18 a 
fair conclusion that the matter of his reading at this age 
was of as little service to him in after life as if he had read 
the trashiest of boys own books This 1s not to say that 
for educational purposes his early years were wasted as 1n 
bis own and his fathers opiion they generally are But 
undoubtedly the main factor in Mills education was not 
the hterature put into his hands, but his constant inter 
course with the active richly stored mind and strenuous 
character of his father If any should be tempted to 
imitate the method, they should bear in mind that this 
was the cardinal element of 11 The tutor was of more 
importance than the books The reading of Platos 
dialogues would have been only an exercise in rough 
translation if the boy had not had a Socrates with him in 
living communion The child was a constant inmate of 
his fathers study, and trotted by his side m his walks, 
giving from jottings on slips of paper as good an account 
as he could of what he had read He thus learnt at an 
unusually early age by example, precept, and practice the 
habit of strenuous application to difficult work The 
fact that Mill was taught thus early to take his chef 
pleasure in overcoming intellectual difficulties, and to realize 
the meaning of geneial terms, accounts for the singular 
and altogether unparalleled ease which he acquired in the 
treatment of political and social generalizations, not in 
barren abstract vagueness, but in close relation with facts 
This on the intellectual side, and on the moral side the 
child was almost from the dawn of consciousness instructed 
to regard himself as consecrated to a life of labour for the 
public good , his ambition was kindled to follow im the 
footsteps of the great men of all ages, and at the same 
time the utmost care was taken to purify that ambition 
from unworthy motives 

A contemporary record of Mills studies from eight to 
thirteen 18 published m Dr Bains sketch of lus life It 
shows that the Autobiography rather understates than 
overstates the amount of work done At the age of eight 
he began Latin, Euclid, and algebra, and was appointed 


echoolmaster to the younger children of the family—a 
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post, he hints, more serviceable to his intellect than to his 
manners His mam reading was still history, but he went 
through all the Latim and Greek authors commonly read 
in the schools and universities, besides several that are not 
commonly read by undergraduates He was not taught to 
compose either in Latin or in Greek, and he was never an 
exact scholar in the academic sense , 1t was for the subject. 
matter that he was required to read, and by the age of 
ten he could read Plato and Demosthenes with ease Hu 
father’s Hustory of India was published in 1818 , medi 
ately thereafter, about the age of twelve, John, under his 
energetic direction, began a thorough study of the scholastic 
logic, at the same time reading Aristotle’s logical treatises 
in the original. In the following year he was introduced 
to political economy And there, when the pupil was 
nearly fourteen, this remarkgble education termmated 
From that time he worked less immediately under his 
favher’s eye It was an imevitable incident of such an 
education that Mull should acquire many of his father’s 
speculative opimions, and his father’s way of defending 
them But his mind did not receive the impress passively 
and mechanically “One of the grand objects of educa 
tion,” according to the elder Mull, “should be to generate 
a constant and anxious concern about evidence’ , and he 
laboured with all the energy of his strong will agaist 
allowing his son to become a parrot of his own opinions 
and arguments ‘The duty of collecting and weighing 
evidence for himself was at every turn .mpressed upon the 
boy , he was taught to accept no opinion upon authority , 
he was soundly rated if he could not give a reason for his 
behefs John Stuart Mill was deliberately educated as an 
apostle, but 1t was as an apostle of reasoned truth m 
human affairs, not as an apostle of any system of dogmatic 
tenets It was purposely to prevent any falling off from 
this high moral standard till 1t should become part of his 
being that his father kept the boy so closely with himself 
Much pity has been expressed over the dreary cheerless 
existence that the child must have led, cut off from all 
boyish amusements and companionship, working day after 
day on his fathers treadmill , but. childhood and boyhood 
spent im the daily enlargement of knowledge, with the 
continual satisfaction of difficulties conquered, buoyed up 
by day-dreams of emulating the greatest of human 
benefactors, need not have been an unhappy childhood, 
and Mill expressly says that his was not unhappy It 
seems unhappy only when we compare it with the desires 
of childhood left more to itself, and when we decline to 
imagine its peculiar enjoyments and aspirations Mull 
complains that his father often required more than could 
reasonably be expected of him, but his tasks were not so 
severe as to prevent him from growing up a healthy, hardy, 
and high spirited boy, though he was not constitutionally 
robust, and his tastes and pursuits were so different from 
those of other boys of the same age 

Most of Mulls fifteenth year was spent mm France in the 
family of Sir Samuel Bentham Away from his father, 
he maimtained his laborious habits, the discipline held. 
Copious extracts from a diary kept by him at this time 
are given by Dr Bain, and show how methodically and 
incessantly he read and wrote, studied botany, tackled 
advanced mathematical problems, made notes on the scenery 
and the people and customs of the country On his return 
in 1821 he continued his old studies with the addition of 
some new ones One of the new studies was Roman law, 
which he read with John Austin, his father having half 
decided on the bar as the best profession open to him 
Another was psychology In 1823, when he had just 
completed his seventeenth year, the notion of the bar as a 
livelihood was abandoned, and he entered as a clerk in the 
examiner’s office of the India House, “with the under- 
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standing that he should be employed from the beginning 
in preparing drafts of despatches, and be thus tramed up 
as & successor to those who then filled the highest depart 
ments of the office ” 

Mills work at the India House, which was henceforth 
his livelihood, did not come before the public, and those 
who have scouted his political writings as the work of an 
abstract philosopher, entirely unacquainted with affairs, 
have ignored the nature of his duties From the first he 
was more than a clerk, and after a short apprenticeship he 
was promoted, in 1828, to the responsible position of 
assistant-examiner The duty of the socalled examiners 
was to examine the letters of the agents of the Company 
in India, and to draft instructions mn reply The character 
of the Companys government was almost entirely depend 
ent upon their abilities as statesmen For twenty years, 
from 1836 to 1856, Mill had charge of the Companys 
relations with the native states In the hundreds of 
despatches that he wrote in this capacity, much, no doubt, 
was done in accordance with established routine, but few 
statesmen of his generation had a wider experience of the 
responsible application of principles of government to 
actual emergencies That he said so little about this work 
in the Autohography was probably because his main con 
cern there was to expound the influences that affected his 
moral and mental development A man of different 
temperament might have found abundance of dramatic 
interest i watching the personal and political changes in 
so many distinct states But Mill makes no reminiscences 
of this kind, nor does he give any clue to the results of 
his own initiative 

To return to his extra official activity, which received an 
immense impulse about the time of his entermg the India 
House from what must strike a man of the world as a strange 
source The reading of Dumonts exposition of Bentham s 
doctrines in the Trade de Legislation was an epoch in 
Mills hfe It awoke in him an ambition as enthusiastic 
and impassioned as a young man» first love The 
language that he uses about 1t in his autobiography reveals 
a warmth of inner life that few people would suspect from 
the record of his dry studies When he laid down the last 
volume, he says, he had become 1 different bemg It 
gave umty to the detached and fragmentary component 
parts of his knowledge and beliefs “I now had opmions— 
a creed, a doctrine, a philosophy—in one among the best 
senses of the word, a religion, the inculcation and diffusion 
of which could be made the principal outward purpose of 
a life And I had a grand conception laid before me of 
changes to be effected in the condition of mankind through 
that doctrme” He had been carefully bred to contemplate 
work for human welfare as the ruling motive of hus life 
that motive had now received definite direction 

Many a youth has entered the world with ambition 
equally high, but few have felt as Mull felt the first shock 
of despair, and fewer still have rallied from tLat despair 
with such indomitable resolution The main secret of the 
great “crisis” of his youthful life is probably to be found 
in the lofty ardour of the aspirations then conceived and 
shaped For four years he worked with faith and hope in 
his mission, and these were years of incessant propagandist 
activity The enthusiast of seventeen, burning to reorganize 
human affairs so as to secure the greatest happiness of the 
greatest number, set siege to the public mind through 
several approaches. He constituted a few of lus youthful 
friends, imbued with the principles of his new creed, into 
a society which he called the “ Utiltanan ” Society, taking 
the word, as he tells us, from one of Galt’s novels Two 
newspapers were open to him—the Z?aveller, edited by a 
friend of Bentham’s, and the Chrontcle, edited by his 
father’s fmend Black One of his first efforts was a solid 
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argument for freedom of discussion, in @ series of letters 
to the Chronicle apropos of the prosecution of Richard 
Carhle But he watched all public incidents with a 
vigilant eye, and seized every passing opportunity of 
exposing departures from sound principle in parhament 
and courts of justice Another outlet was opened up for 
him in 1824 by the starting of the Westmenster Renew, 
and still another in the following year in the Parliamentary 
History and Renew This year also he found a congemal 
occupation in editing Benthams Ratwonale of Judral 
Ewdence Into this he threw himself with zeal And all 
the time, his mind full of public questions, he discussed 
and argued eagerly with the many men of promise and 
distinction who came to his fathers house He engaged 
1n set discussions at a reading society formed at Grote’s 
house 1n 1825, and in set debates at a Speculative Society 
formed in the same year 

“A very disquisitive youth,’ was Peacocks description 
of young Mill at this period, and this was probably how 
the enthusiast struck most of his outside acquaintances 
But the glow of a great ambition as well as the energy of 
& piercing intellect might have been felt in his ymitings 
His mission was none the less arduous that he proposed to 
convert the world by reason Only the fulness of unbroken 
hope could have supported his powers, 1f he had had a 
frame of iron, under the stram of such incessant labour 
All of a sudden, a misgiving which he compares to the 
Methodist s “first conviction of sim” made a nft in the 
wholeness of his faith in his mission “It was in the 
autumn of 1826 I was im a dull state of nerves, such 
as everybody 1s occasionally lable to, unsusceptible to 
enjoyment or pleasurable excitement, one of those moods 
when what 1s pleasure at other times becomes insipid or 
indifferent In this frame of mind it occurred to 
me to put the question directly to myself, ‘Suppose that 
all your objects in life were realized, that all the changes 
In institutions and opinions which you are now looking 
forward to could be completely effected at this very 
instant, would this be a great joy and happiness to you?’ 
And an irrepressible self consciousness distinctly answered, 
‘No! At this my heart sank within me, the whole 
foundation on which my life was constructed fell down 
All my happiness was to have been found in the continual 
pursuit of this end The end had ceased to charm, and 
how could there ever again be any interest in the means? 
I seemed to have nothing left to live for” 

The passage in his autobiography mm which Mil gives 
an account of this prostrating disenchantment and his 
gradual release from its benumbing spell 1s one of the most 
interesting chapters in personal history The first break in 
the gloom came, he tells us, from his reading in Marmontel s 
Memovres “the passage which relates his fathers death 
the distressed position of the family, and the sudden 
inspiration by which he, then a mere boy, felt and made 
them feel that he would be everything to them—would 
supply the place of all that they had lost” Mull was 
moved to tears by the narrative, and his burden grew 
lighter at the thought that all feeling was not dead within 
him, that he was not a mere intellectual mache This 
meident, and the delight that he now began to take in 
Wordsworth’s ‘‘ Poems founded on the Affections,” gives a 
clue to one of the secrets of Mull’s despondency It was 
an unsatisfied longing for personal affection, for love and 
fnendship, of which his hfe hitherto had been barren 
His father seems to have been reserved, undemonstrative 
even to the pitch of chilling sternness in his intercourse 
with his family , and among young Mills comrades con 
tempt of feeling was almost a watchword, because it 18 80 
often associated with mischievous prejudice and wrong 
conduct Himself absorbed im abstract questions and pro- 
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jects of general philanthropy, he had been careless of 
winning or keeping personal attachment But it was not 
tall despair first seized him, as he looked back at the 
poverty of the results of his work as an apostle, that Mull 
began to feel the void in his affections and the need of 
human sympathy We must remember how httle when 
bis ambition was formed he knew of the living world 
around him He knew im terms that political and social 
change must be slow, he could whisper patience to him 
self, and say to himself that his life must be happy because 
the attainment of his great object must occupy the whole 
of 1t but without experience he could not have been 
prepared for the actual slowness of the reformers work, or 
armed against its termbly oppressive influence Inevitably 
he underrated the stolidity and strength of the forces 
arrayed against him Four years seems a long time at that 
age In 1826 Mull could look back to four years of eager 
toll What were the results? He had become convinced 
that his comrades in the Utilitarian Society, who never 
numbered more than ten, had not the stuff im them for a 
world shaking propaganda the society itself was dissolved , 
the Parliamentary Renew was a failure, the Weetmensier 
did not pay its expenses , Benthams Judiral Lindence pro 
duced little effect on the reviewers His own reception ai 
the Speculative Debating Society, where he first measured 
his strength im public conflict was calculated to produce 
self-distrust He found himself looked upon with cunosity 
as a precocious phenomenon a “made man, an intellectual 
machine set to grind certain tunes The most clear and 
cogent reasoning failed to sway hisaudience Great things 
had been expected of this society as a means of bringing 
together for close discussion the leading young men then 
in public life or looking forwaid to it Its first session 
proved a fiasco The leaders that had been expected stayed 
away With these repulses to his hopes along the whole 
line of his activity, Mull must also have suffered from the 
nervous exhaustion that only the hope and heat of the 
fight had kept him from feeling before No wonder that 
he was disheartened, began to feel defects in his fathers 
training, to question and analyse his own faith, to yearn 
for the solace of personal affection, and to reconstitute his 
scheme of life 

That 10 spite of this rude shock the foundations laid by 
his early training remained stable appears from the facts 
that all through the period of his gloom he contimued 
working as before, and that he considered himself bound, 
once convinced that his old plan of life was insufficient, to 
build up a thoroughly reasoned new plan wherewith to 
give new heart and hope to his work The new system 
was much less different from the old than might be sup 
posed from what he says of the struggle that 1t cost him 
to reach 1t Regard for the public good was still his 
religion, the ruling motive that gave unity to his conduct 
But he now recognized that this was too vague and imsub- 
stantial an object to be sufficient of itself for the satisfac 
tion of a mans affections It 1s a proof of the dominating 
force of his fathers character that it cost the younger Mill 
such an effort to shake off his stern creed about poetry 
and personal emotion Like Plato, the elder Mill would 
have put poets under ban as ministers of prejudice and 
enemies of truth And he often insisted on the wisdom 
of restricting as much as possible the private affections, 
while expanding as much as possible the public affections 
Landor’s maxim of “few acquaintances, fewer fmends, no 
familianties” had his cordial aprroval These doctrines 
the younger Mull at first took up with boyish enthusiasm 
and pedantry, but 1t was against this part of his father’s 
creed that he now felt himself forced in reason to revolt 
He stood too much in awe of his father to make him the 
confidant of his difficulties He wrestled with them in 
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the gloomy solitude of his own mind. He was victorious, 
he reached firm ground at last , but the struggle left him 
in several respects changed He carried out of the struggle 
as the fruits of victory a more catholic view of the elements 
of human happiness, a delight in the poetry of nature and 
the affections as well as the poetry of heroic unselfish 
character and action, a disposition to study more sympa 
thetically the point of view of opponents, a more courteous 
style of polemic, a hatred of sectananism, an ambition 
no less noble and disinterested but moderated to practical 
possibilities 

In the course of the next few years Mill wrote compara 
tively little, but he “carried on,’ as he says, “a quantity 
of thinking respecting a host of subjects’ It was a period 
of search, deliberation, germination, and striking root 
Comeident 1f not causally connected with the reef from 
his spiritual crisis came his first consciousness of power 
as “an original and independent thinker’ In the dia 
lectic conversations with a small band of students at 
Grote’s house, he regained the self confidence that had been 
shaken im the larger and rougher arena of the Speculative 
Debating Society The beginning of his works on logic 
and political economy may be traced back to those discus 
sions, and he learnt from them, he tells us, the habit of 
“never accepting half solutions of difficulties as complete , 
never abandoning a puzzle, but again and again returning 
to 1f until 1t was cleared up, never allowing obscure 
corners of a subject to remain unexplored, because they did 
not appear umportant, never thinking that he perfectly 
understood any part of a subject until he understood the 
whole He learnt also an important moral lesson from 
the Speculative Society, besides learning the strong points 
of other political and social creeds and the weak points of 
Benthamism from defending it point by point against all 
comers With all his despondency, he did not abandon 
the meetings of the society after the fiasco of the first 
session He stood by it firmly, and in a short time had 
the triumph of seeing its debates famous enough to attract 
men with whom it was profitable for him to interchange 
opinions, among others Maurice and Sterling He ceased 
to attend the society in 1829, but he carried away from 
it the strengthening memory of failure overcome by per 
severing effort, and the important doctrinal conviction that 
a true system of political philosophy was “something much 
more complex and many sided than he had previously had 
any idea of, and that its office was to supply, not a set 
of model institutions, but principles from which the insti 
tutions suitable to any given circumstances might be 
deduced ’ 

The first sketch of Mull’s political philosophy appeared 
1n a series of contributions to the Hzamuner in the autumn 
of 1830 on ‘‘ Prospects in France” He was in Paris soon 
after the July Revolution, made the acquaintance of the 
leading spirits among the younger men, and 1n his discus 
sion of what they were doing and what they should do in 
making @ new constitution we find the germs of many 
thoughts afterwards more fully developed in his Represen- 
tate Government 

The division of a man’s life mto periods must always 
be a rough partition, but we may conveniently and with 
tolerable accuracy take these letters as marking the close 
of his period of meditative search, of radication, and his 
return to hopeful aspiring activity It was charactenstic 
of the nature of the man that he should be stirred to such 
delight by the Revolution in France, and should labour so 
earnestly to make hig countrymen understand with what 
gravity and sobriety 1t had been effected. Their own 
Reform Bull came soon after, and it 1s again characteristic 
of Mull—at once of his enthusiasm and of his steady deter- 
mination to do for humanity the work that nobody elra 
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seemed able or willing to do—that we nnd him im the heat 
of the struggle n 1831 wniting to the Exammer a series 
of letters on “The Spint of the Age” which drew from 
Carlyle the exclamation, “Here 1s a new mystic!” We 
can easily see now what 1t was in these remarkable essays 
that fascinated Carlyle , it was the pervading opinion that 
in every natural state of society power must be in the 
hands of the wisest This was the condition of stability, 
when power and wisdom ceased to coincide, there was a 
disturbance of the equilbrum till this comeidence was 
again effected But whether Carlyle was mght in the 
epithet “mystic” may be judged from the fact that Mills 
inductive logic was the direct result of his aspirations after 
political stability as determmed by the dominion of the 
wisest ‘‘ Why is it,’ heasked, “ that the multitude accept 
wmphicitly the decisions of the wisest, of the specially 
skilled, in physical science?” Because in physical science 
there is all but complete agreement in opimon “And why 
this agreement?’ Because all accept the same methods 
of investigation, the same tests of truth Is it possible 
then to obtain unanimity as to the methods of arriving at 
conclusions in social and political matters, so as to secure 
simular agreement of opinion among the specially skilled, 
and similar general respect for their authority? The 
same thought appears in a review of Herschels Watural 
Phalosophy, written about the same time Mull remarks 
that the uncertainty hanging over the very elements of 
moral and social philosophy proves that the means of 
arriving at the truth in those sciences are not yet properly 
understood ‘And whither, he adds, “can mankind so 
advantageously turn, in order to learn the proper means, 
and to form their minds to the proper habits, as to that 
branch of knowledge in which by universal acknowledg 
ment the greatest number of truths have been ascertamed, 
and the greatest possible degree of certainty arrived at? 

By 1831 Mills enthusiasm for humanity had been 
thoroughly reawakened, and had taken the definite shape 
of an aspiration to supply an unimpeachable method of 
search for conclusions in moral and social science From 
the platform on which Carlyle and Mull met in 1831 they 
travelled different roads,—the one to } reach the duty of 
obedience to the wisest, the other to search for a means by 
which wisdom might be acquired such 1s would command 
respect and win the assent of fre conviction No mystic 
ever worked with warmer zeal than Vill But his zeal 
encountered @ check which baffled him for several years, 
and which left its mark im various inconsistencies and 
mecoherences in his completed system Hc had been bred 
by his father in a great veneration for the syllogistic logic 
as an antidote against confused thinking He attributed 
to his early discipline in this logic an impatience of vague 
language which in all hkelihood was really fostered in him 
by his study of the Platonic dialogues and of Bentham, for 
he always had im himself more of Platos fertile ingenuity 
m canvassing the meaning of vague terms than the school 
man’s rigid consistency 1n the use of them _ Be this as it 
may, enthusiastic as he was for a new logic that might 
give certainty to moral and social conclusions, Vill was no 
less resolute that the new logic should stand im no 
antagonism to the old In his Westmunster review of 
Whately’s Loge in 1828 (invaluable to all students of the 
genesis of Mills logic) he appears, curiously enough, as an 
ardent and brilhant champion of the syllogistic logic againsv 
highflers such as the Scotch philosophers who talk of 
“‘superseding” it by “a supposed system of inductive 
logic” His inductive logic must “supplement and not 
supersede” It must be concatenated with the syllogistic 
logic, the two to be mcorporated in one system But for 
several years he searched in vain for the means of con 
catenation 
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Meantime, while recurring again and agai, as was his 
custom, to this cardinal difficulty, Mill worked indefatigably 
1n other directions where he saw his way clear, expatiating 
over & wide range of political, social, economical, and 
philosophical questions The working of the new order in 
France, and the personalities of the leading men, had a pro- 
found interest for him, he wrote on the subject in the 
Examiner He had ceased to write for the Westminster 
in 1828, but during the years 1832 and 1833 he con 
tributed many essays to Jars Magazne, the Jursst, and 
the Monthly Repostory In 1830 the London Renew was 
started, with Mill as editor , 1t was amalgamated with the 
Westminster n 1836, and Mill continued editor till 1840 
Much of what he wrote then was subsequently mcorporated 
in his systematic works , some of his essays were reprinted 
in his first two volumes of Dussertatrons and Discusnons 
(1859) The essays on Bentham and Coleridge constituted 
the first manifesto of the new spirit which Mill sought to 
breathe into English Radicalism But the reprinted papers 
give no just idea of the mmense range of Mills energy at 
this tme His position in the India Office, where alone 
he did work enough for most men, cut him off from 
entering parhament but he laboured hard though 
ineffectually to influence the legislature from without by 
combating the disposition to rest and be thankful In 
his Autobiography he admits that the attempt to form a 
Radical party in parliament at that time was chimerical 

It was in 1837, on reading Whewells Inductive Scrences 
and rereading Herschel, that Vill at last saw his way 
clear both to formulating the methods of scientific investi 
gation and joining on the new logic as a supplement to the 
old Epoch making a» his logic undoubtedly was from 
the multitude of new views opened up, from the addition 
of a new wing to the rambling old bwiding and frori the 
inspiring force with which every dusty chamber was 
searched into and illuminated, Vill did not escape all the 
innumerable pitfall. of language that beset the pioneei in 
such a subject It 1» evident from a study of his purposes 
and the books from which he started that his worst 
perpleuuties were due to his determination to exhibit 
scientific method as the complement of scholastic logic 
In his defence of the syllogism he confounds the syllogistic 
forms with deductive reasoning Every deductive reason 
ing may be thrown into the form of a syllogism, but not 
every syllogism i» deductive The reasoning in several of 
the syllogistic forms 1» not deductive at all in the sense 
of involving a movement from general to particular 
Although he knew Aristotle in the original, Mill did not 
recognize the tact that the syllogistic machinery was 
primarily constructed for the reasoning together of terms 
As regards the word induction, Will uses 1t in different 
connexions to cover three or four distinguishable meanings 
—induction viewed as the establishment of predications 
about a general term, induction viewed as inference from 
the known to the unknown, duction viewed as vertfica 
tion by experiment, ind induction viewed as the proof of 
propositions of causation The form of his system was 
really governed by the scholastic notion of induction as a 
means of establishing general propositions the inductive 
part of his system 1» mtroduced after the deductive under 
this character while the greater portion of the substance 
of what he treats of under the name of induction, and 
especially the so called experimental methods, have nothing 
whatever to do with the establishment of general propos 
tions, in the technical sense of general propositions 

But the permanent value and influence of Mill» inductive 
logic 18 not. to be measured by technical inaccuracies and 
inconsistencies, to which an academi mind may eaaily 
attach undue importance In the technical history of the 
science, Mills Logic may be viewed as an attempt to fuse 
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the practical tests of truth set forth in Herschel’s Discourse 
on Natural Philosophy with the theoretic views of mduc 
tion propounded mn Whatelys Zogee But in the history 
of thought the great 1mportance of the work 18 due not so 
much to 1ts endeavour to formulate the methods of science 
and lay bare the first principles on which they rest as to 
its systematic application of scientific method to what he 
called the moral sciences Mull has often been criticized 
as if he had pretended to teach men how to conduct their 
investigations and how to make discoveries in the physical 
sciences His work was rather to educe from the practice 
of men of science the principles on which they proceed in 
testing and proving their speculations concerning cause 
and effect in the physical world, and see whether the same 
principles could not be applicd in testing and proving 
specilations concerning cause and effect in the moral 
world What 1s the effect upon human character and 
human happiness of given social and 1 hy sical conditions— 
climate, institutions, customs, laws? How can conclusions 
upon such points be proved? These were the questions 
in which Mull was interested, and the striking novelty of 
his work was 1ts endeavour to show that propositions of 
cause and effect in human affairs must be proved, if they 
admit of proof at all, absolute or approximate, on the 
same principles with propositions of cause and effect in 
the material world 

The Zogve was published in 1843 In 1844 appeared 
his Esstys on Some Unsettled Questions im Polritwal 
Economy These essays were worked out and written 
many years before, and show Will in his first stage as a 
political economist Four out of the five essays are 
elaborate and powerful solutions of perplexing technical 
problems—the distmbution of the gains of international 
commerce, the influence of consumption on production, the 
definition of productive and unproductive labour, the pre 
cise relations between profits and wages Though Mull 
appears here purely as the disciple of Ricardo, striving 
after more precise statement, and reaching forward to 
further consequences, we can well understand in reading 
these essays, searching, luminous lar,e and bold in outline, 
firmly wrought in detail, how about the time when he first 
sketched them he began to be conscious of power as an 
original and independent thinker 

That omginality and independence became more con 
spicuous when he reached his second stage as a political 
economist, struggling forward towards the standpoint 
from which his systematic work was written It would 
seem that in his fits of despondency one of the thoughts 
that sat upon him hke a mghtmare and marred his dreams 
of human improvement was the apparently mexorable 
character of economic laws, condemning thousands of 
labourers to & cramped and miserable existence, and 
thousands more to semi starvation From this oppressive 
feeling he found relief in the thought set forth m the 
opening of the second book of his Polttical Economy —that, 
while the conditions of pr duction have the necessity of | 
physical laws, the distribution of what is produced among | 
the various classes of producers 1» a matter of human 
arrangement, dependent upon alterable customs and 
institutions There can be little doubt that this thought, - 
whether or not im the clear shape that it afterwards | 
assumed, was the geim of all that 1s most distinctive in | 
his system of political economy It was as far as possible 
from the rigidity of his method of exposition to fall mto 
the confusion of supposing that it was for political 
economy to discuss the equity of different modes of 
distribution, or the value of other objects of human 
endeavour conflicting with the production of wealth, but 
he put economic mquiries clearly in their proper place as 
leading to conclusions that were not always final and bind 
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ing on the practical statesman, but had to be taken with 
other considerations as governing rational human action. 
Besides thus putting political economy 1n its just correla 
tion with other parts of social science and conduct, Mill 
widened the scope of economic inquiries by discussing the 
economic consequences of various ideal social arrangements, 
and more especially different modes of distributing produce 
between landlord, capitalist, and labourer Mill certainly 
redeemed political economy from the reproach of bemg a. 
dry science Nobody with any interest in human improve 
ment can read his work with indifference And he did 
this without in any way disturbing the original conception 
of political economy as the science of cause and effect in 
the production of wealth One of his most eminent 
successors, the late Professor Cairnes, thus admirably 
summed up his work as a political economist —“ As he 
himself used to put it, Ricardo supplied the backbone of 
the science , but 1 1s not less certain that the limbs, the 
Joints, the muscular developments—all that renders 
political economy a complete and organized body of 
knowledge—have been the work of Mull 

While his great systematic works were 1n progress, 
Mull wrote very httle on events or books of the day He 
urned aside for a few months from his Politwal Economy 
during the winter of the Irish famme (1846-47) to 
advocate the creation of peasant-propnetorships as a 
remedy for distress and disorder mm Ireland He found 
time also to write elaborate articles on French lustory and 
Greek history in the Edinburgh Revew apropos of Michelet, 
Guizot, and Grote, besides some less elaborate essays 

The Politecal Economy was published in 1848 Mill 
could now feel that the main work he had proposed for 
himself was accomplished, but, though he wrote compara 
tively little for some years afterwards, he remaimed as 
much as ever on the alert for opportunities of useful 
influence, and pressed on with hardly diminished 
enthusiasm in his search for useful truth Among other 
things, he made a more thorough study of socialist writers, 
with the result that, though he was not converted to any 
of their schemes as being immediately practicable, he 
began to look upon some more equal distribution of the 
produce of labour as a practicability of the remote future, 
and to dwell upon the prospect of such changes in human 
character as might render a stable society possible without 
the institution of private property This he has called his 
third stage as a political economist, and he says that he 
was helped towards 1t by the lady, Mrs Taylor, who became 
his wife in 1851, and with whom he had lived m intimate 
fnendship for more than twenty years before It 1s 
generally supposed that he writes with a lovers extrava 
gance about this lady’s powers when he compares her with 
Shelley and Carlyle But a little reflexion will show that 
he wrote with his usual accuracy and sobriety when he 
described her influence on him He expressly says that 


‘he owed none of his technical doctrine to her, that she 


influenced only his ideals of life for the individual and for 
society and his language about her is really only a 
measure of the importance that he attached to such ideals 
above any systems of reasoned truth There is very httle 
propositional difference between Mall and his father, but 
it 18 obvious from what he says that his inner Life became 
very different after he threw off his father’s authority 
This new inner life was strengthened and enlarged by Mrs. 
Taylor We must remember also that Mull in his early 
years had been so strictly secluded from commonplace 
sentiment that what the general world would consider 
commonplace must have come to him with all the freshness 
of a special revelation 

During the seven years of his marned life Mull published 
less than un any other period of his career, but four of hus 
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most closely reasoned and characteristic works, the Liberty, 
the Vtthtarrantem, the Thoughts on Parlamenta y Reform, 
and the Sulyection of Women, besides his posthumously 
published essays on Wature and on the Utility of Relrmon, 
were thought out and partly written in collaboration with 
his wife In 1856 he became head of the examiners 
office in the India House, and for two years, till the 
dissolution of the Company in 1d50, hus official work, 
never a hight task kept him fully occupied It fell to 
him as head of the ofhce to write the defence of the 
Companys government of India when the transfer of its 
powers was proposed ill was evmestly opposed to the 
transfer, and thc documents in which he sul stantiated the 
proud boast for the Company that fcw governments even | 
unde: far more favourable cucum tanccs have xttemy ted | 
so much for the good of thenesul jucts or carrieu so many 
of their attempts to 2 bencficiil 15 ue and exyo ed the 
defucts of the proposed new covernment aie models of 
trenchant 1nd dignified leadinz His prediction that the 
Indian Sccretary s council would serve as a cieen and 
hot as a check was in the 0) mion of many amj 1} vurrficd 
a few yeirs azo 

On the dissolution of the Company, Vill was offercd a 
seat in the new council Lut declmed THis ictuement 
from offiual work ws followed almost immediately ty lu 
wifes death and from this eilimity he sought relict in 
active literary occupation Politics sociolo.y and psycho 
lozy divilud as before the cnergies ot his active mind 
One of his fust cates was to yullish witl 4 touchin. 
dedicition to his wife the treatise on Lilerty which they 
had wiou_ht out togcther pimcyle by yiumajl and 
sentence 1} sentence This pious duty dischu_cd he 
turncd to cuntent } dhities and yulli hed, im view ci the 
impending Reform Dill, a pamyhiet on jarhamentary 
reform The chict feiture in this wi 4m 1dc4 concen, 
which he and Mis Vill otten deli crated, the neces ity 
of j10v1din,t checks against uncducated democircey Hs 
fanciful suze tion of 2 y]m ity of vot , proj ortioned to 
the clector s de,ree of education was avowedly put forward 
only w an ideal he admittcd that n> authentic test of 
edu ation could for the present be foun! = {n anonymous 
Conservative caught at the schcme in anothe: pamphlet, 
ploposing Income 1s a test Soon atter, Vill supported 
in J) ty) 6, still with the same clyect Wi Hare scheme 
for the icpresentition of mmouitics In the autumn cf 
the sime year he turned te psychokesy, reviews Mr 
Bains works in the # din’ jh Rau 

Tn this way the indefatimble think wuked on thiow 
ing himself by tuins into the various lincs vlong which he 
svw prospects of fulfilmgs lis mis ton a an ap tle cf pro 
giess  Inhis Rae ntiter Ge cernm nt (1800) le systema 
tized opinions alicady put forward in many eral articles 
and essays His Utilitartanisme (jublished in J) tser in 
1561) was a closely reasoned systematic attempt to answer 
objections to his ethical theory and 1cm We misconceptions 
of it As the inventor of the tun Utiitainisia he was 
entitled to define its meammz and he was espurily 
anxious to make it clear that he cluded in utility the 
plrasures of the imagination and the gritificition of the 
higher emotions, and to show how jowerfully the zood of 
mankind as a motive appealed to the imagination His 
treatise on the Sulyectton of Women, in its ruling mtention 
a protest against the abuse of power, was Mills next work, 
though it was not published tall 1869 His Eramination 
of Hamulton’s Philosophy, published in 1865, had engaged 
a large share of his time for three years before When it 
first occurred to him that a criticism of the chef of our 
native intuitional psychologists would cause a wholtsome 
star and serve enlightenment, he thought only of an article 
such as he wrote about Austin’s Jurisprudence or Grotes 
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Plato But he soon found that the subject required a book, 
and a book appeared which certainly answered the purpose 
of rousing the sleepy realms of philosophy and theology 
While mainly occupied in those years with philosophical 
studies, Mill did not remit his interest in current politics 
He made his voice heard on the contest in America in 
1562, taking the side of the North—then very unpopular 
in London—and using all his strength to explain what has 
since been universally recogmzed as the issue really at 
stake in the strugwle, the abolition of slavery It was 
characteristic of the closenes with which he watched 
current events, and of his zeal in the cause of “ lucidity,’ 
that when the Reader, an organ of science and unpartisan 
opinion, fell mto difficulties in 1865 Mull joimed with some 
distinguished men of science and letters in an effort to heep 
it afloat He suj plied port of the money tor carrying 1t 
on, contributed several articles and assisted the editor, 
Vir frase Rae with his advice The effort was vain, 
thou.h such men 25 Herbert Spencer Hualey, Tyndall, 
Caune Mark }attison, F Harrison Sir Frederick Pollock, 
and Tockyer were amonz the contributors 
In 186) 2 rew channel was opened to his influence 
He was requested to stand for Westminster, and agreed 
on conditions strictly m accordance with his } riney les of 
jathameratuy ele tim He would not canvass, nor pry 
1 ents to canvass f r lium noi would he engage to attend 
t the kcal bu mes cf the ecnstituency He was with 
dith ulty yersuided esvcn to addies a mecting of the 
Ce tis The story of thi remarhalle election has been 
t lll} Ma James Beal one cf the mt active supporters 
f M1ls candidature In jarlament he adhered to his 
hifel ns j1ineiyyle of dom. only work that needed to be 
done ind that nolody else seemed equally alle or willing 
to do It may hose been 2 consciousnes or thi fact 
which y10 y ted a remark made Ly the Sj eaker that Valls 
prc cnce in parhament elevited the tone of debite The 
nyt ion made Ly him in yarhament is in some dan_er 
cf lem, fort en Leciuse he was not mstrumental in 
curving any creat mci wre that mi_ht serve as an abiding 
memoril But althou.n in one of his first >} eeches 
aaunst the suspension ot the Haleas Corpus Actin Ireland 
he was very unfivourally received, Vill thoroughly 
succeeded in whit is called = saming the ear of the House ’ 
The onl) sj) eech made Ly him during his three years in 
jarhament that was listened to with impatience was, 
curiously enough, his }eech im favour of counteracting 
democracy by providing tcr the representation of minorities 
His attach on the conduct of General Fyre in Jamaica 
was listened to, but with repuznance by the majority, 
althouzh his action in this matter im and out of parlhament 
Wis far from being incffcctuil He tork an active part in 
the debates on Vi Disrachs Reform bill and helped to 
extort from the Government sevcial uscful modifications 
of the Bill for the Prevention of Corrujt Practices The 
reform of land tenuie m Ireland, the representation of 
women, the reduction of the nat.onal debt, the reform of 
London zovernment, the vbrogation of the declaration of 
Pans were amon, the topics on which he spoke with 
marked effect He took occasion more than once to 
enforce what he hid often advocated im wnt Englands 
duty to mtervene in Continental politics in support of the 
|cause of freedom As a speaker Vill way somewhat 
heutatinz, prusig occasionally as if to recover the thread 
of his argument, but he showed great readiness in extum 
poraneous debate Viewed asa candidate for mimsteril 
ofhce, he mnght be regarded as a failure in parhament, but 
there can be no doubt that his career there greatly extended 
his influence 
Mill's subseription to the election expenses of Mr 


Bradlaugh, and his attatude towards Governor Eyre, are 
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generally regarded as the maim causes of his defeat in the 
general election of 1868 But, as he suggests himself, hus 
studied advocacy of unfamiliar projects of refurm had made 
him unpopular with moderate Liberals When he was 
first elected on a sudden impulse of enthusiasm, extremely 
little was known about him by the bulk of the electorate , 
and his writing about checks against democracy had pre 
pared many for a more conservative attitude on questions 
of practical politics He retired with a sense of relief to 
his cottage and his literary life at Avignon His parla 
mentary duties and the quantity of correspondence brought 
upon him by increased publicity had absorbed nearly the 
whole of his time The scanty leisure of his first recess 
had been devoted to writing his St Andrews 1ectonal 
address on higher education and to answering attacks on 
his criticism of Hamilton , of the second, to annotating, in 
conjunction with Mr Bain and Mr Findlater, his fathers 
Analysis of the Vind But now he could look forward to 
a literary life pure and simple, and his letters show how 
much he enjoyed the change His little cottage was filled 
with looks and newspapers, the beautiful country round 
it furnished him with a variety of walks, he read, wrote, 
discussed, waiked, botanized His step-daughter, Miss 
Taylor, bis constant companion after his wifes death, 
“architect and master mason all in one, cairied out 
various improvements in their quiet home for the philo 
sophers comfort | Helen, he wrote to Mr Thornton, 
“has carried out her long cherished scheme (about which 
she tells me she consulted you) of a ‘vibratory for me, 
and bas made a pleasant covercd walk, some 30 feet long, 
where I can vibrate in cold or iainy weather The 
terrace, you must know as it zoes round two sides of the 
house, has got itself dubbed the semi circumgyratory 
In addition to this Helen has lult me a herbarrum, a 
httle room fitted up with closets for my plants shelves 
for my botauicil books, and a great table whereon to 
manipulate them all Thus you see with my herbarium, 
my vibratory and my semi cucumgyratory I am im clover , 
and jou ma} imagine with what scoin 1 think of the 
House of Commons, which, comfortable club as it 1s 
sa d to be could offur ne none of these comfort or, more 
perfectly speaking these necessaries of life Vill was an 
enthusiastic bc tanist all Ins hfe long and a frequent con 
tnbuto: of notes and short paj crs to the Phytolcyrst One 
of the thin,s that he looked forward to during his last 
journey to Avi.non was secing the spring flowers and 
complcting a fh 1a of the locality Huis deli, ht m scenery 
frequently 4] ears in letters written to Ins friends during 
his summer aud autumn tours 

No recluse ever had a moi soothin, retieat than Mills 
Avignon cottage but to the last he did not relax his 
laborious habits nor his ardent outlock on human affairs 
The essays in the fourth volume of his Disser tatvons—on 
endowments on land, on labour, on metaphysical and 
psychological questions—were written for the Dortaghtly 
Ret w at intcrvals after his short parhamentary carecr 
One cf li tu t tasks was to send his treatise on the 
Subject v ¢ J) men through the press Lhe essay on 
Lhevsm Way wiitten soon after The last public work in 
which he cn,aged was the starting of the Land Tenure 
Reform Ass ciition The intercey tion by the state of the 
unearned increment, and the jromotion of co operative 
agriculture wee the most striking features im his pro 
gramme He wrote in the / mone and made a public 
speech in favour of the ass uation a few months before 
his death The secret ot the ardour with which he took 
up this question probably was his conviction that a great 
struggle was impending in kurope between labour and 
capital He regarded his project as a tamely compromise 

Mall died at Avignon on the 8th of May 1873 
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Within the Irmits of this article xt 1s umpoamble to attempt a 
eriticism of Mills conclusions im 80 many flelds of research, one 
must be content with trying to indicate the pu and the spint 
of his work Perhaps we stall stand too near to j without bias 
some yeats hence men wil be better able to say whether he made 
sciolism less reckless or brought mankind appreciably nearer that 
dominion of the wisest which w1s the remote goal of Ins endeavour 
It will be long before humanity finds a nobler example of the 
soaicher after the best means of social improvement He sought 
after clear idew with the aidou: of a mystic, the patience and 
laborious industry of a man of science he encountered opponents 
with a generosity and a courtesy worthy of any preux chevalier of 
medizval romance while he was not inferior to that ideal in the 
vigour of his blows against injustice As regards his infinence 1t 
has been well said that no calculus can integrate the innumerable 
pulses of knowledge and of thought that he has made to vibrate in 
the minds of his genetation 6 quichened thought upon every 
proLlemthat hetouchtd Any estimate of Mills service to political 
or philosoy hical thought at this moment 1s hable to be injun 
ously affected by the temporary discredit into which some of his doc 
trines have fallen He wasnot infallible he made no claim to dog 
matic authority Butin cmticism of detail according to om present 
hight we may easily blind ouscives to the greatness of the work 
that Mill accomplished in the development of opinion (W M ) 

MILLAU, or MivHan, capital of an arrondissement in 
the department of Aveyron, France, 1s situated on the left 
bank of the Tarn, half a mile below the pomt at which 
that rive: is jomed by the Dourbie, and 48 mules to the 
south east of Rodez, on the Rodez and Montpellier line 
Itself 1210 feet above the level of the sea, 1t 1s overlooked 
by hills covered with vineyards and fruit trees or by bare and 
scatped rocks The streets of Millau are narrow, and some 
of the houses of great antiquity, but the town 1s surrounded 
by spacious boulevards On two sides the Place d Armes 
1s adorned by stone columns supporting galleries of wood, 
the only buildings of special interest are the Romanesque 
church of Notre Dame, and the belfry of the old hotel de 
ville The principal dustry 1s the manufacture of gloves, 
but various branches of the leathe: manufacture are also 
carried on The chief articles of commerce are wool (both 
raw and prepared), Roquefort cheese, wine, almonds, and 
live stock The population in 1851 was 16,628 

The viscounts of Mallau are mentioned as eatly as the 10th 
century in the 16th 1t became one of the lealing strongholds of 
the Reforn ed party m the south of Fiance Its industry sutfered 
severely by tle revocation of the edict of Nantes 

MILLENNIUM In the history of Chmistianity three 
main forces are found to have acted as auauliaries of the 
gospel They have elicited the ardent enthusiasm of many 
whom the bare preaching of the gospel would never have 
made decided converts ‘These are (1) a belief in the 
speedy return of Christ and in His glorious reign on earth, 
(2) mystical contemplation which regards heavenly bless- 
ings as a possible possession in the present life and (3) 
faith in a divine predestination of some to salvation and 
others to perdition ach of these forces has at particular 
times proved too strong for church authority and burst the 
embankments with which the church had at once narrowed 
and protected Christian life and thou,ht ‘They have pro 
duced ecclesiastical, social, and political convulsions, where 
the elemental force of religious conviction has destroyed 
all organization, whether of church 01 of state They have 
released from its fetters the free spimt of Christiamty, 
though often enough they have associated with it a 
fanaticism more damaging to the gospel than the temporiz 
ing policy of the hierarchy 

First in point of time came the faith in the nearness of 
Christ s second advent and the establishing of His reign of 
glory on the earth Indeed it appears so early that it 
might be questioned whcthe: 1t ought not to be regarded 
as an essential part of the Chmstian rchgion That 
question, however, will scarcely be answered 1n the affirma- 
tive The ideas of the Sermon on the Mount, or the 
pregnant thoughts of the Pauline theology, are independent 

| of the expectation that the kingdom of glory will shortly 
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be established On the other hand, it must be admitted 
that this expectation was a promment feature in the earliest 
proclamation of the gospel, and matenally contributed to 
its success If the primitive churches had been under the 
necessity of framing a “Confession of Faith, it would 
certainly have embraced those pictures by means of which 
the near future was distinctly realized But then these 
pictures and dreams and hopes were just the things that 
made systematized doctrine impossible , it 13 possible to 
formulate the mythological ideas, but not the shifting 
imagery of the imagination 

In the anticipations of the future prevalent amongst the 
early Christians (c 50-150) it 1s necessary to distinguish 
a fixed and a fluctuating element The former includes 
(1) the notion that a last terrible battle with the enemies 
of God was impending (2) the faith in the speedy return 
of Christ (3) the conviction that Christ will judge all 
men, and (4) will set up a kingdom of glory on earth 
To the latter belong views of the Antichrist of the heathen 
world power, of the } lace, extent and duration of the 
earthly kingdom of Christ, dc These remained in a state 
of solution , they were modified from day to day, partly 
because of the changing circumstances of the present by 
which forecasts of the future were regulated, } artly because 
the mndications—real or supposed—of the ancient } rophets 
always admitted of new combinations and constructions 
But even here certain positions were azrced on 1n large 
sections of Christendom Amongst these was the expecta 
tion that the future kingdom of Christ on earth should 
have a nied duration,—according to the most prevalent 
opinion, a duration of one thousand years From this fact 
the whole ancient Christian eschatolozy was known in 
later times as ‘ chillasm, —a name which 1s not strictly 
accurate, since the doctrine of the millennium was only one 
feature in its scheme of the future 

1 This idea that the Messianic kinedom of the future 
on earth should have a definite duration has—hke the 
whole eschatology of the primitive church—its roots in the 
Jewish apocalyptic literature where 1t appears at a com 
paratively late period \t fist it wa» assumed that the 
Messianic kinzdom in Palestine would la t for ever (so the 
prophet. 7 Jerem xxiv 6 Ezhk wax 7) Joel iv 
20 Damelvi 27 Sibyll m 49s, 706 Psalt dalom 
xvu 4 knoch lxu 14), and this sem always to have 
been the most widely accepted view (John \n 34) But 
from a comparison of } rophctice | 1s a_e ot the Old Testa 
ment learned apocalyptic writers came t the conclusion 
that % distinction must be diawn between the earthly 
appearance of the Messiah and the 2) euance of God 
Himself amonzst His people and m the Gentile world for 
the final judgment Asa necessary const yurnce a hmited 
period had to be assigned to the Vessiame kingdom = It 
1s not altogether improbable that the mv teric 1» references 
to the sufferings of the Messiah hal iso an imfluence on 
some minds ‘Lhis, however, 1s doubtful It 15 curtain at 
all events that the whole conception muks the beginning 
of the dissolution of realistic and sensuous views of the 
future The age was too advanced to regard the earthly 
Messianic kingdom as the end Thete wis an effort to 
find a place among the hopes of the tuture for those more 
spiritual and universal anticipations, according to which 
eternal and heavenly blessedness will be the portion of the 
faithful, this earth and heaven will jas» away, and God 
will be all m all As to the pemod to be wsimed to this 
earthly kingdom, no agreement was ever reached in 
Judaism, any more than in the detailed descriptions of its 
oysand pleasures According to the Apocalypse of Baruch 
(xt 3) this kingdom will last “donec fimatur mundus 
corruptionis ’ In the Book of Enoch (xu 12) “a week 
is specified, in the Apocalypse of Ezra (vu 28 sq) four 
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hundred years This figure, correspondmg to the four 
hundred years of Egyptian bondage, occurs also in the 
Talmud (Sanhedrin 99a) But this 1s the only passage , 
the Talmud has no fixed doctrine on the pot The 
view most frequently expressed there (see Von Otto in 
Hugenfelds Zetschrift, 1877, p 527 sq) 18 that the 
Messianic kingdom will last for one thousand (some said 
two thousand) years ‘“' six days God created the 
world, on the seventh He rested But a day of God 15 
equal to a thousand years (Ps xc 4) Hence the world 
will last for six thousand years of toil and labour, then 
will come one thousand years of Sabbath rest for the people 
of God in the kingdom of the Messiah § This :dea must 
have already been very common in the first century before 
Christ The combinat.on of Gen 1, Dan 13, and Ps ac 
4 was peculiarly fascinating 

2 Jesus Himself speaks of only one return of the Son 
of Man—Hhs return to yudgment In speaking of it and 
of the glorious kingdom He 1s to introduce, He mahes use 
of apocalyptic umages (Matt vi 11, xxvi 29 Luke xin 
16 Matt mx 28), but nowhere m the discourses of 
Jesus 1s there a hint of a limited duration of the Messianic 
kingdom The apostolic epistles are equally free from 
any trace of chiliasm (neither 1 Cor xv 23 sq nor 1 Thess 
1v 16 sg points in this direction) In the Apocalypse of 
John however, 1t occurs in the following shape (chap x, ) 
After Christ has appeared from heaven in the guise of a 
warrior, and vanquished the antichristian world power 
the wisdom of the world, and the devil, those who have 
remained steadfast in the time of the last catastrophe and 
have given up their lives for their faith shall be raised up, 
and shall reign with Christ on this earth as a royal priest 
hood for one thousand years At the end of this time Satan 
1s to be let loose again for a short season , he will prey are 
anew onslaught but God will miraculously destroy him 
and his hosts Then will follow the general resurrection 
of the dead, the last yudgment and the creation ct new 
heavens and a new earth That ali hehevers will have a 
shue m the first resurrection and in the Messianic 
kingdom 1s an idea of which John knows nothing The 
earthly kingdom of Christ 1 1eserved for those who have 
endured the most ternble tribulation who have withstood 
the supreme effort of the world power,—that 1s, for those 
who are actually members of the church of the last days 
The Jewish eapectation 13 thus considerably curtailed in 
the hands of John a» it Is also shorn ot ito sensual 
attractions ‘ Blessed and holy 1s he that hith part m the 
fist resurrection , on such the second death hath no power 
but they shall be pnests of God and of Chnst and shall 
reizn with Him a thotsand years  Voore than this John 
does not sa} But other ancient Christian author» were 
not so cautious Acce; ting the Jewish apocaly; es ao 
sacred books of vencrable antiquity they read them ea crly, 
and transferred their contents bodily to Chmstianity “ay 
more, the Gentile Christians took possession of them 
and just im proportion a» they were neziected by the 
Jews—who afte: the war of Bar Cochba, became indiffer 
ent to the Wessianic hope and hardened themselves once 
more in devotion to the lan—they were naturalized m the 
Christian communities The result was that these | ooks 
became “Christian documents it entirely to Chr t an 
not to Jewish, tradition that we owe their preservation 
The Jewish expectations aie adopted, tor examph 135 
Papias, by the writer of the epitle of Birnaba. and ly 
Justin Papias actually confounds expressions of Jesus 
with verses from the ipocalyps. ot Baruch teterrinz to 
the amazing fertility of the days of the Wesviinic Aingdom 
(Papas in Iren v 33) Barnribas (4p, 15) —1es us the 
Jewish theory (from Gen 1 and Ps x 4) that the 
Present condition of the world 1: ¢> last 314 thousand years 
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from the creation, that at the beginning of the Sabbath 
(the seventh millennium) the Son of God appears, to put 
an end to the timeof the unjust one, to judge the ungodly 
and rencw thecaith But he does not indulge, like Papias, 
in sensuous dc cuptions of this seventh millenniun, to 
Barnabas it is 1 time of rest of sinlessness, and of a holy 
perce It 15 not the end howeva it 1s followed by an 
eighth day of eternal duration — the besinnmg of another 
yorld So that im the view of Barnabas the Messianic 
rein still Tclon.s to ovrcs 6 awv Justin (Deal, 6&0) 
speaks of chilasm 1s 9 necessary part of complete 
orthodoxy, althcu.h he knovs Christians who do not 
acccpt 1t He Icheves with the Jews, in 4 1estoration 
and extension of the atv cf Jeriwalem he assumes that 
this city will be the s itcf the VWessianie kh ngdom, and 
he takes 1648 a mitt: of cou eth ov there all belicvus 
(here he 15 at one with TJ unala ) alon, with 1 4Ht1 archs 
and prophets will cny 5 pcucct frhaty tor one thousand 
yeus In fact he icids thi view mto the Aj ocilyy se of 
John, which he unter tiids to mean that before the 
gencral resurrecticn all belicvers aie to rule for + time 
with Christ on cuth Tht a yhnlosophe: hke Justin 
with a bias tow uds an Tellenic construction of the Christin 
reli.ion should neverthele s hive accepted its chiliasti 
eluments 15 the strcnyest proof that these enthusiastic 
expectations were in ¢} wably Lound up with the Chistian 
faith down to the middle of the 2d century And anothcr 
p) of 1s found in the fret that cven 2 speculative Jewish 
Chistian hke Cermthus 10¢ only did nct renounce the 
cilistic hope, but 1 1ctwed the futwe kingdom of Chust 
as 1 kingdom of sen uilj}oa mes of eating and dunking 
ind muriiage festivities (Lusch Lf £2, 2s, vn 29) 

3 Aftu the middie of the 2d centmy these er 
ycctitions were gadually thrust mto the background 
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that 1s to say, Neo Platonic mysticism trumphed over 
the early Christian hope of the future, first among the 
“cultured, and then, when the theology of the “cultured ” 
had taken the faith of the “uncultured” under 1ts protec 
tion, amongst the latter also About the year 260 an 
Tgyptian bishop, Nepos, in a treatise called ¢\eyyos 


' dAAnyoprrav, endeavoured to overthrow the Origenistic 


theolosy and vindicate chiliasm by exegetical methods 
Several congregations took his part but ultimately 
Dionysius, bishop of Alexandria, succeeded in healing 
the schism and asserting the allezorical mterpretation of 
the prophets as the only lemtimate exegesis ~=During this 
controversy Dionysius became convinced that the victory 
of mystical theology over ‘ Jewish = chilasm would never 
be secure so long as the Apocalypse of John 3 1ssed for 
an apostohe writing and-kept its place among the 
homologoumena of the canon He accordingly raised the 
question of the apostclic o11zin of the Apocaly)se and hy 
reviving old diffculties, with ingenious arguments of his 
own, he curied his pemt At the time of Lusebius the 
Greek Church was saturated with picjudice against the 
book and with doubts is to 1ts canonicity In the course 
of the 4th centmy it was removed from the Greek 
canon, and thus the troublesome foundation on which 
chihasm might have continued to build was got md of 
The attempts of Mcthodius of Tyre at the beginning of 
the 4th century and Ayjollinazius of Laodicea about 
360 to defend chihasm and assil the theology of Origen 
had no result Yor many centuries the Greek Church kept 
the Johannine Apocalypse out of its canon, and consequently 
chiliasm remained in its grive It was considered a 
sufficient safeguard aainst the sj imtuahzng eschatology 
of Orizen and his school to have 1¢escued the main doctrines 
of the crecd and the regula ndew (the visible advent of 


‘Thcy would nevcr have died out, however had not’ Christ, eternal musery and hellfire for the wicked) 


encuinstinces alt red and 2 nev mental attitude been 
taken wy = The syyuit cf j hilosophical and theological 
s, eculation and «f cthial reflexion which be.an to spread 
throuzh the churches did not know what to make of the 
old hoje» of the future T’o a new generation they seemed 
paltry, carthly, and tintastic and far secmg men hid good 
rer on tor ,ard themas a snuce of political danger But 
moic than this these wild dreams about the glorious king 
dom of Clin t buzan tc disturb the orgamzaition which the 
churches lad scen fit to n 1 duce In the interests of 
celt presers iton agunst tle woild, the state and the 
herctics the Chi tiin ecmmunitics had formed themselves 
into com} act socictics with +1 defimte creed and constitu 
tion, and they felt that thur existence was threatened by 
the white heat cf rchiions suljcctivity So early as the 
year 170, a chuch } uty in A ia Minor the so called 
Alogi—icjected the whcle hedy of apocalyptic writings 
and denounced the Apoceiy; se cf John as a book of fables 
All the more powciful was the reaction In the so-called 
Montanistic contioversy ( 160 220) one of the principal 
issucs mvolyved was the continuance of the chilastic 
expectations in the churches The Montanists of Asia 
Minor dcfcnded them in their integrity, with one shght 
modification they mcunced that Pepuza, the city of 
Montanus would | the site of the New Jerusalem and 
the mullenmal kin.d m  fodifications of this kind, 
which have often a,};c¢ucd im later times m connexion 
with the revival of nullcuninanism, are a striking evidence 
of the tendency of every s ct to rejard its own little 
membership as the centre of the world and its fortunes as 
the kernel of universal Instory After the Montanistic 
controversy, chiliastic views were more and more 
discredited in the Greek Church, they were, in fact, 
stigmatized as “Jewish ’ and consequently “heretical ” 
It was the Alexandrian theology that superseded them , 


, Anything beyond this was held to be Jewish It was 
only the chronologists and historians of the church who, 
following Julius Africanus made use of apocalyptic 
numbers in their calculitions, while court theologians hke 
Eusebius entertained the imperial table with discussions as 
to whether the dining hall of the emperoi—the second 
David and Solomon the beloved of Gcod—might not be the 
New Jerusalem of Johns Apocalypse Eusebius was not 
the first who dabbled in such speculations Dionysius of 
Alexandria had already referred a Messianic prediction of 
the Old Testament to the emperor Gallienus But 
mysticism and political scrvihty between them gave the 
death blow to chihasm in the Greek Church It never 
again obtained a footing there , for, although, late in the 
Middle Ages, the Book of Revelation—by what means we 
einnot tell—did recover its authority, the church was by 
that time so hopelessly trammelled by a magical cultus as 
to be meapable of fresh developments In the Semitic 
churches of the East (the Syrian, Arabian, and Aithopian), 
and in that of Armenia, the apocalyptic literature was 
preserved much longer than in the Greek Church They 
were very conservative of ancient traditions in general, and 
hence chihasm survived amongst them to a later date than 
in Alexandra or Constantinople It 18 to these churches 
that we are mainly indebted for the extensive remains of 
the old apocalyptic literature which we now possess From 
remote cloisters of the East Europe has recovered within 
the last forty years many works of this kind which once 
enjoyed the highest repute throughout Christendom 

4 But the Western Church was also more conservative 
than the Greek Her theol-z ans had, to begin with, little 
turn for mystical .,eculation, their tendency was rather 
to reduce tho gospel to a system of morals Now for 
the morahsts chiliasm had a special sigmficance as the one 
distinguishing feature of the gospel, and the only thing 
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that gave a specifically Christian character to their system 
This, however, holds good of the Western theologians only 
after the middle of the 3d century The earlier fathers, 
Treneus, Hippolytus, Tertulhan, believed im chillasm 
simply because it was a part of the tradition of the church 
and because Marcion and the Gnostics would have nothing 
todowithit Irenzus (v 28, 29) has the same conception 
of the millennial kingdom as Barnabas and Papis, and 
appeal» in support of it to the testimony of disciples of the 
apostles Hippolytus, although an opponent of Vontanism, 
was nevertheless a thorough gomg mullenniian (see his 
book De Antichristo) Tertullian (7 exypeciilly Ade 
Marcon, 3) aimed at a more spuitual conccj tion of the 
millennial blessings than Papias had, but he still adhcred, 
especially in his Montanistic period, to all the ancicnt 
anticipations It is the same,all throush the 3d and 4th 
centuries with those Latin thcologians who cscaped the 
influence of Greek speculation Commodian, Victormmus 
Pettavensis, Lactantius, and Sulpicius Scvcrus were all 
pronounced mulennarans, holdinz by the verv details of 
the primitive Christian cxpectitions hey still believe 
a» John did, in the icturn of Nero as the Antichust = they 
still expect that atter the fust reswrection Claist will aon 
with His saints “in the flesh for athcusand ycars Once 
but only once (in the Gcspel of Nicodemus) the time 1s 
reduced to five hundied yeu Victormus wrote 1 
commentary on the Apocaly;se of John and all the ¢ 
theologians, especially Lactantius, wae dilient studcnt 
of the maent Sibylline ciacles of Jewish and Chiu tar 
orizin, and treated them a dive revelation — ‘As to the | 
canonicity and ajostolic authorship of the Johannme 

Apocalypse no doubts were ever entertaimed im the West 

indecd an Apocalypse of Pcter was still ictamcd im the 
canon in the 3d century That of aa im its Titm 
translation, must have becn ill but a canonical book,— 
the numbers of extant manusc11] ts of the so called £ Ezra 
benz incredibly crcat, while several of them are found 





m copics of the Latin bible at the beszimning of the loth | apo tele ] overty 


century 
far thiou_h the Middle Acs, ana has iso kept its place 
m some Bibles The apocalyptic ‘ Lestamenta duodcim 
Patuiaicharum was afavomute reidins booh and Latm 
versions of ancient apocalypss ue ten. continually 
broucht to haht trom Westan hbrans (7, the Asswmptes 
Mei, the dsenso Je ge de) All these tacts show 
how vizorously the culy licpes of the future mauntiuned | 
themsclycs in the West = In the hinds of meialistic tl co 
lozians, like Lactantius, they cutunly w ume a somewhat 
grotesque form, but the fact tha the © men cung to than 
15 the clearest evidence that mm the West millennqwanism 
was still a pomt of orthodory am the sth century 

This state of matters however cridudlhy dh ypeucd 
after the end of the 4th cuntwy = The chinee was Trou ht 
about by two causes,—fust Greck theol 2 which reached 
the West chiefly throuth Jaome Rufus id Amlicse 
and, «cond, the new idea of the chur h wioiht ont Ty 
Au,ustine on the basis of the altered politic situati 1 ct 
the church Jerome, the pupil of the Greeks tus lim 
bult already emanciprted from opimones Juducr he 
idictles the old anticipations uid thou h he docs nt 
venture to icject them, he and the otha disazyle ct the 
Gicchs did 4 gicat deal to rob them of then vitiity — \t 
the same time the mflucnce of Gicek theoloy wis }y no 
mins so great in the West that this of itself could hive 


suppresscd chihastic views It was reserved for \usustine | tor a peaceful Sabbath rest 


to give a dnection to Western theology which cuned it 
clear of millennarianism He limeelt hid at one time 
believed in 1t, he too had looked forward to the holy 
Sabbath which was to be celebrated by Christ and His 
people on carth But the signs of the times pointed to a 
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different prospect Without any miraculous interposition 
of God, not only was Christianity victorious on earth, but 
the church had attamed a position of supremacy The 
old Roman empire was tottering to its fall, the church 
stood fast, ready to step mto its mheritance It was not 
simply that the world power, the enemy of Christ, had 
been vanquishcd, the fact was that it had gradually 
abdicated 1ts political functions im favour of the church 

Under these circumstances \ugustine was led, in his con 

troveisy with the Donati-ts and as an apologist, to idealize 
the political side of the cathohe church,—to grasp and 
elaboiate the idea that the chuich 1s the kingdom of Chnst 
and the city of God Others before him may have taken 
thc same view, and he on the other hand ncvcr forgot that 
true blesscdness belongs to the future , but still he was the 
fast who venturcd to teach that the cathohe church, 1n its 
empirical form, was the kingdom of Christ, that the 
millennial kingdom had commcneed with the appearmg of 
Christ, and was therefore an accomplished fact By this 
doctimne of Lusustine », the old millunnai nism, thouzh not 
com) Ietely extirpated, was at lea t L anished from the realm 
of dosmnatic For the ofthe) thcvlory of the church 1t 
vuy soon lecruinc a thin, of tne] 1 t ce tam elements of 
it werc evcn brandcd 15 hactical It still ved on, how- 
ever, In the lowa stiati cf Chistian society, and in 
curtain undcicurients of trad t it was transmitted fiom 
At Vinions ] c1iods in the history of 
the Middle (es we ene unter sudden outbreaks of 
millennuianism, sometimes 1 the tenet cf a small sect, 
somctimes 2 9 farrcach nz incvamcit = And: since 1: had 
Teen suy pres cd, not, as in the Lit lyny til yccula 

tin its mintiest antagonist but by the 7 Jit | church 
of the biairchy we find thit wherever Cilia m a, pears 
m the Middle Ages it mikes common ciue with all 
encmics ot the seculanzed chmch It tre thened the 
hinds of church demourwy it t rmed an ilhance with 
the ywe souls who held up to th chmch the ideal f 
it umted it cit cr a time even with 


Lhe Apocalypse of Hamas wis much read till | my tiasm im 1ccmmon oj pos tion to the sujrcmacy of the 


echuich pv it kent the stun ith ct its convictions to the 
stp ort of states ud yrmcees im then cfloits to bicak the 
political yower of the chuich It s suthcicnt to recall the 
well known names of Jorhim of Flem  ot all the numerous 
Tianausem yj uitualists of the loading scctaries trom the 
13th to the loth century who 1 uled the papacy and 
the seculuism of the chuch above al, the name ot 
In these men the mllennunnisin ct the anuent 
chur h evme to hfe wan ind im the rev lute nary move 
ments of the 15th and loth cuntune —ey eal in tl 
Antbaptist movement—it ayrcus with allat old uncom 
prommeug ene.y It the chuch andnt tle ~tite wis 
resuded w Bibvion, and the y pe declucd to de th 
Antidhiist, these ware lesitim t ointarences tiem the 
mctent triditions and the wtuil yo itien of the church 
ut of course the new Chula m was net im cvery respect 
identical with the old It ¢ wld not he'd its mound 
without admitting cutun mn vitons ‘The crcrlasting 
wospel ? of Joachim ot PT] us wis 1 diftrent thins from 
the announcement of Chiists aacus rettin im the douds 
ot heaven the age cf the spmit) which mvstis and 
spirituilsts capected cantuned truts which must be 
chuutuved 1  medun ind the kinsdom ot the 
\nibypt sty m Munster wis a Satame caimcatwe of that 
kingdom in which the Chuistians of the 2d century looked 
Only we must not form om 
ideas of the merit apocaly) tie md chilastie movement of 
the first decades of the loth century trom the rabble in 
Munster There were pure Cvinachail tere y at work m 
it, and many Anabaptists necd not shun comparison with 
the Christians of the apostolic and post apostolic ages. 
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The German and Swiss Reformers also believed that the 
end of the world was near, but they had different aims in 
view from those of the Anabaptists It was not from 
poverty and apocalypticism that they hoped for a reforma- 
tion of the church In contrast to the fanatics, after a 
brief hesitation they threw mullennariamism overboard, 
and along with it all other “opimones Judaice” They 
took up the same ground in this respect which the 
Roman Catholic Chuch had occupied since the time of 
Augustine How mullennarianism neveitheless found its 
way, with the help of apocalyptic mysticism and Anabaptist 
influences, into the chuiches of the Reformation, chiefly 
among the Reformed sects, but afterwards also in the 
Lutheran Church, how it became incorporated with 
Pietism, how in icccnt times an exceedingly mild type of 
“academic chiliasm has becn developed from a belief in 
the verbal inspuation of the Bible, how finally new sects 
are still springing up here and there with apocalyptic and 
chihastic cxpectations,—thesc are matters which cannot be 
fully entered upon here But one remark ought to be 
made in conclusion A genume and hving revival of 
chihastic hopes 1s always a sign that the church at larze 
has become secularucd to such a degree that tender 
conscicnces can no longer feel sme of their faith within 
her In this sense all chiliastic phenomena in the history 
of the church demand respectful attention But when 
attempts are made to find 100m for millennamanism in a 
duzmatic system, 1t must always assume a form m which 
it would be utterly unrecognizable to the muillennarians 
of the ancient church, who, just because they were 
mullcnnarians, despised dogmati, in the sense of philo 
sophical theology The claims of chihasm are sufficiently 
met by the acknowledgment that m former times it was 
associated—to all appearance inseparably associated— 
with the gospel itself Those who try to remodel 1t, 
so as to conserve its “elements of truth, put contempt 
on it while they destroy it for 1t was m its day the 
most uncompromising enemy of all remodelling, and it 
can only exist along with the unsophisticated faith of the 
early Christians 

(7 Schurer, Lehrbuch der \cutestamentl. hen Zertgeschuhte 1874, 
§§ 28, 29 Conrodi, Arites he G sche hte des Chilasmus, 1751 A 
thorough history of chihasm hay not yet appeared (A HA) 

MILLER, Hueu (1602-1556), emment in science and 
hterature, and one of the most remarkable among self 
taught men of genius, was born at Cromarty, on the north 
east coast of Scotland, on the 10th ut October 1802 His 
father, a sagacious and strong willed seaman, who earned & 
hvehhood by sailing his own sloop, perished at sea when 
Hugh was five years old His mother looked much, in 
the upbringing of her son, to her two brothcrs, James and 
Alevander Wright, the one a saddler, the other a carpenter 
Scrupulous integrity, sincere religion, unflagging industry, 
and resolute contentment were the lessons which these 
men, not so much by precept as by example, impressed 
upon the boy But young Viller had inherited from his 
father a strong individuality and obstimate force of will, 
and began ata very carly age to take a line of his own 
The enchantment of open air and freedom—the irresistible 
charm of mothe: nature on the lull and by the sea—made 
him at thirteen an incorizible truant, and his schoolmaster 
thought it likely that hc would prove adunce Neverthe 
leas the truant schoolboy was already givins mdications of 
the destination of the mau At an age too early to date 
he had found in his pen a divining rod that led him to 
waters of mexhaustible delight His mother summed up, 
in the singular dialect of the district, the impression derived 
from her son’s boyhood and youth in the words, “he was 
aye vritan.” But the writing from the first, and increasingly 
as time went on, could be discriminated from the ordinary 
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productions of boyhood A contintucy of idea, an inde- 
finable grace and freshness, marked Ins 

They were never bombastic or verbore At no period of 
his hfe did he suffer from a flux of words But, boy and 
man, he had a felicitous knack of fitting words into their 
right places and avoiding jerkiness and mequality In 
verse he lacked the passionate intensity required for true 
rhythmic movement, but he had a fine sense of cadence 
and modulation in piose 

It 1s a curious fact that what determined Hugh Miller 
to apprentice himself to a stone mason was his delght 
in literary composition Unemployed during the winter 
frosts, the mason, he perceived, could enjoy for some 
months every year the ecstacy of writing One tesult of 
his decision was that he never learned any language but 
Enghsh Another was that ‘ifteen years of the quarry and 
the hewing shed, with stern experiences of over work and 
privation, sowed in his frame the seeds of incurable disease 
Meanwhile the advantages of his decision were indisputable 
Under the discipline of labour the refractory schoolboy 
became a thoughtful, sober minded man Mille: always 
looked back to his years of hand labour with a satisfaction 
that has something in 1t of solemnity and pathos “ Noble, 
upright, self relying toil,’ he exclaims , “who that knows 
thy solid worth and value would be ashamed of thy hard 
hands, and thy soiled vestments, and thy obscure tashs,— 
thy humble cottage, and hard couch, and homely fare!” 

It cannot be added that his fifteen years of close and 
constant intercourse with fellow workmen inspired him with 
much respect fo. then class He was most unfortunate 
in his comrades during the two seasons, 1824 and 1825, 
when he worked at Niddrie in the neighbourhood of 
Edinburgh Swish m thew enjoyments, meanly selfish 
m their class ambitions, and fatuously subject to talking 
charlatans, that Niddne squad of reprobates which he de- 
scribes in My Schools and Schoolmasters stamped on the 
mind of Hugh Miller an indelible conviction of the inca- 
pacity and degradation of the hand workers 

Returning to Cromarty, he worked in happy patience aa 
a stone-cutter year after year, sedulously prosecuting at 
the same time the grand object of his ambition, to write 
good English He found time to invigorate and enrich his 
mind by careful reading, and was habitually and keenly 
observant both of man and of nature His reading was 
not extensive but well chosen, and embraced Locke and 
Hume, Goldsmith and Addison were, more than any 
others, his mastersin style It wasto get time to write that 
he had become a stone mason , another of the surprises of 
his career 18 that 1t was in advertising himcelf as a mason 
that he came before the world as a literary man A stone- 
mason, figumng as a poetical contributor to the Znzerness 
Courrer, might, he thought, be asked by some of the 
readers to engrave insciiptions on tombs He therefore 
forwarded some of his verses to the editor These seem 
to have been consigned to the waste paper basket, which 
had been the fate of an “Ode on Greece” offered to the 
Scotsman when he was at Edinburgh Piqued by ns 
second failure, he now resolved, at all hazards, to see him- 
self in print In 1829 appeared the small volume contain- 
ing Poems Written on the Lewure Hours of a Journeyman 
Mason It procured its author the valuable friendship of 
Mr Robert Carruthers, and was favourably noticed by the 
press Maller looked at his poems in print, and concluded, 
at once and irreversibly, that he would not succeed as a 
poet It was a characteristic and very manly decision, 
proving that there wae no fretting vanity in his disposition. 
Doubtless also 1t was night His field was prose But, 
though his poems yielded nothing in the way of fortune, 
they were a begining of fame The simple natives of 
Cromarty began to think hima wonder Some very elo. 
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quent letters on the herring fishery extended his reputation 
Good judges in Edinburgh detected in his work the mnt 
mark of genius, and Miller's first prose volume, Scence and 
Legends of Cromarty, was publiahed therem 1835 In the 
uiterval he had become the accepted lover of Miss Lydia 
Fraser, a young lady of great personal attractions, rare in 
tellectual gifts, and glowing sympathy with all that was 
good and brave and bnght Her affection naturally 
steadied him in his resolution to emerge from the hand 
working class, the mallet and chisel gradually dropped 
from his grasp, and when his prose venture appeared he 
was being initiated, in Linhthgow, into the duties of a 
bank clerk On his return to Cromarty he found employ 
ment im the local branch of the Commercial Bank 
He was a married man, and his tent seemed stably fixed 
at Cromarty, when the agitatien that preceded the Disrup 
tion of 1843 made the air of Scotland vibrate Vhller 
loved his church, and deliberately esteemed her the most 
valuable institution possessed by the Scottish people 
Fervently as he had sympathized with those who procured 
political representation for Scotland by the Reform Bull, he 
still more fervently took part with those who claimed that 
Scottish congregations should have no pastors thrust upon 
them In the summer of 1839 he wrote his famous 
pamphlet letter to Lord Brougham, Dr Candhish read it 
with “nothing short of raptue , and the first days of 
1840 saw Muller installed in the editorial chair of the Witness 
newspaper, published twice a week in Edinburgh to advo 
cate the cause of non intrusion and spiritual independence 
He continued to edit the Wrtness till his death, which took 
place in the night between the 23d and 24th of December 
1856 Unremitting brain work had overtaxed a system 
permanently injured by the hardships of his early mason 
life, reason at length gave way, and Miller died by a pistol 
shot fired by his own hand A post mortem examination, 
attested by four medical men of the highest character, 
evinced the presence of “diseased appearances’ in the 
bram, and he left a few words mdicating the form taken 
by the insane delusion which had mastered him 
During the three years preceding the Disruption, cham 
pionship of the church by Miller did more, probably, than 
any other single agency to win for it the suffrage of the 
Scottish people Months before the day of separation, 
the name “Free Church was prospectively assigned to 
the party proposing to sever connexion with the state 
and, whether Hugh Muller suggested the name or did not, 
he wa» one of the chief architects of the institution Nor 
has the sequel shown that his labour was vam 
But long ere now an enthusiasm paiallel im intensity 
with that which he felt for his country and his church, 
and to which even his old literary enthusiasm had become 
subservient, had taken possession of him rom infancy 
he had been a keenly interested observer of all natural 
facts and objects, and during his career as apprentice and 
journeyman mason he had accumulated a vast store of the 
particular information belonging to the geologist But it 
was not until later that he eapiessly undertook the study 
of geology We still find him, when twenty scven, laying 
down charts of study and production without a word about 
science When, howevei, he had convinced himvelf that 
his road to the stars was not by poetry, and when the 
himuated success of his prose tales and htcz ry cssays in tho 
volume on Cromarty suggestcd a profound misgiving a 
to the adequacy of his purely literary materials to | roduce 
an unportant result, he bethought him ot lis hoad of 
scientific knowledye, and addressed hun~wit with the con 
centrated, energy of mature manhood to geological reading 
and geological researches. These, in fact, were not new 
to him, and he waa much unpressed by the mterest excited 
among scientific readers by a geological chapter in the 
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Scenes and Legends His chief master was Lyell, whom 
he reverenced henceforward as one of the greatest of living 
men The principal scene of his own investigations was 
the Cromarty distnet, where he ransacked every wrinkle 
of the hill side, and traced every stratum sawn through by 
the watercourse, and where, on the beach at ebb, n indurated 
clay of bluish tint and great tenacity, belonging to the 
Old Red Sandstone formation, he discovered and dug out 
nodules which, when laid open by a skilful blow of the 
hammer, displayed certain organisms that had never been 
seen byahuman eye He had entered upon coirespondenee 
with Murchison and Agassiz, and “fellows of the Geologieal 
Society and professors of colleges had been brought by his 
descriptions “to explore the rocks of Cromarty Along 
with the patriotic and religious enthusiasm, therefore, that 
burned within him when he went to champion his church 
in Edinburgh, there glowed, in the depth» of his heart, 
not mdeed a stronger but a more gentle and perhaps a 
dearer enthusiasm for that science in which, he felt per- 
suaded, he had something of his own to say, something to 
which the world of culture would be glad to listen So 
early as September 1840 there began to appear in the 
Watness a series of articles entitled “The Old Red Sand- 
stone They attracted immediate and eager attention , 
and the month was not at an end when, at the meeting of 
the British Association, Murchison brought them under 
the notice of the geological section, presided ove: by Lyell. 
Agassiz, already familar from Willeis correspondence 
with the organisms descnbed, contnbuted mformation 
respecting them, and yioposed that one of the most 
remarkable of the fossils should be called Pterwhthys 
Mullerr Buckland jomed warmly in the encommums of 
Murchison and Agassiz, vowing that “he would yive his 
left hand to possess such powers of description as this 
man’ The articles which met with s0 enthusiastic a 
reception from the most eminent geologists in Europe 
formed the nucleus of a book soon after published, and 
entitled The Old Red Sindstone It estabhshed Miller's 
reputation not only as an original geologist but as a 
practical thinker of gieat sagacity, and as a lucid and 
fascinating writer He had at last fairly found his hand, 
it 1s umpossible to turn from the S enes and Legends to the 
new volume without feeling that the spimt of the author 
has become more exultant, his touch at once stronger and 
more fiee 


During his scventecn vers of 1esiden ¢1n Edinburgh he published 
a viniety of books all of them more on less geological but claumng 
attention not on account of then ~eology one His First Impres 
sons of £ wland aid it Feople the fimt of ught weehs wandenng 
ali wnged 1n the leisu1e honrs ot 2 hard worked editor will be best 
appreciated when we contrast its mac and  entleness the classic 
modetation of its tone the quiet vivacity and freshness of ite 
observation the sense and sentnieut ini justi e of its critiism, 
with the smartuess of the ¢rdinaiy newspaper cortices} ondent or the 
vulgarity ani the unpudent ommiscience of the consentional book 
of travels Apart fiom its maste 1\ desuriptions jartly zeological 
prtly scenic and that y1ose pocm on the ulijuity of the ocean 
which, though brief, i com ate not unfavourably with select 
pages from Wilson o1 from Ruskin its two passages on W estmimater 
Abbey and Stratford on Avon would alone sufhce to prove that 
the Cromaity stone mason was a man of extraorlinary genius 
| Ot his antobiogiaphical volume, Wy Schools and Schoolmasters, no 
opinion but one has ever been expressed It 1anks among the 
finest masterpieces of 1t3 hind in the Enghsh languase 
As a gtologist his reputation 1s securely ba ed upon bis actuil 
discovery of important fosal organisms, one ot which beats Ins 
name, wd on his contnbutions, thorouzt ly service rbk: at the time 
they were mide, to om hnowlcd.t of the formation in which 
those organisms occur His cic to cve acquaintance with nature 1s 
attested on every page and if his enthusiasm does uot often mse 
into spay and surge of taptur, if 15 a deep ground swell per- 
ceptible im allhe wrote His powers of observation were sungulariy 
strong and accurate, and were a.compamed with the most careful 
reflexion and a fine nch glow of mmaginitive vision Has discern 
ment of the true position of the ventral plate of PterscAthys, when 
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the beat ichthyologists unanimously insistcd on its being dorsal, 
affords one of the nicest aipraaar ty to be found of an obser 
vational faculty which reasons as wells as sets 

He was alae in his principal geological boohs The Footsteps of 
the Creator ind The Testimony of the hocks, a polemicil defender of 
theism an lof rcvelition agunst some whom he regarded as their 
deadly wsnlants It would have bcen safe and pleasant for Maller 
to waive wl consideration of the religious question He would thus 
have es ycl the lnc ided sneer of the scientific expert He would 
have escap d also the cold suspicion of many on Jus own side, 
for the giv vt mass of mediocre religionists like nothing so well as the 
simple ignotin, of difeulties and hushing up of objections But 
he shrank instinctively from the moral cowatdice of reserve The 
advance of science has tcnded to compromise some of his controve1si 11 

sitions When he occuj 1cd the char of the Royal Physical Society 
of Idinburgh m 1852, he could Jookh the most eminent repic 
sentatives of contemporary geolozy im the face, and claim then 
assent to the ssiukaity of drawing defimte lines of demare ition 
between the Tertiary, Secondary wd Puozow strita He could 
apeak of the entire type of organic Lemyg 18 ultering betwen 
these periols ‘All cn the one side of the gap’ he could daie to 
affiiin, ‘belongs to one fashion and all on the otha to another 
an! wholly different fasion’ In the thuty intevenmg jcus 
evcry form of the citaclysmal scheme of geological piogicssion his 
been discredited It has become impossil le to obt un any thing like 
a consensus of opimion among suientific men as to the placing of 
those fronturlincs between period and 1 110d which, howevcr wide 
may be the margins of giilation assi,nel to ‘morning anl 
‘evening, ue in lispensable to the muntenrnce of Miller s theory 
of the six days vision of creation ** Geog ipliical provinces and 
zonts sass Piofcsson Huxley, ‘‘may have Leen as distinctly 
marhed im the Paleozoic epoch as at present a1 those scenun_ly 
sudden ipperances of new geneir and spe ics which we asciibe 
to new creation may be simple results of mization Such is now 
tle 1ece1ved oj inion of geologists and we may Le sme that Malla, 
who never shut his eyes to an establishud fact wonll have acc 1 ted 
1t He has said in 60 miny words that the Liblu dous not teach 
acience 

In the long and memorvble dchite on the o1gm of species he 
strenuously engaged, muntaning igunst the author of the Vestages 
the doctrine of specific cication But when he did so he could 
feel that Buchland Se lguik Mur bison ml yell were on his 
side noi 1s tt a y madox t) allege that he wis m ily of Dawin 
hunself Ifthe author of the Vestages Ws 1ight Duwi was wrong 
In point of fict the former wasvay neuly ught but, j 1ecisely 
because D uwin suy plies what is lic] mg in his a jument those who 
untilligentl) assent to the Orzgin of Sp ¢ sare bound not to assent 
to the Vestiges 

But it 15 chiefly perhays in ecnncxicn with the sweetness inl 
classi wl aummation of his style andl the lv ly vi ws bh gives ot 
natu cs fa ts that we cult toy11 9 Hu,h Vilicr In an wWe 
} disil of ,enius, y t aboundin, us 11 vtrwajimee glue ant 
temlast the self edu ated stcne i101 wrote with the almness 
nl mola ition of Addis » His } warful imation wis dis 
ely line 1 to Liaw just thos lines wml today on yust thy e ¢ louts 
whih shoull reummate the past {5 Jas fi nd Cunathers an 
idiminit] cutie of style observed oth f sslicmuns seem m 
his ,lowm, 74,6 to live aniflu sh t fly swim or camtol 
a1 t> sh ot uy im verctative profusion aml splenloir as in the 

mu liwn of creatin = Suh y wert Ienys to ligh mus 

ens of thousands he has m ited to the study of natu — tens of 
thousimls he bas tuht to fudin gol ~y no mere cat lo ue cf 
d functor,imisms nodiciy s rmonin fossil st uc but as lence 
of]imls ape as well 19 an intelligent un lerstan ing cf the roc] y 
fi uncwoik cf the world 


ypened The Itfe and Jett of Hish Wile by Etre Ba 

In) Millers works havecncuatedenthe! yer 

nielyreidin Ame ica They haveteeni iel tt ted Stites 
ftwenty volumes comprising tle Life ind Lette s qd 1) 


MILLI R, Wittraw (1781-1849), the founder of an 
Amun relious sect holding peculiar milenn nan views, 
Wits born it Pittsfield Vassachusetts,in 1761 He rccuved 
a very imperfect educvtion In the war of 1812 lic served 
as captain of volunteers on the C wadian fronthr While 
residing at Low Hampton \\, he began im 1533 publicly 
to lecture on the subject of the milluunmm, asserting that 
the second coming of Christ would tike place im about 
ten years His doctrints awakened wide intcrest among 
certain classes of thc community In 1840. semi monthly 
journal, The Signs of the Tumes, was started by one of his 
followers, and two yeais later the Advent Icrald made 1ts 
appearance About 1843 the second coming of Chnist was 
expected by as many as 50,000 believers in the doctrines of 
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Miller , and, although the disappointment of their hopes 
somewhat diminished their numbers, many continued their 
adherence to his tenets regarding the nature of the millen- 
nium At present the number of Mullerites or Adventists 1s 
estimated at from 15,000 to 20,000 Miller died at New 
Hampton, Washington county, N Y , December 20, 1849 

MILLER, Wiiiiam (1796-1882), one of the greatest 
of modern line engravers, was born in Edinburgh on the 
28th of May 1796 After studying in London under 
George Cook, a pupil of Basire’s, he returned to his 
native city, where he contmued to practise his art during 
a long lifetime He executed plates after Thomson of 
Duddingston, Macculloch, D O Hull, Sir George Harvey, 
and other Scottish landscapists, but his most admurable 
and most volummous works were his transcripts from 
Turne: The first of these was the Clovelly (1824), of The 
Southern Coast, a publication undertaken by his master 
and his brother Wilham B Cook, to which Miller also con- 
tributed the Combe Martin and the Portsmouth He 
was engaged on the illustiations of Englund and Wales, 
1827-35 , of The Rivers of France, 1833-85, of Roger’s 
Poems, 1534, and very largely on those of The Prose and 
Poetical Works of Sir Walter Scott, 1834 In The Pro 
aneral Antig“uitres and Puturesque Scenery of Scotland, 
1826, he executed a few excellent plates after Thomson 
and Turner Among hiv laiger engiavings of Turner’s 
works may be mentioned The Grand Canal, Venice , The 
Rhine, Osterprey, and Feltzen , The Bell Rock, The Tower 
of London and The Shepherd Theart of William Miller 
was warmly appreciated by Turner himself, and Mr Ruskin 
has pronounced him to be on the whole the most successful 
translator into line of the paimtings of the greatest Enghsh 
landscapist His renderings of complex Turnerian shy- 
effects ire especially delicate and masterly Towards the 
end of his life Miller abandoned engraving and occupied his 
leisure in the production of water colours, many of which 
were exhibited in the Royal Scottish Academy, of which 
he wis an honorary member He resumed his burin, 
however, to produce two final se1es of vigncttes from 
drawings by Birket Toste: ilustrative of Hoods Poems, 
published by Moxon m 1871 Miller was a much 
respected member of the Society of Friends He died 
while on a visit to Shefheld, on the 20th of January 
1882 

MILLER S THUMB (Cottus gobto), a well known httle 
fish, abundant im all rivers and lakes of northern and 
central Europe with clear water and gravelly bottom 
The genus ( ottus, to which the Milles s Thumb belongs, 1s 
easily recognized by its broad, flat head, rounded and 
scaleless Lody, large pectoial and narrow ventral fins, with 
two dorsal fins, the anterior shoiter than the posterion , 
the preoperculum 1s armed with a simple or branched 
spe = The species of the genus Cofttus arc rather numerous, 
and are confined to the north temperate zone of the globe, 
the majority being maime, and known by the name of “Bull 
heads” The Millers Thumb 1s confined to fresh water 
and only one othcr freshwater specics 1s found in Curope, 
C pecilopus, from rivcis of Hungary, Galicia, and the 
Pyrenees , some others occur in the fresh waters of northern 
Asia and North America The Ville: s Thumb 1s common 
in all suitable localities i Great Britam, but 1s extremely 
rare in Ircland, in the Alps it rcaches to an altitude 
excecding 7000 feet Its usual Icngth 1s from 3 to 5 
inches Genetally hidden under a stone or in a hollow of 
the bank, it watches for its prey, which consists of small 
aquatic animals, and darts when disturbed with extra- 
ordinary rapidity to some other place of refuge. The 
female deposits her ova in a cavity under a stone, whilst 
the male watches and defends them until the young are 
hatched and able to shift for themselves 
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MILLET (French, audio; Ttahan, sngisetto, diminutive 
of wmgho=Latn sulle, a thousand, in allusion to ita 
fertility) is a name apphed with little definiteness to a con 
milerable number of often very variable species of céreals 
belonging to distinct genera and even subfamiles of 
Gramence The true millet, however, 1s generally admitted 
to be Panwum (Setarva) melraceum, L (German Horse, 
with which P mare, Lam, 1s reckoned by some 
botanists) It 1s mndigenous to the East Indies and North 
Australia, but 1s mentioned by Hippocrates and Theo- 
phrastus as already cultivated m South Europe im their 
fime Some suppose it to be one of the earliest grains used 
in bread-making, and ascribe the origin of 1ts name to pants, 
bread, rather than to the paniculate inflorescence It 1s 
annual, requires rich but friable soil, grows to about 3 or 4 
feet high, and 1s characterized by its bristly, much branched 
nodding panicles One variety has black grains It is 
largely cultivated m India, southern Europe, and northern 
Afnea, and mpens as far north as southern y, mn 
fact, wherever the climate admits of the production of wine 
The gram, which 1s very nutritious, 
ws used in the form of groats, and 
makes excellent bread when mixed 
with wheaten flour It 1s also largely 
used for feedimg poultry and cage 
birds, for which purpose mainly it 18 
unported P talcum, L (Seara Ge 
dala, Beauv ), 1s of similar ongin ee 
and distribution, and 1s one of the Aaa 
most wholesome and palatable Indian aie 
cereals It1s annual, grows 4 to 5 J 
feet high, and requires dry light sol aaa 
German Millet (P germancum, Ger Jie 
man Kolbenhtrse, Mohar) is probably Gi 
merely a less valuable and dwarf 
variety of P alicum, having an 
erect, compact, and shorter spike 
The grains of both are very small 
only one half as long as those of 
common mullet, but are exceedingly 
prolific Many stalks arse from a 
single root and a single spike often 
yields 2 oz of grain, the total yield 
being five times that of wheat They 
are imported for poultry feeding like 
the former species, but are extensively 
used in soups, &c , on the Continent 
Numerous other species belonging to 
this vast genus—the largest among grasses, of which the 
following are among the most important—are also culti 
vated in tropical or sub-tropical countries for their grain or 
as fodder grasses, or both, each variety of soil, from swamp 
to desert, having its characteristic forms They are very 
readily acclimatized wherever the temperature 18 sufficient, 
eg,1n Australia, and seem destined to nse in agricultural 
mmportance 

Polish Millet is P dugtarsa P frumentaceum Roxb Shamalo 
a Deccan grass, 1s probably a native of tropical Afmca while the 
perennial P sarmentosum Roxb , also hasty cultivated in tropical 
countries, 18 from Sumatra P decomponium is the Australian 
mullet, its grains beg made into cakes by the aborigines P 
sucocnum acd 18 the Guinea Grass 1t 18 perennial grows 8 feet 

and yields abundance of highly nutritious grain ee 
tle Nees , 13 the Coapim of Angola but has been acclimatized in 
Branml and other on countries Other gigantic species 6 or 7 
cro 
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feet high form A fe ps on the banks . the ee. of pe 168 
belonging to nera, Pennrseclum thyphowdeum Ric ens 
eallaria sncata, Willd ), Bare, sometimes also called han 


Millet, a Guinea corn 18 largely cultivated in tropical ‘ma Nubia 
and P Se ree aes of the Sahara = aga 
Bleunne, and Milwem are also cultivated as milleta. 


But the most umportant dry grain of the tropical countries 
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of Africa and Ama, of India, 1s Sorghum vulgare, 
Pers. (Holcus Sorg L, y hekens Sorghum, Roxb), 
Durra, Great Millet, Indian Millet, Turkish Millet, or 
Guinea Corn (the French es 
sorgho, German Mohren- ee a 
Iaree or Kaffernkorn, Ta- - 


mil Cholum, Bengalese 
Jowars) It ranges prob- ue 
ably as extensively as spdlen on 
wheat, being also largely “@ 
cultivated m southen “& 
Europe, the United go 
States, and the West ay. 
Indies, In Asia Minor, 8% 
Arabia, Italy, and Spain } 
it may be said to replace Baep Awe woes, 
oats and barley It 1s ee ae 
annual, and may reach “oF 2 
12 feet mm height, it 18 
extremely prolific, even 
rivalling maize, of which 
118 a nearcongener Its 
flour 1s very white, but 
does not easily make good 
bread , 1t 1s largely used | 
m cakes and puddings 

and for feeding cattle and 
poultry The panicles are 
used for brooms, and the 
roots for velvet-brushes. Fig 2 —Sorghum vulgare 

S bscolor, S ngrum, S rubrum, S Kafrorum (Kaffre 
Corn), S saccharatum, and other species or varieties are 
also of economic importance the last-named (the ‘“ Chinese 
sugar-cane ) being much cultivated in the United States as 
a source of molasses, the juice, which contams much glucose 
but comparatively httle cane sugar, beng simply expressed 
and concentrated by evaporation JS vulgare is the grain 
referred to by Pliny as mullet 


For systematic and economic purposes see Grasses, Luerssen, 
Med Pharnw Botanik Leipsic 1880 Us Plants of 
Indva London 1878 F v Muller Select Plants for Naturalsa- 
tron an Vectorra Melbourne 1876 For archsology, see Hehn a 
Kulturpflanzen, & Berlin 1877 On Sorghum cerunum (“nice 
corn &c of western Kansas) see Drammonds ‘ Report in Parl 
Papers No 2570 (1880) 

MILLET, Jean Francois (1814-1875), was a pamter 
of French peasant hfe, and it may be questioned whether 
France has produced im our day any greater or more 
original artast He himself came of a peasant family, and 
was born on the 4th of October 1814 in the hamlet of 
Gruchy, near Gréville (La Manche), in the wild and 
picturesque district called La Hague His boyhood was 
passed working in his fathers fields, but the ght of the 
engravings in an old illustrated Bible set him drawing, and 
thenceforth, whilst the others slept, the daily hour of rest 
was spent by Millet in trying to render the familar scemes 
aroundhim From the village priest the lad learnt to read 
the Bible and Virgil in Latin, and acquired an interest m 
one or two other works of a high class which accompanied 
him through hfe, he did not, however, attract attention 
so much by his acquirements as by the stamp of his mind 
The whole family seems, indeed, to have worn a character 
of austerity and dignity, and when Millet’s father finally 
decided to test the vocation of his son as an artist, 16 was 
with a gravity and authority which recalls the patnarchal 
households of Calvimst France. Two drawings were pre- 
pared and, placed before a pamter at Cherbourg named 
Mouchel, who at once the boys gifts, and 
accepted him as a pupil, but shortly after (1835) Millet’s 
father died, and the eldest son, with heroxc devotion, took 
ius place at home, nor a Na a 
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pressing calls from without were solemnly enforced by the 
wishes of his own family He went back to 
Cherbourg, but after a short time spent there with another 
master (Langlois) started with many misgivings for Pans 
The council general of the department had granted him a 
eum of 600 franca, and the town council promised an 
annual pension of 400, but im spite of friendly help and 
introductions Mullet went through great difficultses The 
system of the Ecole des Beaux Arts was hateful to him, 
and it was not until after much heattation that he decided 
to enter an official studio—that of Delaroche The master 
was certainly puzzled by his pupil, he saw his ability, 
and, when Millet in his poverty could not longer pay the 
monthly fees, arranged for his free admission to the studio, 
but he tried in vain to make him take the approved direc 
tion, and lessons ended with “Eh, bien, allez & votre guise, 
vous étes sl nouveau pour mol que je ne veux men vous 
dire.” At last, when the competition for the Grand Pnx 
came on, Delaroche gave Mullet to understand that he 
intended to secure the nomination of another, and there 
upon Millet withdrew himself, and with his friend Marolle 
started mn a little studio in the Rue de 1Est He had 
renounced the beaten track, but he continued to study 
hard whilst he sought to procure bread by painting por 
traits at 10 or 15 francs a piece and producing small 
“pastiches” of Watteau and Boucher 
classed as those of his “flowery manner,” and Millet has 
been reproached—he whose whole life was an act of con 
viction—-with having sacrificed his convictions to 
favour with the public It 1s true that he himself has 
recorded his aversion to both these masters “In the 
Louvre,” he said, “I received vivid impressions from 
Mantegna, complete from Michelangelo , after Michelangelo 
and Poussin I have remained faithful to the early masters ” 
Boucher was for him an object of “repulsion,” and mn 
Wattean “TI saw,” he said, “a little theatrical world which 
oppressed me” ‘Thus 1t was then that Mullet naturally 
fal, and saw, but the strongest genius knows moments of 
oubt Later in life Millet was heard to say that 
were it not for the small group who believed in him he 
should have lost faith in himself In earlier years, before 
he was certain of his own leading, he was naturally influ 
enced by the advice of others whose anguments were enforced 
by the pressure of dire poverty Even so from time to 
time the native vein showed strong In 1840, as soon as 
he had despatched a portrait to the Salon, Millet went back 
to Gréville, where he painted Sailors Mending a Sail and a 
few other pictures—reminiscences of Cherbourg hfe His 
first success was obtained mn 1844 when his Milkwonpan 
and Lesson in Riding (pastel) attracted notice at the Salon, 
and fmendly artists presented themselves at his | 
only to learn that his wife had just died, and that he him 
self had disappeared Millet was at Cherbourg, there he 
remarried, but having amassed a few hundred francs he 
went back to Paris and presented his St Jerome at the 
Balon of 1845 This picture was rejected and exists no 
longer, for Mullet, short of canvas, painted over 1t CEdipus 
Unbound, e work which during the following year was the 
sbject of violent criticism He was, however, no longer 
alone, Diaz, Eugéne Tourneux, Rousseau, and other men 
of note supported him by their confidence and friendship, 
and he had by his side the brave Catharine Lemaire, his 
second wife, a woman who bore poverty with dignity and 
gave courage to her husband through the cruel trials in 
‘which he penetrated by a ternble personal experience the 
bitter secreta of the very poor To this date bel 
Millet’s Golden Age, Bird Nesters, Young Girl and Lamb, 
sad Bathers, but ip the Bathers (Louvre) succeeded The 
Mother Alms, Tis Workman’s Monday, and The 
Wianower This last werk, exhibited in 1848, obtamad 


These works are Ange 
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conspennts 
for xt, and accompanied the 
the money for which enabled Millet to leave 
Barhizon, a village on the alurts of the forest of Fontame- 
bleau. There he settled m a thres-roomed cottage for the 
rest of his hfe—twenty-seven years, in which he wrought 
out the perfect story of that peasant life of which hé alone 

given a “complete umpression” Jules Breton has 


notice at the Salon of 1850 than Mullet’s Sowers and 
Binders, have treated similar subjects as a veluclé for 
protest against social misery, Mullet alone, a peasant and 
a miserable one himself, saw true, neither softening nor 
exaggerating what he saw cin a curious letter written to 
M Senser at this date (1850) Millet expressed his resolve 
to break once and for all with mythological and undraped. 
subjects, and the names of the principal works painted 
subsequently will show how stedfastly this resolution was 
kept In 1852 he produced Girls Sewing, Man Spreading 
Manure, 1853, The Reapers, 1854, Church at Gréville 
(Luxembourg), 1855—the year of the International 
Exhibition, at which he received a medal of second class— 
Peasant Grafting a Tree, 1857, The Gleaners, 1859, The 
lus (Louvre, engraved Waltner), The Woodcutter and 
Death , 1860, Sheep Shearing, 1861, Woman Shearing 
Sheep, Woman Feeding Child, 1862, Potato Planters, 
Winter and the Crows, 1863, Man with Hoe, Woman 
Carding, 1864, Shepherds and Flock, Peasants Bringing 
Home a Calf Born in the Fields , 1869, Knitting Leason , 
1870, Buttermakmg, 1871, November—recollection of 
Gruchy Any one of tigese works will show how great an 
influence Millets previows practice in the nude had upon 
his style The dresses worn by his figures are not clothes, 
but drapery through which the forms and movements of the 
body are 8 felt, and their contour shows a grand 
breadth of liné"which strikes the eye at once Something 
of the imposing unity of his work was also, no doubt, due 
to an extraordmary power of memory, which enabled 
Millet to paint (like Horace Vernet) without a model, he 
could recall with precision the smallest details of attitudes 
or gestures which he proposed to represent Thus he could 
count on presenting free from after thoughts the vivid 
impressions which he had first received, and Millet’s nature 
was such that the impressions which he received were 
always of & serious and often of a noble order, to which 
the character of his execution responded so perfectly that 
even a Washerwoman at her Tub will show the grand 
action of a Medea The drawing of this subject 1s repro- 
duced in Souveners de Barbizon, a pamphlet im which M, 
Piédagnel has recorded a visit paid to Millet in 1864, 
His circumstances were then less evil, after struggles as 
severe as those endured in Pans A contract by which 
he bound himself m 1860 to give up all as work for 
three years had placed him mm possession of 1000 francs 
a month His fame extended, and at the exhibition of 
1867 he received a medal of the first class, and the 
ribbon of the Legion of Honour, vut he was at the same 
moment deeply shaken by the death of his faithful fnend 
Rousseau. Though he rallied for a time he never com- 
pletely recovered his health, and on the 20th January 
1875 he died He was buried by his friend’s mde in the 
churchyard of Chailly. 

See A, Senster, Vee ct BuvredeJ F Millet, 1874, ae i 
Souvenirs de Bartnzop, &e (i F 8. P,) 

MILLVILLE, a city of the United States, in Cumberland 
county, New Jersey, at the head of na of Maurite 
river, 40 miles by rail from Philadelphia a 
Millville, and Vineland sectson of the Weat Jersey 
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ft ls one of the chief sents of glass-making in the State, 
wid also manofectures cotton, iron pipes for water and gas, 
tiphines, &c, The population was 7660 in 1880. 
MILMAN, Henny Hant (1791-1868), dean of St 
Fouls, waa born February 10, 1791, and was the third 
von of Sir Francis Milman, physician to George 1. He 
wes educated at Eton and at Brasenose College, Oxford ; 
his university career was brilliant, and among other dis- 
tinctions he gained the Newdigate prize with a poem on 
the Apollo Belvedere. In 1816 he was ordained, and was 
soon afterwards presented to the living of St Marys, 
. He had already made his appearance as a 
dramatic writer, his tragedy of Fazto, founded on a narra- 
tive in the Anaual Regrster for 1795, having been brought 
on the stage without his knowledge under the title of The 
Jtalian Wefe. It was subsaquently produced at Covent 
Garden, and obtained great success from the acting of 
Miss O’Neill as Bianca. The merit of the play consists 
chiefly in the powerful situation ; the dietion 1s florid and 
ornate. The same criticism, by the author’s own confes- 
sion, applies to his epic, Samor, the Lord of the Bright 
Cuty (Gloucester), a poem written in early youth. The 
subject is taken from British legend, and Milman has failed 
to invest it with serious interest. Ho was more successful 
in his next attempts, where the subjects were well adapted 
to an imagination easily kindled by the historical or the 
moral picturesque. The death struggle of an expiring 
nation in the Fall of Jerusalem (1820), the conflict of new 
truth and old order, of religious enthusiasm and earthly 
affection, in the Martyr of Antwch (1822), are depicted 
with great eloquence and real insight to human nature. 
Milman’s characters, however, gge personified tendencies 
rather than personages, and in poetical style he was unable 
to free himself from the i of Byron. Belshazar 
(1822) is in general a pale copp#of Byron’s Sardanapalus, 
but contains some fine lyrics. Milman’s lyrics, indeed, 
especially his hymns, have frequently a fing Ming and sweep, 
though the thought is generally commonplace. 
tragedy of Anne Boleyn (1826) 1s a poor performance. 
With the exception of admirable versions of the Sanskrit 
episode of Nala and Damayanti, and of the Agamemnon 
and Bacchz, this was Milman’s last poetical work. He 
was elected professor of poetry at Oxford, and in 1827 
delivered the Bampton lectures, selecting as his subject the 
conduct and character of the apostles as an evidence of 
Christianity. In 1830 his History of the Jews appeared in 
the Family Library. The contracted limits of this series 
forbade any adequate treatment of the subject; the work 
is nevertheless memorable as the first by an English 
cler which treated the Jews as an Oriental tribe, 
recognized sheikhs and emirs in the Old Testament, sifted 
and classified documentary evidence, and evaded or 
tninimized the miraculous, Milman was violently attacked, 
especially by Dr Faussett and Bishop Mant, and the odium 
thus occasioned stopped the publication of the Family 
Library, and long impeded the preferment of the wniter. 
{n 1835, however, Sir Robert Peel made him rector of St 
Margaret's and canon of Westminster, and in 1849 he 
became dean of St Panl’s, The unpopularity attaching to 
him had by this time nearly died away ; and now, generally 
revured and beloved, intimate with men of all pursuits, 
politics, and persuasions, counted among the chief ornaments 
of the most polished society of the metropolis, he occupied 
a eingularly dignified and enviable position, which he 
constantly employed for the promotion of culture and 
etlightenment, and in particular for the relaxation of 
subscription to ecclesiastical formularies, His History of 
atiantty tinder the Hmpire had appeared in 1840, but 
had been as completely ignored as if, said Lord Melbourne, 
fhe clergy hed taken @ upiverval oath never to mention i 


He also edited Gibbon and Horace, and at his death in 
1868 left behind him almost finished a delightful history 
of his own cathedral, which was completed and published 


by his son. 

a large share of the which 
ants oe pe a be ri bai 
apprehends opinions by the power of sympathy. 
a tion he was deficient, a defect which alone prevented him 
from attaining the first rank as an historian. His pages are 
crowded with splendid names rather than with living sober wo 
the springs of action are disclosed with remarkable penetration, 
the actor himself 1s rather heard than seen. There are, however, 
exceptions, such as his portrait of Sir Christopher Wren; and 
i eo a peculiar power of investing mere intellectual 
tendencies with personality and life. His paraliel of Latin and 
Teutonic Christianity, for example, 18 a piece of finished historical 
rendered him in effect, 
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character painting. Has power of g 
as his natural galt gad Ta a e him in intention, a 
model of histoncal candour, ove ble, perhapa, with toe much 
gentleness. It will be long ere hi t work is superseded ; but he 
will perhaps be remembered even longer as an embodiment of all 
the qualities which the higher ecclesiastical preferment can be 
supposed capable of encouraging or rewarding among the clergy of 
a great historical church. (R. &) 
MILO, one of the most famous athletes of Greece, 
whose name became proverbial for personal strength. 
He lived about the end of the 6th century B.c., was six 
times crowned at the Olympic games and six times at the 
Pythian for wrestling, and was famous throughout the 
civilized world for his feats of strength, such as carrying 
an ox on his shoulders through the stadium at Olympia. 
In his native city of Crotona he was much honoured, and 
he commanded the army which defeated the people of 
Sybaris in 511 B.c. When Democedes, the physician of 
Darius, deserted the Persian service, he sent a boastful 
message to the king of Persia informing him of his 
marriage to the daughter of Milo. The traditional account 
of his death is often used to point a moral: he found a 


His tree which some woodcutters had partially split 


‘ite, St 
wedge, and attempted to rend it asunder; but x 
fell out, and the tree closed on his hand, imprisoning hi 


till wolves came and devoured him. 

MILO was the surname of T. Annius Papianus, one of 
the best-known of the partisan leaders and ruffians in the 
stormy times that preceded the dissolution of the Roman 
republic. His father was C. Papius Celsus, but he was 
adopted by his mother’s father T. Annius Luscus, He 
joined the Pompeian party, and led the band of mercenaries 
and gladiators which was required to defend the cause and 
i@ chief supporters in the public streeta. P. Clodius, the 
leader of the ruffians who professed the democratic cause, 
was his personal enemy, and their brawls in the streets and 
their mutual accusations in the law courts lasted for several 
years, beginning when Milo was tribune of the commons 
in 57 B.c. In 53 their quarrels came to a height when 
Milo was candidate for the consulship and Clodius for the 
pretorship ; and when the two leaders met by accident on 
the Appian Way at Bovillz, Clodius was murdered (January 
20, 52 Bc.). This act of violence strengthened the hands 
of Pompey, who was nominated sole consul, and 
several stringent laws to restore order in the city. Milo 
was impeached; his guilt waa clear, and his enemies took 
every means of intimidating his supporters and his judges. 
Cicero was afraid to deliver the speech he had prepared 
Pro Milone, and the extant oration is an expanded form of 
the unspoken defence. Milo went into exile at Massilia, 
and his property was aold by auction. He joined the 
insurrection of M. Celius in 48 Bc. and was soon alaih 
near Thurii in Lucania, His wife Fausta was danghiae 
of the dictator Sulla. 
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MILTON, Joun (1608-1674), was born in Bread Street, 
Cheapside, London, on the 9th of December 1608 His 
father, known as Mr John Multon of Bread Street, scrivener, 
was himself an interesting man He was a native of 
Oxfordshire, having been born there in or about 1563, the 
son of a Richard Vilton, yeoman of Stanton StJohn’s, 
of whom there are traces as one of the stu:diest adherents 
to the old Roman Catholic religion that had been left in his 
district The son, however, had turned Protestant, and, 
having been cast off on that account, had come to London, 
apparently about the year 1586, to push lis fortune 
Having recerved a good education, and having good abilities, 
especially m music, he may have lived for some time by 
musical teaching and practice Not till 1595, at all events, 
when he was long past the usual age of apprenticeship, do 
we hear of his preparation for the profession of a scrivener , 
and not till February 1599-1600, when he was about thirty 
seven years of age, did he enter the profession as a qualified 
member of the Scriveners’ Company It was then that he 
set up his “house and shop’ in Bread Street, and began, 
like other scriveners, his lawyerly business of drawing up 
wills, marnage settlements, and the like, with such related 
business as that of receiving money from chents for invest 
ment and lending it out to the best advantage It was at 
the same time that he married Tull recently there has 
been the most extraordinary uncertainty as to the maiden 
name of his wife, the mother of the poet It ha. been 
now ascertained, however, that she was a Saiah Jeffrey, 
one of the two orphan daughters of a Paul Jeffrey, of St 
Swithin’s, London, “citizen and merchant taylor,’ orisinally 
from Essex, who had died before 1583 At the date of 
her marriage she was about twenty eight years of age 
Her widowed mother, Mrs Ellen Jeffrey, came to reside m 
the house m Bread Street, and died there m February 
1610-11 Before this death of the maternal grandmother 
three children had been boun to the scrivene: and his wife, 
of whom only two survived,—the future poet, and an elder 
sister, called Anne Of three more children, born subse 
quently, only one survived,—Christopher, the youngest of 
the family, born December 3, 1615 

The first sixteen years of Milton s life comciding exactly 
with the last sixteen of the reign of James I, associate 
themsclves with the house in Bread Street, and v+th the 
surroundings of that house in Old London His father, 
while prospering im busmess, continued to be known as a 
man of “ingeniose ’ tastes, and even acquired some dis 
tinction in the London musical world of that time by his 
occasional contributions to important musical publications 
Music was thus a part of the poets domestic education 
from his infancy Whatever else could be added was 
added without stint Again and again Milton speaks with 
gratitude and affection of the ungrudging pains bestowed 
by his father on his early education “Both at the 
grammar school and also under other masters at home,” 1s 
the statement in one passage, “he caused me to be 
instructed daily” This brings us to about the year 1619, 
when Milton was ten years of age At that time his 
domcstic tutor was Thomas \oung, a Scotsman from Perth 
ruure, and giaduate of the university of St Andrews, after 
wards @ man of no small distinction among the English 
Puritan clergy, but then only curate or assistant to some 
parish clergyman im or near London, and eking out his 
livelihood by private teachmg ‘Youngs tutorship lasted 
fill 1622, when he was drawn abroad by an offer of the 
pastorsip or chaplaincy to the congregation of English 
merchants in Hamburg Already, however, for a year or 
two, his tutorship had been only supplementary to the 
education which the boy was receiv.ng by daily attendance 
at St Paul’s public school, close to Bread Street The 
headmaster of the school was Mr Alexander Gill, an elderly 
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Oxford divine, of high reputation tor scholarship and 
teaching ability Under him, as usher or second master, 
was his son, Alexander Gill the younger, also an Oxford 
graduate of scholarly reputation, but of blustering character. 
Milton’s acquaintanceship with this younger Gull, begun at 
St Paul’s school, led to subsequent friendship and corre- 
spondence Far more affectionate and intimate was the 
friendship formed by Milton at St Paul’s with a certain 
young Charles Diodati, his schoolfellow there, the son of a 
naturalized Itahan physician, Dr Theodore Diodati, who 
had settled in London in good medical practice, and was 
much respected, both on his own account, and as being the 
brother of the famous Protestant divine, Jean or Giovannn 
Diodati of Geneva Young Diodat, who was destined for 
his father’s profession, left the school for Oxford University 
early in 1623, but Milton femained till the end of 1624. 
A family meident of that year was the marnage of his 
elder sister, Anne, with Edward Phillips, a clerk in the 
Government office called the Crown Office in Chancery. 
Milton had then all but completed his sixteenth year, and 
was as scholarly, as accomplished, and as handsome a 
youth as St Paul’s school had sent forth We learn from 
himself that his exercises “in Enghsh or other tongue, 
prosing gr versing, but chiefly this latter,” had begun to: 
attract attention even in his boyhood This imphes that 
he must have had a stock of attempts in English and Latim 
by him of earlier date than 1624 Of these the only 
specimens that now remain are his Paraphrase on Psalm 
CXIV and his Paraphrase on Psalm CXXXVI 

On February 12, 1624-25, Milton, at the age of sixteen 
years and two months, was entered as a student of Christ’s 
College, Cambridge, in the grade of a “ Lesser Pensioner ” 
His matriculation entry im the books of the university 1s 
two months later, April 9,1625 Between these two dates 
James I had died, and had been succeeded by Charles I 

Cambridge University was then in the full flush of its 
prosperity on that old system of university education 
which combined Latm and Greek studies with plentiful 
drill and disputation in the scholastic logic and philosophy, 
but with httle of physical science, and next to no mathe- 
matics There were sixteen colleges 1m all, dividing among 
them a total of about 2900 members of the university 
Christ’s College, to which Milton belonged, ranked about 
third in the university in respect of numbers, counting 
avout 265 members on its books The master was Dr 
Thomas Bainbrigge , and among the thirteen fellows were 
Mr Joseph Meade, still remembered as a commentator on 
the Apocalypse, and Mr Wilham Chappell, afterwards an 
Insh bishop It was under Chappells tutorship that 
Milton was placed when he first entered the college At 
least three students who entered Chmnsts after Milton, but 
during his residence, deserve mention One was Edward 
King, a youth of Insh birth and high Imsh connexons, 
who entered in 1626, at the age of fourteen, another was 
John Cleveland, afterwards known as royalist and satirist, 
who entered in 1627, and the third was Henry More, sub- 
sequently famous as the Cambridge Platonist who entered 
in 1631, just before Milton left Multon’s »wn brother, 
Christopher, jomed him 1n the college in February 1630- 
31, at the age of fifteen 

Milton’s academic course lasted seven years and five 
months, or fiom February 1624-25 to July 1632, bringing 
him from his seventeenth year to his twenty fourth The 
first four years were his time of undergraduateship It 
was in the second of these, the year 1626, that there 
occurred that quarrel between him and his tutor, Mr 
Chappell, which Dr Johnson, making the most of a lax 
tradition from Aubrey, magnified into the supposition that 
Milton may have been one of the last students in either of 
the English universities that suffered the mdigmty of 
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corporal punishment The Jegend deserves no credit, but 
it 18 certain that Milton, on account of some disagreement 
with Chappell, leading to the mterference of Dr Bainbrigge, 
left college for a time, and that, when he did return, 1 was 
under an arrangemont which, while securing that he should 
not loso a term by his absence, transferred him from the 
tutorship of Chappell to thet of Mr Nathaniel Tovey, 
another of the fellows of Chnst’s From a reference to 
the matter in the first of the Latin elegies one infers that 
the cause of the quarrel was some outbreak of self assertion 
on Milton’s part We learn indeed, from words of his own 
elsewhere, that it was not only Chappell and Bambrigge 
that he had offended by his independent demeanour, but 
that, for the first two or threo years of his undergraduate 
ship, he was generally unpopular, for the same reason, 
among the younger men of fis college They had nick 
named him “The Lady,” o nickname which the students 
of the other colleges took up, converting 1t mto “The Lady 
of Christ’s College”, and, though the allusion was chiefly 
to the peculiar grace of his personal appearance, it con 
veyed also a sneer at what the rougher men thought his 
unusual prudishness, the haughty fastidiousness of his 
tastes and morals Quite as distinct as the mformation 
that he was for a while unpopular with the majonty of his 
fellow students are the proofs that they all came round him 
at last with respect and deference The change had cer 
tainly occurred before January 1628-29, when, at the age of 
twenty, he took his BA degree By that time his intel 
fectual pre eminence in his college, and indeed among his 
coevals in the whole university, had come to be acknow 
ledged His reputation for scholarship and literary genzus, 
extraordinary even then, was more than confirmed during 
the remeining three years and a half of his residence in 
Cambridge <A fellowship mm Christs which fell vacant 
in 1630 would undoubtedly have been his had the election 
to such posts depended then absolutely on ment As it 
was, the fellowship was conferred, by royal favour and 
mandate, on Edward King, his junior in college standimg 
by sixteen months In July 1632 Milton completed his 
career at the university by taking his MA degree Huis 
signature in the University Register stands at the head of 
the list of those who graduated as masters that year from 
Christ’s Anthony Woods summary of the facts of his 
university career as a whole is that he ‘performed the 
collegiate and academuical exercises to the admiration of all, 
and was esteemed to be a virtuous and sober person, yet 
not to be ignorant of his own parts’ The statement 1» 
an perfect accordance with Multons own account He 
speaks of “a certain niceness of nature, an honest haughti 
ness, and self esteem of what I was or what I mght be,’ 
as one of his earliest characteristics , and, though mtimat- 
ing that, even while actually a student at Cambridge, he 
had “never greatly admired ’ the system of the place, he 
leaves us in no doubt as to the quite exceptional applause 
‘with which he had gone through all the prescribed work 
To the regular Latin and Greek of the umversity he had 
added, he tells us, French, Italian, and Hebrew He had 
also learnt fencing and other gentlemanly exercises of the 
time, and was an expert swordsman 

Of Milton’s skull at Cambridge in what Wood calls “the 
collegiate and academical exercises” specimens remain in 
his Prolustones Quedam Oratorz They consist of seven 
thetorical Latin essays, generally im a whimsical vem, 
delivered by hum, in his undergraduateship or durmg his 
subsequent bachelorship in arts, either in the hall of 
Chnist’e College or in the public Unversity School 
Relics of Milton’s Cambridge period are also four of his 
Letn Famar Epistles, but more important are the 
poetical remams These include the greater number of his 
preserved Latin poema—to wit, (1) the seven pieces which 
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com his Eleguarum Laber, two of the most iter 
of them addressed to his medical friend, Charles Diodati, 
and one to his former tutor Young 1n his exile at Ham 
burg, (2) the five short Gunpowder Plot epigrams, now 
appended to the Klegzes, and (3) the first five pieces of the 
Sylvarum Irber, the most umportant of which are the hexa 
meter poem “In Quintum Novembms” and the piece 
entitled “Naturam non pati senum” Of the English 
poems of the Cambridge period the following 1s a dated 
hst —On the Death of a Tar Infant, 1625-26, the subject 
being the death in that mclement winter of his mfant 
niece, the first-born child of his sister Mrs Phillips, At 
a Vacation Exercise wn the College, 1628, the magnificent 
Christmas ode On the Morning of Christ s Natunty, 1629, 
the fragment called The Passvon and the Song on May 
Morning, both probably belonging to 1630, the lines Or 
Shakespeare, certamly belonging to that year, the two 
facetious pieces On the Unwerstty Carrer, 1630-31, the 
Epitaph on the Marchroness of Winchester, 1631, the 
sonnet 7'o the Nightungale, probably of the same year, the 
sonnet On arrunng at the Age of twenty three, dating itself 
certainly in December 1631 

Just before Milton quitted Cambridge, his father, then 
verging on his seventieth year, had practically retired 
from his Bread Street business, leaving the active manage- 
ment of 1t toa partner, named Thomas Bower, a former 
apprentice of his, and had gone to spend his declining 
years at Horton in Buckinghamshire, a small village near 
Colnbrook, and not far from Windsor Here, accordingly, 
1n @ house close to Horton church, Milton mamly resided 
for the next six years,—from July 1632 to Apnil 1638 

Although, when he had gone to Cambridge, 1t had been 
with the intention of becoming a clergyman, that intention 
had been abandoned His reasons were that “tyranny 
had invaded the church,” and that, finding he could not 
honestly subscribe the oaths and obligations required, he 
“thought it better to preserve a blameless silence before 
the sacred office of speaking begun with servitude and 
forswearmg” In other words, he was disgusted with the 
system of igh prelacy which Laud, who had been bishop 
of London and minister paramount in ecclesiastical matters 
since 1628, was establishing and maintamming in the Charch 
of England ‘Church outed by the prelates,” as he 
emphatically expresses 1t, he seems to have thought for a 
time of the law From that too he recoiled, and, leav 
ing the legal profession for his brother Christopher, he had 
decided that the only hfe possible for himself was one of 
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| leisurely independence, dedicated wholly to scholarship and 


literature His compunctions on this subject, expressed 
already in his sonnet on arriving at his twenty third year, 
are expressed more at length in an Enghsh letter sent by 
him, shortly after the date of that sonnet, and with a copy 
of the sonnet included, to some friend who had been 
remonstrating with him on his “belatedness’ and his 
persistence in a hfe of mere dream and study There 
were gentle remonstrances also from his excellent father. 
Between such a father and such a son, however, the con- 
clusion was easy What it was may be learnt from Milton’s 
fine Latm poem Ad Patrem There, m the midst of an 
enthusiastic recitation of all that his father had done for 
him hitherto, it 15 mtimated that the agreement between 
them on their one little matter of difference was alieady 
complete, and that, as the son was bent on a private life of 
hterature and poetry, 1t had been decided that he should 
have his own way, and should im fact, so long as he chose, 
be the master of his father’s means and the chief person in 
the Horton household For the six years from 1632 this, 
accordingly, was Milton’s potion In perfect leisure, and 
mm a pleasant rural retirement, with Windsor at the distance 
of an easy walk, and London only about 17 miles off, be 
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went through, he tells us, a systematic course of reading 
in the Greek and Latin classics, varied by mathematics, 
music, and the kind of physical science we should now call 
oosmography, ; 
Tt 18 an .nteresting fact that Multon’s very first public 
appearance in the world of English authorship was in 80 
honourable a place as the second folio edition of Shakespeare 
1632 His enthusiastic eulogy on Shakespeare, written 
in 1630, was one of three anonymous pieces prefixed to 
that second folio, along with reprints of the commendatory 
verses that had appeared im the first folio, one of them 
Ben Jonsons immortal tribute to Shakespeare’s memory 
Among the poems actually written by Milton at Horton 
the first, in all probability, after the Lat hexameters Ad 
Patrem, were the exquisite companion pieces L Allegro 
and Jl Penseroso There followed, n o1 about 1633, the 
fragment called Arcades It was part of a pastoral masqui 
got up by the young people of the noble family of Egerton 
in honour of their venerable relative the countess dowager 
of Derby, and performed before that lady at her mansion of 
Harefield, near Uxbridge, about 10 miles from Horton 
That Milton contributed the words for the entertamment 
was, almost certainly, owing to hiv fnendship with Henry 
Lawes, one of the chief court musicians of that time, whose 
known connexion with the Egerton family points him out 
as the probable manager of the Harefield masque Next 
in order among the compositions 2t Horton may be 
mentioned the three short pieces, At a Solemn Music, On 
Time, and Upon the Crrcumesion, after which comes 
Comus, the largest and most important of all Milton’s 
minor poems ‘The name by which that beautiful drama 
18 now universally known was not given to it by Milton 
himself He entitled it, more simply and vaguely, “A 
Masque presented at Ludlow Castle, 1634, before the Earl 
of Bridgewater, Lord President of Wales” The existence 
of this poem is certainly due to Miltons intimacy with 
Lawes The carl of Bridgewater, the head of the Egerton 
family, had been appointed to the high office of the 
presidency or viceroyalty of Wales, the official seat of 
which was Ludlow in Shropshire , 1t had been determined 
that among the festivities on his assumption of the office 
there should be a great masque in the hall of Ludlow 
Castle, with Lawes for the stage manager and one of the 
actors , Milton had been applied to by Lawes for the 
poetry , and, actually, on Michaelmas night, September 29, 
1634, the drama furmished by Milton was performed im 
Ludlow Castle before a great assemblage of the nobility 
and gentry of the Welsh pmncipality, Lawes taking the part 
of “ the attendant spint,’ while the parts of “ first brother,” 
“second brother,” and “ the lady ” were taken by the earl’s 
three youngest children, Viscount Brackley, Mr Thomas 
Egerton, and Lady Alice Egerton —From September 1634 
to the beginning of 1637 1s a comparative blank in our 
records Straggling incidents m this blank are a Latin 
letter of date December 4, 1634, to Alexander Gill the 
younger, a Greek Translation of Psalm CXIV , a visit to 
Oxford m 1635 for the purpose of incorporation in the 
degree of MA im that university and the beginning in 
May 1636 of a troublesome lawsuit against his now aged 
and infirm father —The lawsuit, which was instituted by 
a certain Sir Thomas Cotton, baronet, nephew and executor 
of a deceased John Cotton, Esq , accused the elder Milton 
and his partner Bower, or both, of having, in ther capacity 
as scriveners, misappropniated divers large sums of money 
that had been entrusted to them by the deceased Cotton to 
be let out at interest The lawsuit was still in progress 
when, on the 3d of April 1637, Milton’s mother died, at 
the age of about sixty-five. A flat blue stone, with a bref 
meacription, visible on the chancel pavement of Horton 
church, etsll marks the place of her burel Milton's 
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testimony to her character is that she was a “a most 
excellent mother and particularly known for her chanties 
through the neighbourhood” The year 1637 was other- 
wise eventful in his biography. It was in that year that 
his Comus, after lymg m manuscript for more than two 
years, was published by itself, in the form of a small quarto 
of thirty five pages The author’s name was withheld, and 
the entire responsibility of the publication was assumed by 
Henry Lawes Milton seems to have been in London when 
the httle volume appeared He wasa good deal in London, 
at all events, during the summer and autumn months 
immediately followmg is mothers death The plague, 
which had been on one of its periodical visits of ravage 
through England since early in the preceding year, was 
then especially severe in the Horton neighbourhood, while 
London was comparatively free It was probably in 
London that Milton heard of the death of young Edward 
King of Christ s College, whom he had left as one of the 
most popular of the fellows of the college, and one of the 
clerical hopes of the university King had sailed from 
Chester for a vacation visit to hus relatives in Ireland, 
when, on the 10th of August, the ship, in perfectly calm 
water, struck on a rock and went down, he and nearly 
all the other passengers gomg down with her There 1s 
no mention of the sad accident in two otherwise very 1n- 
teresting Latin Familar Eynstles of Milton, of September 
1637, both addressed to his medical frend Charles Diodati, 
and both dated from London , but how deeply the death of 
King had affected him appears from his occupation shortly 
afterwards In November 1637, and probably at Horton, 
whence the plague had by that time vanished, he wrote 
his matchless pastoral monody of Zyctdas It was his con- 
tribution to a collection of obftuary verses, Greek, Latin, and 
English, which King s numerous frends, at Cambridge and 
elsewhere, were getting up in lamentation for his sad fate 
The collection did not appear till early in 1638, when it 
was published 1n two parts, with black bordered title pages, 
from the Cambridge University press, one consisting of 
twenty three Latin and Greek pieces, the other of thirteen 
English pieces, the last of which was Milton’s monody, 
signed only with his initials “J M’ It was therefore 
early in 1638, when Milton was in his thirtieth year, that 
copies of his Lycrdas may have been im circulation among 
those who had already become acquainted with his Comus 
Milton was then on the wing for a foreign tour Hoe 
had long set his heart on a visit to Italy, and circum 
stances now favoured his wish The vexatious Cotton 
lawsuit, after hanging on for nearly two years, was at an 
end, as far as the elder Milton was concerned, with the 
most absolute and honourable vindication of his character 
for probity, though with some continuation of the case 
against his partner, Bower Moreover, Milton’s younger 
brother, Christopher, though but twenty two years of age, 
and just about to be called to the bar of the Inner Temple, 
had marned a wife, and the young couple had gone to 
reside at Horton to keep the old man company There 
being nothing then to detain Milton, all was arranged 
for hig journey Before the end of April 1638 he 
was on his way across the Channel, taking one English 
man servant with him At the time of his departure 
the last great news in England was that of the National 
Scottish Covenant, or solemn oath and band of all ranks 
and classes of the Scottish people to stand by each other 
the death in resisting the ecclesiastical mnovations 
which Laud and Charles had been foremg upon Scotland. 
To Charles the news of this “‘damnahle Covenant,” as he 
called it, was enraging beyond measure, but to the mass 
of the Enghsh Puritans 1t was far from unwelcome 
romising, as 1t seemed to do, for England herself, the 
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subversion at last of that system of “Thorough,” or despotic 
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government by the king and his mmusters without parle- 
ments, under which the country had been groaning since the 
contemptuous dissolution of Charles’s third parhament ten 
years before 

Through Paris, where Milton made but s short stay, 
receiving polite attention from the Enghsh ambassador, 
Lord Scudamore, and having the honour of an introduction 
to the famous Hugo Grotius, then ambassador for Sweden 
at the French court, he moved on rapidly to Italy, by way 
of Nice After visiting Genoa, Leghorn, and Pisa, he 
arrived at Florence, August 1638 Enchanted by the city 
and its society, he remamed there two months, frequenting 
the chief academies or literary clubs, and even taking part 
in their proceedings Among the Florentines with whom 
he became intimate were Jacopo Gadd, young Carlo Dati, 
Pietro Frescobaldi, Agostino ,Coltelliim, the grammarian 
Benedetto Buommatte:, Valerio Chimentelli, and Antonio 
Francim It was in the neighbourhood of Florence also 
that he “found and visited ’ the great Galileo, then old 
and blind, and still nominally a prisoner to the Inquisition 
for his astronomical heresy From Florence, by Siena, 
Milton went to Rome He reached the Eternal City some 
time in October, and spent about another two months 
there, not only gomg about among the ruins and antiquities 
and visiting the galleries, but mixing also, as he had done 
m Florence, with the learned society of the academies 
Among those with whom he formed acquaintance in Rome 
were the German scholar, Lucas Holstenus, hbraman of 
the Vatican, and three native Italian scholars, named 
Cherubini, Salzilh, and Selvaggi There 1s record of his 
having dined once, in company with several other English 
men, at the hospitable table of the English Jesuit College 
The most picturesque imcident, however, of his stay m 
Rome was his presence at a great musical entertainment 
mn the palace of Cardinal Francesco Barberm: Here he 
had not only the honour of a specially kind reception by 
the cardinal himself, but also, 1t would appear, the 
supreme pleasure of listenmg to the marvellous Leonora 
Baroni, the most renowned singer of her age Late im 
November he left Rome for Naples Here also he was 
fortunate The great man of the place was the now very 
aged Giovanni Battista Manso, marquis of Villa, the friend 
and biographer of the great Tasso, and subsequently the 
friend and patron of the sweet Marm: By a happy 
accident Milton obtained an imtroduction to Manso, and 
nothing could exceed the courtesy of the attentions paid 
by the aged marquis to the young English stranger He 
had hardly been in Naples a month, however, when there 
came news from England which not only stopped an 
intention he had formed of extending his tour to Sicily 
and thence into Greece, but urged his mediate return 
home ‘The sad news of civil war in England, he says, 
“called me back, for I considered 1t base that, while my 
fellow-countrymen were fighting at home for liberty, I 
should be travelling abroad for mtellectual culture’ In 
December 1638, therefore, he set his face northwards again 
His return journey, however, probably because he learnt 
that the news he had first recerved was exaggerated or 
premature, was broken mto stages He spent a second 
two months im Rome, ascertained to have been January 
and February 1638-39 , durmg which two months, as he 
tells us, he was in some danger from the papal police, 
because the Enghsh Jesuits in Rome had taken offence at 
his habit of free speech, wherever he went, on the subject 
of religion, Though he did not alter his demeanour mm the 
least in this particular, nothing happened , and from Rome 
he got safely to Florence, welcomed back heartily by lus 
Florentine friends, and renewing his meetings with them 
privately and im ther academies His second visit to 
Florence, including an excursion to Lucca, extended over 
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two months, and not till April 1639 did he take hus 
leave, and proceed, by Bologna and Ferrara, to Venice 
About a month was given to Vemce, and thence, having 
shipped for England the books he had collected in Italy, 
he went on, by Verona and Milan, over the Alps, to 
Geneva In this Protestant city he spent a week or two 
mn June, forming interesting acquaintanceships there too, 
and having daily conversations with the great Protestant 
theologian Dr Jean Diodati, the uncle of lus fmend 
Charles Diodat: From Geneva he returned to Pans, and 
so to England He was home again in August 1639, 
having been absent 1n all fifteen or sixteen months 

Milton’s Continental tour, and especially the Itahan 
portion of it, remained one of the chief pleasures of his 
memory through all his subsequent life Nor was it quite 
without fruits of a literary kind Besides two of his Latin 
Epstole Familares, one to the Florentine grammanan 
Buommattei, and the other to Lucas Holstenius, there 
have to be assigned to Milton’s sixteen months on the 
Continent his three Latin epigrams Ad Leonoram Roms 
Canentem, lis Latin scazons Ad Salsllum Poetam 
Romanum grotantem, tis fine and valuable poem m 
Latin hexameters entitled Jfansus, and lis Five Jtalvan 
Sonnets, unth a Canzone, celebrating the charms of some 
Italian lady he had met in his travels 

One sad and marrmg memory did mingle stself with all 
that was otherwise so delightful im his Italian remmuiscences 
His bosom friend and companion from boyhood, the half 
Italan Charles Diodati, who had been to him as Jonathan 
to David, and mto whose ear he had hoped to pour the 
whole narrative of what he had seen and done abroad, had 
died durmg his absence He had died, mm Blachfnars, 
London, in August 1638, not four months after Milton 
had gone away on his tour The itelhigence had not 
reached Malton till some months afterwards, probably not 
till his second stay in Florence, and, though he must have 
learnt some of the particulars from the youths uncle m 
Geneva, he did not hnow them fully til his return to 
England How profoundly they affected him appears 
from his Epitaphum Damons, then wntten m memory of 
his dead fnend The importance of this poem in Milton’s 
biography cannot be overrated It 1s perhaps the noblest 
of all ns Latin poems and, though m the form of a 
pastoral, and even of a pastoral of the most artificial sort, 
it 1s unmistakably an outburst of the most passionate 
personal grief In this respect Lycrdas, artistically perfect 
though that poem 1s, cannot be compared with it , and it 18 
only the fact that Lyctdas is in English, while the Eputaphium 
Damonzs 1s 1n Latin, that has led to the notion that Edward 
King of Christ College was peculiarly and pre-eminently 
the friend of Milton m his youth and early manhood 

That Malton, now im his thirty first year, had been gird 
ing himself for some greater achievement in poetry than any 
he had yet attempted, Comus not excepted, we should have 
known 0 herwie What we should not have known, but 
for an incidental passage in the Eprtaphium Damonse, 18 
that, at the time of his return from Italy, he had chosen a 
subject for such a high literary effort of a new Miltome 
sort The passage 1s one in which, after referring to the 
hopes of Diodati» medical career as so suddenly cut short 
by his death, Milton speaks of himself as the survivor and 
of his own projects in hts profession of literature In 
translation, it may run thus — 


‘ T have a theme of the Trojans cruising our southern headlands 
Shaping to song and the realm of Imogen daughter of Pandras, 
Brennus and Arvirach, dukes, and Brens bold brother, Belinus , 
Then the Armorican settlers under the laws of the Britons, 

Ay, and the womb of Igraine fatally pregnant with Arthur, 
Uther s son, whom he got 1n Gorlois Lheness, 

All by Merlin craft “O then, if life shall be spared me, 

Thou shalt be hung, my pune, far off on some dying old pane tree, 


528 


Mach fi of me, or else your Latian music 
‘or the British war screech! What then? For one to 


Cha: 
o all things, 
One to hope all things, fits not! Prize suffiaently ample 
Mine, and distinction great (unheard of ever thereafter 
Though I should be and inglorious all through the world of the 
stranger), 
If but the ie haired Ouse shall read me, the drinker of Alan, 
Humber, which whirls as it flows, and Trents whole valley of 


orchards, 
Thames my own Thames, above all, and Tamar s western waters, 
lawny with orcs, and where the white waves swinge the far 
Orkneys 


Interpreted prosaically, this means that Multon was 
meditating an epic of which King Arthur was to be the 
central figure, but which should include somehow the 
whole cycle of British and Arthurian legend, and that not 
only was this epic to be m English, but he had resolved 
that all his poetry for the future should be in the same 
tongue 

Not long after Miltons return the house at Horton 
ceased to be the family home Christopher Milton and 
lus wife went to reside at Reading, takmg the old 
gentleman with them, while Milton himself preferred 
London He had first taken lodgings m St Brides 
Churchyard, at the foot of Fleet Street , but, after a while, 
“robably early in 1640, he removed to a “pretty garden 
house’ of his own, at the end of an entry, in the part of 
Aldersgate Street which hes ummediately on the city side 
of what 1s now Maidenhead Court His sister, whose 
first husband had died in 1631, had marned a Mr Thomas 
Agar, his successor in the Crown Office, and it was arranged 
that her two sons by her first. husband should be educated 
by their uncle John Phillips, the younger of them, only 
nine years old, had boarded with him in the St Bndes 
Churchyard lodgings , and, after the removal to Aldersgate 
Street, the other brother, Edward Phillips, only a year 
older, became his boarder also Gradually a few other 
boys, the sons of well to-do personal frends, jomed the 
two Phillipses, whether as boarders or for daily lessons, 
so that the house in Aldersgate Street became a small 
private school The drudgery of teaching seems always 
to have been liked by Milton What meanwhile of the 
great Arthurian epic? That project, we find, had been 
given up, and Milton s mind was roving among many other 
subjects, and balancing their capabilities How he wavered 
between Biblical subjects and heroic subjects from British 
history, and how many of each kind suggested themselves 
to him, one learns from a list in his own handwriting among 
the Milton MSS at Cambridge It contains jottings of 
no fewer than fifty three subjects from the Old Testament, 
eight from the Gospels, thirty three from British and 
English history before the Conquest, and five from Scottish 
history It 1s curious that all or most of them are headed 
or described as subjects for “ tragedies,’ as if the epic 
form had now been abandoned for the dramatic It 1s 
more interesting still to observe which of the subjects 
fascinated Milton most Though several of them are 
sketched pretty fully, not one 1s sketched at such length 
and so particularly as Paradise Lost Its the first subject 
on the hist, and there are four separate drafts of a possible 
tragedy under that title tvo of them merely enumerating 
the dramatts persone but the last two mdicating the plot 
and the division into acts Thus, in 1640, twenty seven 
years before Paradise Lost was given to the world, he had 
put down the name on paper, and had committed himself 
to the theme 

To these poetic dreamings and schemings there was to 
oe a long interruption The Scottish National Covenant 
had led to extraordmary results Not only were Charles 
and Laud checkmated .n their design of converting the 
mild Episcopal system which King James had established 
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in Scotland into a high Landian pretacy; but, m a 
General Assembly held at Glasgow m the end of 1638, 
Episcopacy had been utterly abolished in Scotland, and 
the old Presbyterian system of Knox and Melville revived. 
To avenge this, and restore the Scottish bishops, Charles 
had marched to the Border with an English army, but, 
met there by the Covenantmg army under (leneral 
Alexander Leshe, he had not deemed it prudent to msk a 
battle, and had yielded to a negotiation conceding to the 
Scots all their demands This “First Bishops’ War,” aa 
it came to be called, was begun and concluded while 
Milton was abroad About the time of his return, how 
ever, Charles had again broken with the Scots Milton 
had been watching the course of affairs smce then with 
close and eager mterest He had seen and partaken m 
the sympathetic stir m favour of the Scots which ran 
through the popular and Puritan mind of England He 
had welcomed the practical proof of this sympathy given 
in that English parhament of April 1640, called “'The Short 
Parliament,” which Charles, in his stratts for supphes against 
the Scots, had reluctantly summoned at last, but was 
obliged to dismiss as unmanageable Charles had, never- 
theless, with money raised somehow, entered on the 
“Second Bishops’ War” This time the result was 
momentous indeed The Scots, not waiting to be attacked 
in their own country, took the aggressive, and mvaded 
England In August 1640, after one small engagement 
with a portion of Charless army, they were m possession 
of Newcastle and of all the northern English counties 
The Enghsh then had their opportunity A treaty with 
the Scots was begun, which the English Puntans, who 
regarded their presence in England as the very blessing 
they had been praying for, were in no haste to finish , and, 
on the 3d of November 1640, there met that parlament 
which was to be famous in English history, and m the 
history of the world as “The Long Parliament ” 

Of the first proceedings of this parliament, including the 
trial and execution of Strafford, the impeachment and 
imprisonment of Laud and others, and the break down of 
the system of Thorough by miscellaneous reforms and by 
guarantees for parliamentary liberty, Milton was only a 
spectator It was when the church question emerged 
distinctly as the question paramount, and there had ansen 
divisions on that question among those who had been 
practically unanimous in matters of civil reform, that he 
plunged in as an active adviser There were three parties 
on the church question There was a high church party, 
contending for Episcopacy by divine right, and for the 
maintenance of Enghsh Episcopacy very much as it was, 
there was a middle party, defending Episcopacy on grounds 
of usage and expediency, but desiring to see the powers of 
bishops greatly curtailed, and a limited Episcopacy, with 
councils of presbyters round each bishop, substituted for 
the existing high Episcopacy , and there was the root-and 
branch party, as it called itself, desiring the entire abolition 
of Episcopacy and the reconstruction of the Enghsh 
Church on something like the Scottish Presbyterian model 
Since the opening of the parliament there had been a storm 
of pamphlets crossing one another in the air from these 
three parties The chief manifesto of the high-church 

tty was a pamphlet by Joseph Hall, bishop of Exeter, 
entitled Humble Remonstrance to the High Court of 
Parlvament In answer to Hall, and in representation of 
the views of the root-and branch party, there had stepped 
forth, m March 1640-41, five leading Puntan pansh 
ministers, the initials of whose names, clubbed together on 
the title page of their Jot production, made the uncouth 
word “Smectymnuus” These were Stephen Marshall, 
Edmund Calamy, Thomas Young, Matthew Newcomen, 
and Wilham Spurstow. The Thomas Young whose name 
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comes in the middle was no other than the Scottish 
Thomas Young who had been Miltons domestic preceptor 
in Bread Street Having returned from Hamburg in 
1628, he had been appointed to the vicarage of Stowmarket 
in Suffolk, in which hving he had remained ever since, 
with the reputation of bemg one of the most solid and 


learned Puritans umong the English parish clergy The | 


famous Smectymnuan pamphlet in reply to Hall was 
mainly Youngs 
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at Westminster under parliamentary authonty Of Milton’s 
life through those first months of the civil war httle 1s 
known He remaimed in his house m Aldersgate Street, 
teachmg his nephews and other pupils, and the only 
scrap that came from his pen was the semi jocose sonnet 
bearing the title When the Assault was intended to the Crty 
In the summer ot 1643, however, there was a great change 
m the Aldersgate Street household About the end of May, 


What 1s more interesting 1s that his old | as his nephew Edward Philips remembered, Multon went 


pupil Milton was secretly in partnership with him and his | away ona country journey, without saymg whither or for 


brother Smectymnuans Miltons hand 1s discernible in a 
portion of the onginal Smectymnuan pamphlet and he 
continued to aid the Smectymnuans in their subsequent 
rejoinders to Halls defences of himself It was more m 
Milton’s way, however, to appear in print independently 
and in May 1641, while the Geatoreny between Hall and 
the Smectymnuans was going on, he put forth a pamphlet 
of bis own It was entitled Of Reformation tomhing 
Church Duserpline on England and the Causes that have 
ketherto hindered 1, and consisted of a review of English 
ecclesiastical history, with an appeal to his countrymen to 
res. me that course of reformation which he considered to 
have been prematurely stopped m the preceding century, 
and to sweep away the last relics of papacy and prelacy 
Among all the root and branch pamphlets of the time 1t 
stood out, and stands out still, as the most thorough going 
and tremendous It was followed by four others in rapid 
succession, —to wit, Of Prelatucal Episcopacy and whethe 
wt may be deduced fiom the Apostolt al Trmes (June 1641), 
Ammadver sions upon the Remonstiants Defence agavnst 
Smectymnuus (July 1641), The Reason of Church Govern 
ment urged against Prelaty (February 1641-42), Apology 
agamst a Pamphlet called a Vodest Confutation of the 
Animadversions, &c (March 1641-42) The first of these 
was directed chiefly against that middle party which 
advocated a limited Episcopacy, with especial reply to the 
arguments of Archbishop Ussher, as the chief exponent of 
the views of that party Two of the others, as the titles 
imply, belong to the Smectymnuan series, and were 
castigations of Bishop Hall The greatest of the four and 
the most important of aH Milton s anti Episcopal pamphlets 
after the first, 15 that entitled The Reason of Church 
Government It 1s there that Milton takes his readeis 
into his confidence, speaking at length of himself and his 
motives in becoming a controversialist Poetry, he declares, 
was his real vocation 
resolved to “leave a calm and pleasing solitariness, fed with 
cheerful and confident thoughts, to embark 1m a troubled 
sea of noises and hoarse disputes , but duty had left him 
no option The great poem or poems he had been meditat 
ing could wait, and meanwhile, though in prose polemics 
he had the use only of lus “left hand, that hand should 
be used with all its might m the cause of his country and 
of hberty 

The parliament had advanced in the root and branch 
direction so far as to have passed a bill for the eaclusion 
of bishops from the House of Lords, and compelled the 
kings» assent to that bill, when, m August 1642, the 
further struggle between Charles and his subjects tooh the 
form of civil war All England was then divided into the 
Royalists, supporting the king, and the Parliamentarians, 
adhering to that majority of the Commons, with a 
minority of the Lords, which sat on as the ,arhament 
While the first battles of the civil war were bung fought 
with varying success, this parliament, less mpeded than 
when it had been full, moved on more and more rapidly 
m the root and branch direction, till, by midsummer 1643, 
the abolition of Episcopacy had been deciecd and the 
question of the future non prelatic constitution of the 
Church of England referred to a synod of divines, to meet 


it was with reluctance that he had , 


what purpose, and, when he returned, about a month 
afterwards, 1t was with a young wife, and with some of 
her sisters and other relatives im her company He had, 
mn fact, been in the very headquarters of the king and the 
Royalist army in and round Oxford, and the bride he 
brought back with him was a Mary Powell, the eldest 
daughter of Richard Powell, Esq, of Forest Hill, near 
Oxford She was the third of a family of eleven sons and 
daughters, of good standing, but m rather embarrassed 
circumstances and was seventeen years and four months 
old, while Milton was 1m his thirty fifth year However 
the marriage came about, 1t was a most unfortunate event 
The Powell family were strongly Royalist, and the girl 
herself seems to have been frivolous, unsmtable, and 
stupid Hardly were the honeymoon festivities over in 
Aldersgate Street when her sisters and other relatives 
having returned to Forest Hill and Jeft her alone with her 
husband, she pmed for home again and begged to be 
allowed to go back on a visit Vilton consented, on the 
understanding that the visit was to bea brief one This 
seems to have been in July 1643 Soon, however, the 
intimation from Forest Hill was that he need not look 
ever to have his wife in his house again The resolution 
seems to have been mainly the girls own, abetted by her 
mother but, as the kings cause was then prospermg in 
the field, it 1s a fair conjecture that the whole of the 
Powell family had repented of their sudden connexion with 
so prominent a Parhamentanan and assailant of the Church 
of kngland as Vilton While his wife was away, his old 
father, who had been residing for three years with his 
younger and lawyer son at Reading, came to take up his 
quarters in Aldersgate Street 

Milton s conduct under the insult of his wifes desertion 
was most characteristic Always fearless and speculative, 
he converted his own cise into a public protest against the 
existing law and theory of marriage The Datrine and 
Diserplrne of Dworce Restored, to the qood ot both Sexes, was 
the title of a pamphlet put forth by him in August 1643, 
without his name, but with no effort at concealment, declar 
ing the notion of a sacramental sanctity in the marnage 
relation to be a clerically invented superstition, and arguing 
that mherent mcompatibility of character, or contranety 
of mind, between two married persons, 1s a perfectly just 
reason for divorce There was no reference to his own 
case, eacept by implication, but the boldness of the 
speculation roused attention and sent a shock through 
London It was a time when the authors of heresies of 
this sort, or of any sort, ran considerable nsks Tie 
famous Westminster Assembly of Divines, called by the 
Long Parhament, had met on the appointed day, July 1 
1643, the Scots, mm consenting to send an army into 
England to assist the parhament in thar war with the 
king, had proposed, as one of the conditions, their Solemn 
League and Covenant, binding the two nations to endeavour 
after a uniformity of religion and of ecclesitstical discipline, 
with the extirpation of all “heresy, schism, and profane- 
ness,” as well as popery and prelacy thc Solemn League and 
Covenant had been enthusiastically accepted in England, 
and was being sworn to universally by the Parliamentarians, 
and one ummediate effect was that sea gpaaek Scottish 
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divines and two Scottish lay commussioners were added to 
the Westminster Assembly and became leaders there 
Whether Miltons divorce tract was formally discussed in 
the Assembly during the first months of its sitting 1s 
unknown, but it 18 certain that the London clergy, 
meluding not a few members of the Assembly, were then 
talking about it privately with anger and execration 
That there mght be no obstacle to a more public prosecu 
tion Milton threw off the anonymous in a second and 
much enlarged edition of the tract, in February 1643-44, 
dedicated openly to the parlament and the Assembly 
Then, for a month or two, dung which the gossip about 
him and his monstrous doctrme was spreading more and 
more, he turned his attention to other subjects Among 
the questions in agitation in the general ferment of opinion 
brought about by the civil wai was that of a reform of 
the national system of education and especially of the 
universities To this question Vulton made a contribution 
in June 1644, ina small Tract on Education, m the form 
of a letter to Mr Samucl Harthb a German then resident 
in London and interesting himself busily in all philanthropic 
projects and schemes of social reform In the very next 
month, however, July 1644, he returned to the divorce 
subject in a pamphict addressed specially to the clergy 
and entitled Lhe Judyment of Martin Bucer concerning 
Duo e The outcry against him then reached its height 
He was attached in pamphlets, he was denounced in 
pulprts all throuzh London nd more than once m sermons 
befcre the two Houses of Parliament by prominent divines 
of the Westminster Assemlly strenuous efforts were made 
to bing him within definite parhamentary censure In 
the cabal formed against him for this purpose a leading 
part was playcd at the imstigation of the clergy, by the 
Stationers Company of Iondon That company represent 
ing the publishcrs and booksellers of London had a plea 
of their own against hin on the ground that his doctrine 
was not only unmoral but had been put forth in an illegal 
manner His first divorce treatise though published imme 
diately after the “Printmg Ordinance of the parliament 
of June 14, 1643, requirin, all publications to be licensed 
for press by one of the othcial censors, and to be registered 
in the books of the Stationers Company, had been issued 
without licence and without registration Complaint to 
this effect was made against Milton with some others liable 
to the same charge of contempt of the printing ordinance, 
mm @ petition of the Stationers to the House of Commons 
im August 1644 and the matter came before committee 
both in that House and in the Lords It 15 to this 
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£5, 
esecats a 0 eeeiakh te ce tun 
for the Inberty of Unk ensed Printing to the Parliament 
of England It appeared in the end of November 1644, 
deliberately unlicensed and unregistered as was pro} er 
on such an occasion, and was a remonstrance addressed 
to the parlament as if im an oration to them face 
to face, against their ordinance of June 1643 and the 
whole system of licensing and censorship of the press 
Nobly eulogistic of the parhament in other respects, it 
denounced tneir printins ordinance as utterly unworthy of 
them, and of the new e1a of Enzhsh liberties which they 
were initiating and called for its repeal Though that 
effect did not follow, the pamphlet virtually accomplished 
its purpose The licensing system had received its death 
blow, and, though the Stationers returned to the charge 
m another complaint to the House of Lords, Milton s 
offence against the press ordinance was condoned He was 
still assailed 1n pamphlets, and found himself “ina world of 
disesteem , but he livea on through the winter of 1644-45 
undisturbed m his house in Aldersgate Street To this 
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period there belong, in the snape of verse, only his sonnets 
ix and x, the first to some anonymous lady, and the 
second “to the Lady Margaret Ley,” with perhaps the 
Greek lines entitled Phtlosophus ad Regem Quendam. 
His divorce speculation, however, still occupied him; 
and in March 1644-45 he published simultaneously his 
Tetrachordon, or Exposttwns upon the four chref places of 
Scripture uhuh treat of Marrvage, and his Colasterion, a 
Reply to a nameless Answer against the Doctrine and 
Discipline of Dworce In these he rephed to his chief 
recent assaulants, lay and clerical, with merciless severity, 
It was not merely Multons intellectual eminence that 
had saved him from prosecution for his divorce heresy A 
new tendency of national opinion on the church question 
had operated in his favour, and in favour of all forms of 
free spe ulation There had &ccurred in the Westminster 
Assembly itself, and more largely throughout the general 
community, that spht of Enghsh Pumtanism into the two 
opposed varieties of Presbyterian'sm on the one hand and 
Independency or Congregationalism on the other which 
eiplains the whole subsequent history of the Puritan revo 
lution Out of this theoretical discussion as to the con 
ititution of the church there had grown the all important 
practical quest.on of toleration The Presbyterians insisted 
that the whole population of England should necessarily 
belong to the one national Presbyterian Church, be com 
pelled to attend its worship, and be subject to its discipline, 
while the Independents demanded that, 1f a Presbyterian 
Church should be set up as the national and state paid 
church, there should at least be hberty of dissent from 1t, 
and toleration for those that chose to form themselves 
unto separate congregations Vehement within the West 
minster Assembly itself, the controversy had attained 
wider dimensions out of doors, and had mwrought itself 
in a most remarkable manner with the conduct of the war 
Orthodox Presbyterian Calvinists were still the majority 
of the Puritan body , but, n the new atmosphere of liberty, 


| there had sprung up, from secret and long suppressed seeds 


im the English mind, a wonderful variety of sects and 
denominations, mingling other elements with their 
Calvinism, or hardly Calvinistic at all,—most of them, 1t 1s 
true, fervidly Biblical and Christian after their different 
sorts, but not a few professing the most coolly inquisitive 
and sceptical spirit, and pushing their speculations to 
strange extremes of free-thinking These sects, growing 
more and more numerous 1m the large towns, had become 
especially powerful in the Englsh Parhamentary army 
Ihat army had, in fact, become a marching academy of 
advanced opinionists and theological debaters Now, as all 
the new Puritan sects, differmg however much among 
themselves, saw their existence and the peipetuity of their 
tenets threatened by that system of ecclesiastical uniformity 
which the Presbyterians proposed to establish, they had, 
one and all, abjured Presbyteranism, and adopted the 
opposite principle of Independency, with it» appended 
principle of toleration Hence an extraordinary conflict 
of policies among those who seemed to be all Parliamen 
tariaos, all united im fighting against the king The 
auxihary Scottish army, which had come into England in 
January 1643-44, and had helped the Enghsh generals to 
beat the king 1n the great battle of Marston Moor in July 
1644, thought that he had then been almost sufficiently 
beaten, and that the object of the Solemn League and 
Covenant would be best attained by bringing him to such 
terms as should secure an immediate Presbyterian settle- 
ment and the suppression of the Independents and sectaries, 
In this the chief English commanders, such as Essex and 
Manchester, agreed substantially with the Scots Cromwell, 
on the other hand, who was now the recognized head of 
the army Independents, did not think that the king had 
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been sufficiently beaten, even for the general purposes of 
the war, and was resolved that the war should be pushed 
on to a point at which a Presbyterian settlement should be 
impossible without guarantees for hberty of conscience and 
& toleration of non Presbyterian sects 
part of 1644, accordingly, Milton had been saved from the 
penalties which his Presbyterian opponents would have 
inflicted on him by this general championship of hberty of 


opinion by Cromwell and the army Independents Before 


the middle of 1645 he, with others who were on the 
black books of the Presbyterians as heretics, was safer 
still Though the parhament had voted, i January 
1644-45, that the future national church of England should 
be on the Presbyterian system, Cromwell and the Inde 
pendents had taken care to have the question of tolera 
tion left open, and, within te next month or two, by 
Cromwell’s exertions, a completely new face was put upon 
the war by the removal of all the chief officers that had 
been in command hitherto, and the equipment of the 
New Model army, with Fairfax as 1ts commander in chief 
and Cromwell himself as lieutenant general The Scots 
and the stricter English Presbyterians looked on malignantly 
while this army took the field, calling 1t an “Army of 
Sectaries,” and almost hoping it would be beaten On 
June 14, 1645, however, there was fought the great battle 
of Naseby, utterly ruming the king at last, and leaving 
only relics of his forces here and there Miulton’s position 
then may be easily understood Though his first tendency 
on the church question had been to some form of a 
Presbyterian constitution for the church, he had parted 
utterly now from the Scots and Presbyterians, and become 
a partisan of Independency, having no dread of “sects and 
schisms,” but regarding them rather as healthy signs in 
the English body politic He was, indeed, himself one of 
the most noted sectames of the time, for im the lhsts of 
sects drawn out by contemporary Presbyterian writers 
special mention 1s made of one small sect who were known 
as Multomsts or Divorcers 

So far as Milton was concerned personally, his interest 
m the divorce speculation came to an end im July or 
Augu t 1645, when, by friendly interference, a reconcilia 
tion was effected between him and his wife The ruin of 
the king’s cause at Naseby had suggested to the Powell: 
that 1t might be as well for their daughter to go back to her 
husband after then two years of separation It was not, 
however, in the house in Aldersgate Street that she rejoined 
him, but in a larger house, which he had taken in the 
adjacent street called Barbican, for the accommodation of 
an increasing number of pupils 

The house in Baibican was tenanted by Vilton fiom 
about August 1645 to September or October 1647 Among 
his first occupations there must have been the revision of 
the proof sheets of the first edition of his collected poems 
It appeared as a tiny volume, copies of which are now very 
rare, with the title Poems of Mi John Milton, both English 
and Latvn, composed at several tunis The title page gives 
the date 1645, but January 1645-46 seem» to have been 
the exact month of the publication The appearance of 
the volume indicates that Milton may have been a little 
tired by this time of his notoriety as a prose polemic, and 
desirous of being recognized once more in his orginal 
character of literary man and poet But, whether becaus 
his pedagogic duties now engrossed him o1 for other reasons 
very few new pieces were added in the Baibican to those 
that the little volume had thus made pubic In English, 
there were only the four sonnets now numbered x1 —xiv , the 
first two entitled “On the Detraction which followed upon 
my writing certain Treatises,” the third “To Mr Henry 
Lawes on his Airs,” and the fourth “To the Relgious 
Memory of Mrs Catherine Thomson,” together with the 
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powerful anti Presbyterian invective or “tailed sonnet” 
entitled “On the New Forcers of Conscience under the 
Long Parhament”, and in Latin there were only the ode 
Ad Joannem Rousvum, the tmfle called Apologus de 
Rustwo et Hero, and one interesting Famiiar Epistle 
addressed to his Florentine fnend Carlo Dati Some 
‘amily incidents of importance, however, appertain to this 
time of residence in Barbican Oxford having surrendered 
to Fairfax in June 1646, the whole of the Powell family 
had to seek refuge in London, and most of them found 
shelter in Miltons house His first child, a daughter 
named Anne, was born there on the 29th of July that 
year, on the Ist of January 1646-47 his father in law Ms 
Powell died there, leaving his affairs in confusion, and in 
the following March his own father died there, at the age 
of eighty fou, and was buried in the adjacent church of St 
Giles, Cnpplegate For the rest, the two years in Barbican 
are nearly blank in Multons biography The great 
Revolution was still running its course for a time 
‘harles’s surrender of himself, in May 1646, to the auxilary 
Scottish army rather than to Fairfax and Cromwell, and 
his residence with that Scottish army at Newcastle in 
negotiation with the Scots, had given the Presbyterians 
the advantage , but, after the Scots had evacuated England 
m January 1646-47, leaving Charles a captive with his 
English subjects, and especially after the English army had 
seized him at Holmby in June 1647 and undertaken the 
further management of the treaty with him, the advantage 
was all the other way It was & satisfaction to Milton, 
and perhaps still a protection for him, that the “ Army of 
Independents and Sectanes ’ had come to be really the 
masters of England 
From Baibican Vilton 1emoved, in September or 
October 1647, to a smaller house in that part of High 
Holborn which adjoms Lincolns Inn Fields His Powell 
relatives had now left him, and he had reduced the 
number of his pupils, o1 perhaps kept only bis two 
nephews But, though thus more at leisure, he did not 
yet resume his projected poem, but occupied himself 
rather with three works of scholaily labour which he had 
already for some time had on hand One was the com 
pulation in English of a complete history of England, or 
rather of Great Britain, from the earliest times, another 
was the preparation in Latin of a complete system of 
divinity, drawn directly from the Bible, and the thud was 
the collection of mateials for a new Latin dictionary 
Milton had always a fondness for such labours of scholar 
ship and compilation Of a poetical kind there 15 nothing 
to record, during his residence in High Holboin, but an 
experiment in psalm tianslation, m the shape ot Palms 
xxx -lxxxvi done into service metre in Apiil 1648, and 
the Sonnet to Fatrfar, wiitten mm September ot the same 
year —This last connects him agin with the course of 
public affairs The hing, having escaped fiom the custody 
of the aimy chiefs, and taken retuge in the Isle of Wight, 
had been committed to closer custody there, all negotia 
tion between him and parliament had been declared at an 
end, and the result would probably have been his depos: 
tion, but for the consequences of a secret tieaty he had 
contiived to make with the Scots By this tieaty the 
Scots engaged to mvade England in the kings behalf, 
rescue him from the English parliament and army, and 
restore him to his full royalty, while he engaged in return 
to ratify the Covenant, the Presbyterian system of church 
government, and all the other conclusions ot the West: 
minster Assembly, throughoyt England, and to put 
down Independency and the sects Thus, in May 1648, 
began what 1s called the Second Civil Wai, consisting first 
of new nsings of the Royalists in various parts of England, 
and then of a conjunction of these with a great invasion 
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of England vy a Royahst Scottisn army, under the command 
of the duke of Hamilton It was all over in August 
1648, when the crushing defeat of the Scottish army by 
Cromwell in the three days’ battle of Preston, and the 
simultaneous suppression of the English Royalist insur 
rection in the south east counties by Fairfax’s siege and 
capture of Colchester, Icft Charles at the mercy of the 
victors — Milton s Sonnet to Tau fax was a congratulation 
to that general in chief of the parliament on his success at 
Colchester, and attested the exultation of the writer over 
the trumph of the Parliamentary cause His eaultation 
continued through what followed After one more dying 
effort of the parliamcnt at negotiation with Charles, the 
army took the whole business on itself The hing was 
brought from the Isle of Wight, the parliament, manipu 
lated by the army ofhcers, and purged of all members 
likely to impede the armys purpose, was converted into 
an instrument fo: that purpose, a court of high justice 
was set up for the trial of Charles, and on January 
30, 1645-49, he was biought to the scaffold in front of 
Whitehall By that act England became a republic, 
governed, without hing or House of Lords, by the persev er 
ing residue o1 “Rump” of the 1ecent House of Commons, 
in conjunction with an executive council of state, composed 
of forty one members appointed annually by that House 
The first Englishman of mark out of parliament to 
attach himself openly to the new republic was John 
Milton This he did by the publication of his pamphlet 
entitled Tenure of Kings and Magwti ates, provung that at 18 
lawful, and hath been held so w all ages, for any uho have the 
power, to call to account a Tyrant 0 wched Kung, and, 
after due connection, to depose and put him to death, if the 
ordinary Magistrate have neglected to do xt It was out 
within a fortnight after the hings death, and was Multon’s 
last performance in the house in High Holborn The chiefs 
of the new republic could not but perceive the importance 
of securing the services of a man who had so opportunely 
and so powerfully spoken out in favour of their tremendous 
act, and who was otherwise 20 distinguished In March 
1648-49, accordingly, Milton was offered, and accepted, the 
secretaryship for foreign tongues to the council of state 
of the new Commonwealth The salary was to be £288 a 
year, worth about £1000 a year now To be near his new 
duties in attendance on the council, which held its daily 
sittings for the first few weeks in Derby House, close to 
Whitehall, but afterwaids regularly m Whitehall itself, he 
removed at once to temporary lodgings at Charimg Cross 
In the very first meetings of council which Milton attended 
he must have made personal acquaintance with President 
Bradshaw, Fairfax, Cromwell himself, Sir Henry Vane, 
Whitlocke, Henry Marten, Hasilrig, Sir Gilbert Pickering, 
and the other chiefs of the council and the Commonwealth, 
if indeed he had not known some of them before Aftera 
httle while, for his greater convenience, official apartments 
were assigned him in Whitehall itself 
At the date of Malton» appoimtment to the secretaryship 
he was forty years of age His special duty was the 
drafting of such letters as were sent by the council of 
state, or sometimes by the Rump Parliament, to foreign 
states and princes, with the examination and translation 
of letters in reply, and with personal conferences, when 
necessary, with the agents of foreign powers m London, 
and with envoys and ambassadors As Latin was the 
language employed in the written diplomatic documents, 
his post came to be known indifferently as the secretaryship 
for foreign tongues or the Latin secretaryship In that 
post, however, his duties, more particularly at first, were 
very light in comparison with those of his official colleague, 
Mr Walter Frost, the ,eneral secretary Foreign powers 
held aloof from the English republic as much as they could, 
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and, while Mr Frost had to be present m every meeting of 
the council, keeping the minutes, and conducting all the 
general correspondence, Milton’s presence was required 
only when some piece of foreign business did turn up. 
Hence, from the first, his employment in very miscel- 
laneous work Especially, the council looked to him for 
everything in the nature of literary vigilance and literary 
help in the interests of the struggling Commonwealth He 
was employed in the examination of suspected papers, and 
in interviews with ther authors and printers, and he 
executed several great literary commissions expressly 
entrusted to him by the council The first of these was 
his pamphlet entitled Observations on Ormond’s Atiles of 
Peace with the Irish Rebels It was published m May 
1649, and was in defence of the republic against a 
complication of Royalist mtmgues and dangers 1n Ireland. 
A passage of remarkable interest 1n it 1s one of eloquent 
eulogy on Cromwell More important still was the 
Evkonoklastes (which may be translated “Image Smasher ”), 
published by Milton in October 1649, by way of 
counterblast to the famous Zkon Basilke (‘Royal 
Image”), which had been 1n circulation in thousands of 
copies since the king’s death, and had become a kind of 
Bible in all Royalist households, on the supposition that 1t 
had been written by the royal martyr himself A third 
piece of work was of a more laborious nature In the 
end of 1649 there appeared abroad, under the title of 
Defensio Regia pro Carolo I, a Latin vindication of the 
memory of Charles, with an attack on the Enghsh Com- 
monwealth, intended for circulation on the Continent As 
it had been written, at the mstance of the exiled royal 
family, by Salmasius, or Claude de Saumaise, of Leyden, 
then of enormous celebrity over Europe as the greatest 
scholar of his age, 1t was regarded as a serious blow to the 
infant Commonwealth To answer it was thought a task 
worthy of Milton, and he threw his whole strength into the 
performance through the year 1650, interrupting himself 
only by a new and enlarged edition of his Exkonoklastes, 
Not till April 1651 did the result appear , but then the suc- 
cess was prodigious Milton’s Latin Pro Populo Anglucano 
Defensio, as it was called, ran at once over the British 
Islands and the Continent, rousing acclamation everywhere, 
and received by scholars as an annihilation of the great 
Salmasius Through the rest of 1651 the observation was 
that the two agencies wluch had co operated most visibly 
in raising the reputation of the Commonwealth abroad 
were Milton’s books and Cromwell’s battles —These battles 
of Cromwell, in the service of the Commonwealth he had 
founded, had kept him absent from the council of state, 
of which he was still a member, since shortly after the 
beginning of Milton’s secretaryship For neaily a year he 
had been in Ireland, as lord heutenant, reconquerig that 
couatry after its long rebellion, and then, for another 
year, he had been im Scotland, crushing the Royalist 
commotion there round Charles IT, and annexing Scotland 
to the English republic The annexation was complete on 
the 3d of September 1651, when Cromwell, chasing 
Charles IT and his army out of Scotland, came up with 
them at Worcester and gained his crowning victory The 
Commonwealth then consisted of England, Ireland, and 
Scotland, and Cromwell was its supreme chief —Through 
the eventful year 1651, 1t has been recently ascertamed, 
Milton had added to the other duties of his secretaryship 
that of Government journalist Through the whole of that 
year, if not from an earlier period, he acted as licenser and 
superintending editor of the Mercurvus Polttwcus, a news- 
paper issued twice a week, of which Mr Marchamont 
Needham was the working editor and proprietor Milton’s 
hand 1s discernible in some of the leading articles 

About the end of 1651 Milton left his official rooms in 
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Whitehall for a house he had taken on the edge of St 
James's Park, m what was then called Petty France, 
Westminster, but 1s now York Street The house existed 
till the other day, but has been pulled down In Milton’s 
tame it was @ villa-looking residence, with a garden, m 
a neighbourhood of villas and gardens He had now 
more to do in the special work of his office, in consequence 
of the increase of correspondence with foreign powers 
But he had for some time been im ailing health, and a 
dimness of eyesight which had been growing upon him 
gradually for ten years had been setthng rapidly, since his 
labour over the answer to Salmastus, into total blindness 
Actually, before or about May 1652, when he was but in 
his forty fourth year, his blindness was total, and he could 
go about only with some one to lead him Hence a re 
arrangement of his secretarig] duties Such of these duties 
as he could perform at home, or by occasional visits to the 
Council Office near, he continued to perform but much of 
the routine work was done for him by assistants, one of 
them a well known German named Weckherlin, under the 
superintendence of Mr John Thurloe, who had succeeded 
Mr Walter Frost in the general secretaryship Precisely 
to this time of a lull in Maltons secretaryship on account 
of his ill health and blindness we have to refer his two 
great companion sonnets Jo the Lord General Cromwell 
and Jo Sur Henry Vane the Younger To about the same 
time, or more precisely to the mterval between May and 
September 1652, though the exact date 1s uncertain, we 
have to refer the death of his only son, who had been born 
1n his official Whitehall apartments in the March of the 
preceding year, and the death also of his wife, just after 
she had given birth to his third daughter, Deborah With 
the three children thus left him,—Anne, but sia years old, 
Mary, not four, and the infant Deborah,—the blind 
widower lived on in his house in Petty France in such 
desolation as can be imagined He had recovered suffici 
ently to resume his secretarial duties, and the total num 
ber of his dictated state letters for the single year 1652 
1s equal to that of all the state letters of his preceding 
term of secretaryship put together To the same year 
there belong also three of his Latin Familiar Epistles 
In December 1652 there was published Joannts Philip 
Angl. Responsio ad Apologiam Anonym Cuyusdam Tene 
brooms, being a reply by Malton’s younger nephew, John 
Philips, but touched up by Milton himself, to one of 
several pamphlets that had appeared against Milton for his 
slaughter of Salmastus The ablest and most scurrilous 
of these, which had just appeared anonymously at the 
Hague, with the title Regu Sangunis Clamor ad Colum 
adversus Parrverdas Anglicanos (“Cry of the Royal Blood 
to Heaven agamst the English Parricides ), Milton was 
reserving for his own attention at his leisure 

On the 20th of April 1653 there was Cromwells great 
act of armed interference by which he turned out the small 
remnant of the Rump Parhament, dismissed their council 
of state, and assumed the government of England, Ireland, 
and Scotland into his own hands For several months, 
indeed, he acted only as interim dictator, governing by a 
council of hus officers, and waiting for the conclusions of 
that select body of advisers which he had called together 
from all parts of the country, and which the Royalists 
nicknamed “The Barebones Parliament ’ In December 
1653, however, his formal sovereignty began under the 
name of the Protectorate, passing gradually to more than 
kingship This change from government by the Rump 
and its council to government by a single military Lord 
Protector and his council was regarded by many as treason 
to the republican cause, and divided those who had hitherto 
been the united Commonwealth’s men into the “ Pure Re- 
publicans ” represented by such men as Bradshaw and Vane, 
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and the “Oliverians,’ adhering to the Protector Milton, 
whose boundless admiration of Cromwell had shown itself 
already in his Insh tract of 1649 and in hus recent sonnet, 
was recognized as one of the Olivertans He remained in 
Olivers service and was his Latin secretary through the 
whole of the Protectorate Yor a while, indeed, his Latin 
letters to foreign states in Cromwell s name were but few,— 
Mr Thurloe, as general secretary, officiating as Oliver's 
right hand man in everything, with a Mr Philip Meadows 
under him, at a salary of £200 a year, as deputy for the 
blind Mr Milton im foreign correspondence and translations 

The reason for this temporary exemption of Milton from 
routine duty may have been that he was then engaged on 
an answer, by commission from the late Government, to 
the already mentioned pamphlet from the Hague entitled 
Regu Sanguns Clamor Salmasius was now dead, and 
the Commonwealth was too stable to suffer from such 
attacks, but no Royalist pamphlet had appeared so able 
or so venomous as this in continuation of the Salmasian 
controversy All the rather because 1t was in the main a 
libel on Milton himself did a reply from his pen seem 
necessary It came out nm May 1654, with the tatle 
Joanms Milton. Anglt pro Populo Anglwano Defensto 
Secunda (“Second Defence of John Milton, Englishman, 
for the People of England ) It 1s one of the most inter 

esting of all Viltons wntmgs The author of the libel to 
which it replied was Dr Peter du Moulin the younger, a 
naturalized French Presbyterian minister, then moving 
about in English society, close to Malton but, as that \ as 
a profound secret, and the work was universally attribu ed 
on the Contment to an Alexander Morus, a French 
minister of Scottish descent, then of much oratorical 
celebrity in Holland,—who had certainly managed the 
printing m consultation with the now deceased Salmasius, 
and had contributed some portion of the matter —Milton 
had made this Morus the responsible person and the one 
object of his castigations They were fiightful enough 

If Salmasius had been slaughtered in the former Defensvo, 
Morus was murdered and gashed in this Hw moral 
character was blasted by exposure of his antecedents, and 
he was blazoned abroad in Europe as a detected clencal 
blackguard The temific castigation of Morus, however, 
is but part of the Defensro Secunda It contains passages 
of singular autobiographical and historical value, and 
includes laudatory sketches of such emiment Common 
wealths men as Bradshaw, Faufax, Fleetwood, Lambert, 
and Overton, together with a long panegyric on Cromwell 
himself and his career, which remains to this day unap- 
proached for elaboration and grandeur by any estimate of 
Cromwell from any later pen From about the date of the 
publication of the Defensio Secundt to the beginning of 
1655 the only specially literary relics of Miltons hfe are 
his translations of Psalms 1-+1 1n different metres, done 
in August 1654, his translation of Hoiaces Ode 1 5, done 
probably about the same time, and two of ns Latin 
Famahar Epistles The most active time of his secretary- 
ship for Oliver was from Apml 1655 onwards In that 
month, in the course of a general revision of official salaries 
under the Protectorate, Miltons salary of £208 a year 
hitherto was reduced to £200 a year, with a hind of re- 
definition of his office, recogmzing It, We ma} Sav, as & 
Latin secretaryship extraordinary “Mr Philip Meadows 
was to continue to do all the ordmary Foreign Office work, 
under Thurloe’s mspection , but Milton was to be called 
mm on special occasions Hardly was the arrangement 
made when a signal occasion did occur In Vay 1655 all 
England was hornfied by the news of the massacre of the 
Vaudois Protestants by the troops of Emanuele II, duke 
of Savoy and prince of Piedmont in consequence of their 
disobedience to an edict requiring them either to leave 
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their native valleys or to conform to the Catholic religion 
Cromwell and his council took the matter up with all their 
energy , and the burst of indignant letters on the subject 
despatched in that month and the next to the duko of 
Savoy himself, Louis AIV of France, Cardinal Mazarin, the 
Swiss canvons, the States General of the Umted Provinces, 
and tho kings of Sweden and Denmark, were all by Milton 
His famous sonnet On the late Massacre in Predmont was 
his more pizvate expression of feeling on the same occasion 
This sonnet was in circulation, and the case of the Vaudois 
Protestants was still occupying Cromwell, when, in August 
1655, there appeared the last of Multons great Latin 
pamphlets It was lis Po Se Defensio, in answer to an 
elaborate self defence which Morus had put forth on the 
Continent since Milton s attack on his character, and 1t con 
sisted mainly of a 1e exposure of that unfortunate clergy 
man Thence, through the rest of Cromwell s Protectorate, 
Milton s life was of comprlatively calm tenor He was in 
much better health than usual, bearing his blindness with 
courage and cheerfulness , he was steadily busy with such 
more important despatches to foreign powers as the Pro- 
tectoi, then in the height of his great foreign policy, and 
regarded with fear and deference by all European monarchs 
and states from Gibraltar to the Baltic, chose to confide to 
him, and his house in Petty Fiance seems to have been, 
more than at any plevious time since the beginning of his 
blindness, a meeting place for fi1ends and visitors, and a 
scene of pleasant hospitalities The four sonnets now 
n mbered xix —\41, one of them to young Mr Lawrence, 
the son of the president of Cromwell s council, and two of 
the others to Cyriach Skinnei, belong to this time of domestic 
quiet, as do also no fewer than ten of his Latin [amiltar 
Epistles Hs second maiiiage belongs to the same years, 
and gleams even yet as thc too biief consummation of this 
happiest time in the bind mans hfe The name of his 
second wife was Katharine Woodcock He manied her 
on the 12th of November 166 but, after only fifteen 
months, he was aziin a widower by her death in childbirth 
in February 1657-vS The child dying with her, only the 
three daughters by the fist marmage remamed The 
touching sonnet which cloves the sees of Milton s Sonnets 
1s his sacred tribute to the memory on his second marriage 
and to the virtues of the wife he had so soon lost Even 
after that loss we find him still busy for Cromwell Mr 
Meadows having been sent off on diplomatic mussions, 
Andrew Wirvell had in Scptember 1607, been brought 1n, 
much to Viltons satisfaction as his assistant or colleague 
in the Latin secretaryship but this had by no means 
relieved him from duty Some of his greatest despatches 
for Cromwell, including letters, of the highest 1mportance, 
to Louis \IV , Mazaiim, and Charles Gustavus of Sweden 
belong to the year 1655 

One would lhe to know precisely in what personal 
relations Milton and Cromwell stood to each otber There 
ls, unfortunately, no direct record to show what Cromwell 
thought of Milton, but there 1s ample record of what 
Milton thought of Cromwell “Our chief of men,’ he 
had called Ciomwell in his sonnet of May 1652, and the 
opinion remamed unchanged He thought Cromwell the 
greatest and best man of his generation, or of many 
generations, and he regarded Cromwells assumption of 
the supreme power, and li retention of that power with a 
sovereign title, as no real suppression of the republic, but 
as absolutely necessaiy for the preservation of the republic, 
and for the safeguard of the British Islands against a 
return of the Stuarts Neverthviess, under this prodigious 
admiration of Cromwell, there wete political doubts and 
reserves Milton was so much of a modern radical of the 
extreme school m his own political views and sympathies 
that he cannot but have been vexed by the growing con 
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servatism of Cromwell’s poficy through his Protectorate To 
his grand panegyric on Oliver in tho Defenswo Secunda of 
1654 he had ventured to append cautions against self will, 
over legislation, and over policmg, and he cannot have 
thought that Oliver had been immaculate in these respects 
through the four subsequent years The attempt to revive 
an aristocracy and a House of Lords, on which Cromwell 
was latterly bent, cannot have been to Miulton’s taste 
Above all, Milton dissented 1 toto from Cromwell’s church 
policy It was Multon’s fixed idea, almost his deepest 
idea, that there should be no such thing as an Established 
Church, or state-paid clergy, of any sort or denomination or 
mixture of denominations, n any nation, and that, as it 
had been the connexion between church and state, begun 
by Constantine, that had vitiated Christianity in the world, 
and kept it vitiated, so Christianity would never flourish as 
it ought till there had been universal disestabishment and 
disendowment of the clergy, and the propagation of the 
gospel were left to the zeal of voluntary pastois, self sup 
ported, or supported modestly by their flocks He had at 
one time looked to Cromwell as the likeliest man to carry 
this great revolution m England But Cromwell, after 
much meditation on the subject m 1652 and 1653, had 
come to the opposite conclusion The conservation of the 
Established Church of England, in the form of a broad 
union of all evangelical denominations of Christians, whether 
Presbyterians, or Independents, or Baptists, or moderate 
Old Anglicans, that would accept state pay with state- 
control, had been the fundamental notion of his Protec 
torate, persevered n to the end This must have been 
Milton’s deepest disappointment with the Oliverian rule 
Cromwell s death on the 3d of September 1658 left the 
Piotectorship to lis son Richard Milton and Marvell 
continued 1n their posts, and a number of the Foreign Office 
letters of the new Protectorate were of Milton’s composition 
Thinking the time fit, he also put forth, in October 1658, a 
new edition of his Defensto Prima, and, early in 1659, 4 
new English pamphlet, entitled Zo eatese of Cul Power un 
Ecclesastucal Causes, ventilating those notions of his as to 
the separation of church and state which he had been 
obliged of late to keep to himself, To Richard’s 
Protectorate also belongs one of Miltons Latin Famlar 
Epvstles Meanwhile, though all had seemed quiet round 
Richard at first, the jealousies of the army officers left about 
him by Olver, and the conflict of political elements let 
loose by Oliver’s death, were preparing his downfall In 
May 1659 Richard’s Protectorate was at an end The 
country had returned with pleasure to what was called 
“the good old cause” of pure republicanism, and the 
government was in the hands of “the Restored Rump,” 
consisting of the reassembled remains of that Rump Parla 
ment which Cromwell had dissolved in 1653 To this 
change, as inevitable in the circumstances, or even promis 
ing, Milton adjusted himself The last of his known 
official performances in his Latin secretaryship are two 
letters in the name of Wilham Lenthall, as the speaker of 
the restored Rump, one to the king of Sweden and one to 
the king of Denmark, both dated May 15, 1659 Under 
the restored Rump, if ever, he seemed to have a chance for 
Ins notion of church-disestabhshment , and, accordingly, in 
August 1659, he put forth, with a prefatory address to that 
body, a large pamphlet entitled Considerations touching 
the Itkelrest means to remove Hurelings out of the Church 
The restored Rump had no time to attend to such matters 
They were in struggle for their own existence with the 
army chiefs, and the British Islands were in that state 
of hopeless confusion and anarchy which, after passing 
through a brief phase of attempted miltary government 
(October to December 1659), and a second revival of the 
purely republican or Rump government (December 1659 to 
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February 1659-60), issued in Monk’s march from Scotland, 
assumption of the dictatorship in London, and recall of all 
the survivors of the original Long Parliament to enlarge the 
Rump to due dimensions and assist him in further delibera 

tions Through all this anarchy the Royalist elements had 
been mustering themselves, and the drift to the restoration 
vf the Stuart dynasty, as the only possible or feasible con 

tlusion, had become apparent To prevent that issue, to 
argue against it and fight against it to the last, was the 
work to which Milton had then set himself His dis 

establishment notion and all his other notions had been 
thrown aside, the preservation of the republic in any form, 
and by any compromise of differences within itself, had 
become his one thought, and the study of practical means 
to this end his most anxious occupation In a Letter toa 
Friend concerning the Rupjures of the Commonwealth, 
written in October 1659, he had propounded a scheme of 
%, kind of dual government for reconciling the army chiefs 
with the Rump , through the following winter, marked only 
by two of Ins Latin Lumaiiar Eprstles, his anxiety over thu 
signs of the growimz enthusiasm throughout the country 
for the recall of Chailes If had risen to a kind of agony , 
and early in March 1659-60 his agony found vent in a 
pamphlet of the most passionate vehemence entitled The 
Ready and Easy Way to Lstablush a Ie Commonv ealth, 
und the Excellence thereot compared unth the Inronremences 
and Dangers of readnutting Kingehp wm this Natwon An 
abridgment of the practical substance of this pamphlet was 
addressed by him to Geneial Monk in a letter entitled The 
Present Means and Bret Delineation of a Free Common 

wealth Multon’s proposal was that the central governing 
apparatus of the British Islands for the future should con 

sist of one indissoluble Grand Council or parhament, w hich 
should include all the political chiefs, while there should 
be a large number of provincial councils or assemblies sitting 
in the great towns for the management of local and county 
affairs The scheme, so far as the public attended to it at all, 
was recelved with laughter the Royalist demonstrations were 
now fervid and tumultuous and it remaied only foi the new 
and full parliament of two Houses which had been sum 

moned under Monk s auspices, and which is now known as 
the Convention Parliament, to give effect to Monks secret 
determination and the universal popular desire Not even 
then would Milton be silent In Bref Notes on a late 
Sermon, published in April 1660, in reply toa Royalist dis 

course by a Dr Griffith, he made another protest against 
the recall of the Stuarts, even hinting that 1t would be 
better that Monk should become king himself , and in the 
same month he sent forth a second edition of his Ready 
and Easy Way, more frantically earnest than even the 
first, and contaming additional passages of the most violent 
denunciation of the royal family, and of prophecy of the 
degradation and disaste: they would bring bach with them 

This was the dying effort On the 25th of April the Con 

vention Parliament met, on the Ist of May they resolved 
unanimously that the government by King, Lords, and Com 

mons should be restored , and on the 29th of May Charles 
If made his triumphal entry mto London The chief 
republicans had by that time scattered themselves, and 
Milton was in hiding in an obscure part of the cit) 

How Milton escaped the scaffold at the Restoration 15 a 
mystery now, and was a mystery at the time Actually, 
in the ternble course through the two Houses of the Con 
vention Parliament of that Bill of Indemnity by which 
the fates of the surviving regicides and of so many 
others of the chief republican culprits were dete:mined, 
Milton was named for special pumshment It was voted 
by the Commons that he should be taken into custody by 
the sergeant-at-arms, for prosecution by the attorney- 
general on account of his Fihonoklastes and Defensw 
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Prima, and that all copies of those books should be called 
in and burnt by the hangman There was, however, some 
powerful combination of friendly influences in his favour, 
with Monk probably abetting At all events, on the 29th 
of August 1660, when the Indemmty Bull did come out 
complete, with the king’s assent, granting full pardon to 
all for their past offences, with the exception of about a 
hundred persons named in the bill itself for various degrees 
of punishment, thirty four of them for death and twenty- 
six for the highest penalty short of death, Milton did not 
appear as one of the exceptions on any ground or in any 
of the grades From that moment, therefore, he could 
emerge from his hiding, and go about asa freeman Not 
that he was yet absolutely safe During the next two 
or three months London was in excitement over the 
trials of such of the excepted regicides and others as had 
not succeeded in escaping abroad, and the hangings and 
quarterings of ten of them, there were several public 
burnings by the hangman at the same time of Multon’s 
condemned pamphlets, and the appearance of the blind 
man himself m the streets, though he was legally free, 
would have caused him to be mobbed and assaulted Nay, 
notwithstanding the Indemmty Bill, he was im some legal 
dangei to as late as Decembe: 1660 Though the special 
prosecution ordered against him by the Commons had been 
quashed by the subsequent Indemnity Bull, the sergeant-at- 
arms had taken him into custody Entries in the Com 
mons journals of December 17 and 19 show that Milton 
complained of the sergeant at arms for demanding exorbi 
tant fees for his release, and that the House arianged the 
matter 
Milton did not return to Petty France For the first 
months after he was free he lived as closely as possible in 
a house near what 1s now Red Lion Square, Holborn 
Thence he removed, apparently eaily in 1661, to a house 
in Jewin Street, in his old Aldersgate Street and Barbican 
neighbour hood 
| In Jewin Street Milton remaimed for two or three years, 
or fiom 1661 to 1664 They were the time of his deepest 
| degradation, that time of which he speaks when he tells 
us how, by the Divine help, he had been able to persevere 
undauntedly— 


* though fallen on evil days, 
On evil days though tillen and evil tongues, 
In darkness and with dangets compassed round, 


The “evil days” weie those of the Restoration in its 
first or Clarendonian stage, with its revenges and reactions, 
its return to high Episcopacy and suppression of every 
form of dissent and sectarianism, its new and shameless 
royal court, its open proclamation and practice of anta 
Puritanism in morals and in literature no less than m 
pohtics For the mam part of thi world of the Restora- 
tion Milton was now nothing more than an mfamous 
outcast, the detestable blind republican and regicide who 
had, by too great clemency, been left unhanged The 
friends that adheied to him still, and came to see him m 
Jewin Street, were few in number, and chiefly from the 
ranks of those nonconforming denominations, Independ 
ents, Baptists, or Quakers, who were themselves under 
similar obloquy Besides his two nephews, the faithful 
Andrew Marvell, Cyrnach Skinner, and some others of his 
former admirers, English or foreign, we hear chiefly of a 
Dr Nathan Paget, who was a physician m the Jewin 
Street neighbourhood, and of several young men who would 
drop in upon him by turns, partly to act as his amanuenses, 
and partly for the benefit of lessons from him,—one of them 
an interesting Quaker youth, named Thomas Ellwood 
With all this genume attachment to him of a select few, 
Milton could truly enough describe his onndition after 
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the Restoration as one of “solitude” Nor was this the 
worst His three daughters, on whom he ought now to 
have been able principally to depend, were his most serious 
domestic trouble ‘he poor motherless girls, the eldest in 
her seventecnth j ear in 1662, the second in her fifteenth, 
and the youngest in her eleventh, had grown up, in their 
father’s blindness and too great self absorption, ill looked- 
after and but poorly educated, and the result now 
appeared They “made nothing of neglecting him” , they 
rebelled against the drudgery of reading to him o1 other- 
wise attending on him, they “did combine together and 
eounsel his maid servant to cheat nim in her marketings” , 
they actually “had made away some of his books, and 
would have sold the rest” It was to remedy this horrible 
state of things that Multon consented to a third mar 
riage The wife found for him was Elizabeth Minshull, 
of a good Cheshire family, and a relative of Dr Pagets 
They wuc married on the 24th of February 1662-63, the 
wife being then only in her twenty fifth year, while Milton 
was in his fifty fifth She proved an excellent wife, and 
the Jewin Street household, though the daughters remained 
in it, must have been unde: better management from the 
time of hur entry into1t From that date Multon’s circum 
stances must have been more comfortable, and his thoughts 
about himself less abject, than they had been through the 
two preceding years, though his feeling im the main must 
have been still that of his own Samson — 
“Now blind dishcirtened shamed, dishonoured, quelled, 

To what can I be useful? wherem serve 

Mj nation, and the wok from heaven rmposed ? 

But to sit idle on the household hearth, 

A buidenous drone, to visitants a gaze, 

O1 pitied object 
That might be the appearance, but 1t was not the reality 
All the while of his seeming degradation he had found 
some solace in renewed industiy of various kinds among 
his books and tasks of scholarship, and all the while, moie 
particulaily, he had been building up his Paradise Lost 
He had begun the poem im earnest, we are told, in his 
house in Petty France, in the last year of Cromvells 
Protectorate, and then not i the dramatic form contem 
plated eighteen years before, but deliberately in the epic 
form He had made but little way when there came the 
interruption of the anarchy preceding the Restoration and 
of the Restoration itself , but the work had been resumed 
in Jewin Street and prosecuted there steadily, by dictations 
of twenty or thirty lines at a time to whatever friendly or 
hired amanuensis chanced to be at hand Considerable 
progress had been made in this way before his third 
marriage, and after that the work proceeded apace, his 
nephew Edward Phillips, who was then out in the world 
on his own account, looking in when he could to revise the 
growing manuscript 

It was not in the house m Jewin Street, hov zver, that 

Paradise Lost was finshed Not very long after the third 
marriage, probably in 1664, there was a removal to another 
house, with a garden, not far from Jewin Street, but ma 
more ptivate portion of the same suburb This, which 
was to be the last of all Miltons London residences, was 
in the part of the present Bunhill Row which faces the 
houses that conceal the London artillery ground and was 
then known as “ Artillery Walk, leading to Bunhuill Fields ” 
Here the poem was certainly finished before July 1665, 
for, when, 1n that month, Milton und his family, to avoid 
the Great Plague of London, then begmning its fearful 
ravages, went into temporary country quarters in a cottage 
in Chalfont St Giles, Buckinghamshire, about 23 miles 
from London, the finshed manuscript was taken with 
him, in probably more than one copy This we learn 
from his young Quak-r fmend, Thomas Ellwood, who had 
taken the cottage for him, and who was shown one of the 
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manuscript copies, and allowed to take it away with him 
for perusal, durmg Milton’s stay at Chalfont. Why the 
poem was not published 1mmediately after his return to his 
Bunhill house in London, on the cessation of the Great 
Plague, does not distinctly appear, but may be explained 
partly by the fact that the official licenser hesitated before 
granting the necessary wmprumatur to a book by a man of 
such notorious republican antecedents, and partly by the 
paralysis of all business in London by the Great Fire of Sep 
tember 1666 It was not till the 27th of April 1667 that 
Milton concluded an agreement with a publisher for the 
printing of his epic By the agreement of that date, stall 
extant, Milton sold to Samuel Simmons, printer, of Alders 
gate Street, London, for £5 down, the promuse of another £4 
after the sale of a first edition of thuteen hundred copies, 
and the further promise of two additional sums of £5 each 
after the sale of two more editions of the same size respec 
tively, all his copyright and commercial interest in Par adise 
Lost for ever It was as if an author now were to part 
with all his rights in a volume fo. £17, 10s down, and a 
contingency of £52, 103 more in three equal instalments 
The poem was duly entered by Simmons as ready 
for publication in the Stationeis’ Registers on the 20th of 
the following August, and shortly after that date 1t was out 
in London as a neatly printed small quarto, with the title 
Paradwe Lost A Poem written un Ten Books By John 
Milton The publishing price was 3s , equal to about 10s. 
6d now It 1s worth noting as an historical coicidence 
that the poem appeared just at the time of the fall and 
disgrace of Clarendon 

The effect of the publication of Paradise Lost upon 
Milton’s reputation can only be described adequately, as 
indeed 1t was consciously described by himself 1n metaphor, 
by his own words on Samsons feat of triumph over the 


Philistines — 
But he, though blind of sight, 
Despised, and thought extinguished quite 
With inward eyes luminated, 
His fiery virtue roused 
From under ashes into sudden flame, 
And as an evcning dragon came, 
Assillant on the perchcd roosts 
And nests in o1de1 1anged 
Of tame villatic fowl but as an eagle 
His cloudless thunden bolted on their heads” 


As the poem circulated and found readers, whether in 
the first copies sent forth by Simmons, or in subsequent 
copies issued between 1667 and 1669, with varied title 
pages, and the latest of them with a prefixed prose 
“ Argument,” the astonishment broke out everywhere 
“This man cuts us all out, and the ancients too” 1s tha 
saying attributed to Dryden on the occasion , and it 18 the 
more remarkable because the one objection to the poem 
which at first, we are told, “stumbled many” must have 
* stumbled” Dryden most of all Except in the drama, 
rhyme was then thought essential in anything professing 
to be a poem, blank verse was hardly regarded as verse at 
all, Dryden especially had been and was the champion of 
rhyme, contending for it even in the drama, and yet here 
was an epic not only written in blank verse, but declaring 
itself on that account to be “an example set, the first :n 
Enghsh, of ancient liberty recovered to heroic poem from 
the troublesome and modern bondage of rming” ‘That, 
notwithstanding this obvious blow struck by the poem at 
Dryden’s pet literary theory, he should have welcomed the 
poem so enthusiastically and proclaimed its ments 80 
emphatically, says much at once for his citical perception 
and for the generosity of his temper An opimon pro- 
claimed by the very chief of the Restoration literature 
could not but prevail among the contemporary scholars , 
ard, though execration of the blind and unhanged regicide 
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nad not ceased among the meaner critics, the general vote ' 
was that he had nobly redeemed himself One conse 
quence of his renewed celebrity was that visitors of all 
ranks again sought him out for the honour of his society 
and conversation His obscure house in Artillery Walk, 
Bunhill, we are told, became an attraction now, “much 
more than he did desire, for the learned notabilities of 
his time 

The year 1669, when the first edition of Paradise Lost 
had been completely sold out, and Milton had received his 
second £5 on account of it, may be taken as the time of 
the perfect recognition of his preeminence among the 
English poets of his generation He was then sixty years 
of age, and it 1s to about that year that the accounts that 
have come down to us of his pusonal appearance and 
habits in his later hfe principally refer They describe - 
him as to be seen every otl er day led about in the streets 
in the vicinity of his Bunhill residence, a slender figure, of 
middle stature or a little less, generally dressed in a grey 
cloak or overcoat, and wearing sometimes a small silver 
hilted sword, evidently in feeble health, but still look 
ing younger than he was, with his lightish hair, and his 
fair, rather than aged or pale, complexion He would sit 
in his garden at the door of his house, in warm weather, 
m the same kind of grey overcoat, “and so, as well as in 
his room, received the visits of people of distinguished 
parts, as well as quality’ Within doors he was usually 
dressed in neat black He was a very early riser, and 
very regular in the distribution of his day, spending the 
first part, to his midday dinnei, always in his own room, 
amid his books with an amanuensis to read for him and 
write to his dictation Music was always a chief part 
of his afternoon and evening relaxation, whether when he 
was by himself or when friends were with him His 
manner with friends and visitors was extremely courteous 
and affable, with just a shade of stateliness In free con 
versation, either at the midday dinner, when a friend or 
two happened, by rare accident, to be present, or more 
habitually in the evening and at the hght supper which 
concluded it, he was the life and soul of the company, 
from his “flow of subject and his “unrffected cheerful 
ness and civility, though with a marked tendency to the 
satirical and sarcastic in his ciiticisms of men and things 
This tendency to the sarcastic was connected by some of 
those who observed it with a peculiarity of his voice or 
pronunciation “He pionounced the letter 7 very hard 
Aubrey tells us, adding Diydens note on the subject 
“litera canina, the dog letter, a certain sign of a satirical 
wit He was extremely temperate in the use of wine or 
any strong hquots, at meals and at all other times, and 
when supper was ovei, about nine oclock, “he smoked his 
pipe and drank a glass of water, and went to bed He 
suffered much from gout, the effects of which had become 
apparent in a stiffening of his hands and finger joints, and 
the recurring attacks of which in its acute form were very 
painful His favourite pocts among the Greeks were 
Homer and the Tragedians, especially Ewipides , among 
the Latins, Virgil and Ovid, among the English, Spenser 
and Shakespeare Among his English contemporaries, he 
thought most highly of Cowley He had ceased to attend 
any church, belonged to no religious communion, and had 
no religious observances in his family His reasons for 
this weie a matter for curious surmise among his friends, 
because of the profoundly religious character of his own 
mind, but he does not seem ever to have furmshed the 
explanation The matter became of less mterest perhaps 
after 1669, when his three daughters ceased to reside with 
him, having been sent out, at considerable expense, “to 
learn some curious and ingenious sorts of manufacture that 
are proper for women to learn, particularly embroideries 
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in gold or silver” After that the househoid in Bunhill 
consisted only of Milton, his wife, a single maid servant, 
and the “man or amanuensis who came in for the day 

The remaming years of Miltons hfe, extending through 
that part of the reign of Charles II which figures in 
English history under the name of “The Cabal Admuinistra- 
tion,’ were by no means unproductive In 1669 he pub- 
lished, under the title of Accedence Commenced Grammar, a 
small English compcndium of Latin grammar that had 
been lying among his papers In 1670 there appeared, in 
a rather handsome form and with a prefixed portrait of 
him by Faithorne, done from the hfe and the best and 
most authentic that now ests, his History of Britain to 
the Norman Conquest, being all that he had been able to 
accomplish of his intended complete history of England 
In 1671 there followed his Paradise Regained and Samson 
Agonastes, bound together in one small volume, and giving 
ample proof that his poetic genius had not exhausted itself 
in the preceding great epic His only publication in 1672 
was a Latin digest of Ramust logic, entitled Artis Logue 
Plenvor Institutr», of no great value, and doubtless from 
an old manuscript of his earlier day» In 1673, at a 
moment when the growing political disconcent with the 
government of Charles II and the conduct of his court 
had burst forth in the special form of a ‘‘No-Popery” 
agitation and outcry, Milton ventured on the dangerous 
experiment of one more politi al pamphlet, in which, under 
the title Of Liue Reli pon Heresy Schism, Toler ation, and 
what best means may be used against the grouth of Popery, 
he put forth, with a view to popular acceptance, as mild 
a version as possible of his forme principles on the topics 
discussed In the same year appeared the second edition 
of his Winor Poems Thus we reach the year 1674, the 
last of Miltons hfe One imeident of that year was the 
publication of the second edition of Paradise Lost, with 
the poem rearranged as now into twelve books, instead of 
the original ten Anothe: was the publication of a small 
volume containing his Latin Epistole T'amilrares, together 
with the Prolusicnes Oratorie of his student days at 
Cambridge,—these last thrown 1n as a substitute for his 
Latin state letters in his secretaryship for the Common 
wealth and the Protectorate, the printing of which was 
stopped by order from the Foreizn Ofhce A third publica 
tion of the same yea, and probably the very last thing dic 
tated by Milton, was a tianslation of a Latin document from 
Poland relating to the recent election of the heroic John 
Sobieski to the thione of that kingdom, with the title A 
Declaratron or Letters Patents of the Election of this present 
Aung of Poland, John the Thnd It seems to have been 
out in London in August or September 1674 On the &th 
of the followmg November, bemg a Sunday Milton died, 
in his house in Bunhuill, of “gout struck in, or gout fever, 
at the age of sity five years and eleven month» He was 
buried, the next Thursday, m the church of St Giles, 
Cripplegate, beside aus father, 2 considerable concourse 
attending the funeral 


Before the Rest nition Milton what with his inheritance from 
his fither what wich the ¢ fhual in ome of lis J atin secretary ship, 
must have becn + man of very good meims indeed Since then, 
however, various heavy lesses and the cessation cf all official income, 
had grevtly reduced his estat. s> that he left ] ut £900 (worth about 
or over £2700 now) sides furmiture and household goods By 
a word of mouth will male im prescnce of his trother Christopher, 
he had bequeathed the whole to his widow on the giound that he 
had done enou,h already for los * undutiful dinghters 11d that 
there remuned for them his inteicst im their mothers mar 
portion of £1900 which hal never been paid but which ther 
1elatiyes, the Powells of Forcst Hill, w ie kgally Lound for, and 
Wele now mm cucumstances to make gor] ‘The daughters with 
tle Powells probably abetting themn went to liv with the widow 
to upset the will, and the de iion of the ccmt was that they 
should receive £100 cach Wath the £600 thus left, the widow, 
after some further stay in London, retned to \intwich in her 
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native Cheshire There, ted as a pious member of a local 
Baptist congregation, she lived till 1727, having survived her hus 
band fifty thie ycais By that time all the three daughters were 
also dead The eldest, Ann Milton who was somewhat deformed, 
had died not long after ht father, having muned ‘‘a master 
builder but left no 1ssue the second Mary Milton, had died, 
unmarried, before 1694 ind only the third, Deborah, survived as 
long as her stey mother Havin gone to Ireland, as companion 
to alily shortly before her fathers death, she had manued an 
Abraham Cluke, a silk weaver in Dubhn, with whom she returned 
to Ionlon about 1684, when they settled in the silk weaving 
business in Spitalfields, rather smking than 1sing in the world, 
though littuly some public attention was Heng to Deborah, b: 
Adlison anothers onhcr father saccount Que of her sons Calch 
Clukc had gene out to Madras in 1703, and had died there as 
‘nash clerk of Fort Georze 1m 1719, leaving childien, of whom 
there are some fait traces to as late as 1727, the year of Deborah s 
deith Tvecpt for the possibility of further and untried descent 
from this In liin grandson of Milton the direct descent from him 
cume to in cnlin his grinilaughter Lhizbeth Clake, another 
of Deborahs children Hiving mained a Thomas Foster, a 
Spitalficlds weaver but wfterwu is s t up a small chandler s shop, 
frst in Hollow2y and then 1n Shoreditch, she died ot Ishugton in 
1754 not long after she and her husband hid received the proceeds 
of a performince of Comus got up by Dr Johnson foi hei benefit 
All her clutlien had yreleccased her, lewwing no issue —Milton s 
brothe: Chiisto; her who hal alwiys teen on the oj posite side in 
wlitics,1 6c to the questionable honom of 2 judgeship and knight 
fol in the litter part of the reign of James II He had then 
become 1 Roman Catholic, —which religion he professed till his 
death in 1etucement at Ipswich in 1692 Descendants fiom him 
are tricealle a good way into the 18th century —Miltons two 
nephews ani puyils Edward wd John Phillips, both of them known 
as busy anl clever hack authors before then uncles death, continu d 
the cireer «f hack authorship most imdustriously and variously 
though not very prosperously through the rest of their lives Edwu | 
in a mole reputeble manne: than John, and with more of cnduun, 
allenance to the memory of his uncle Edward died about 169» 
John was alive till 1706 = Their half sister, Ann Agar the only 
daughter of Miltons sister by her second husband, had manied 
in 1673, a David Moore, of Saves House Cheitsey , and it has so 
happened that the most flourishing of all the lines of descent from 
the poet s fither 1s in this Aja Moote branch of the Miltons 

Of mass s of manuscript that lial been left by Milton, some portions 
saw the light posthumously Prevented in the last year of his 
hife as has Leen mentioned, from } ublis] ing his Latin State Letters 
in the same volume with his Latin Zamuliar Epistles, he had com 
mitted the chage of the State Letters, y1epredfor the press together 
with the complete! manuscript of his Latin 7reatise of Christian 
Doctiine to 1 young Cambridge scholu, Damiel Skinner, who had 
been among the last of his amanuenses, and had, in fact, been 
employed by him specially in copying out and arranging those two 
mpoitant MSS Neaotiations were on foot, after Milton s death, 
between this Danicl Skinner and the Amsterdam printer, Damel 
Elzevir forthe publication of both MSS , when the English Govern 
ment interfered anil the MSS were sent back by Elzevir, and 
thrown aside, as dangerous rubbish, in a cupboard in the State 
Paper Office Meanwlule in 1676, a London bookstller, named 
Pitt who hid somebow got ity his possession a less perfect Lut 
still toler bly complete, coyy of the State Letters, hal brought 
out a surreptitious edition of them under the title Litera Pseudo 
Senatus Anglican, necnon Crowell, nomine et gussu conscript: 
No other posthumous publication of Milton s appeared till 1681, 
when another bookseller put forth a slight tract entitled Afr 
John Milton s Character of the Long Parliament and Assembly of 
Dirines, consisting of a page or two, of rather dubious authen 
ticity said to have been withheld from his History of Britain in 
the edition of 1670 In 1682 appeared 4 Brief History of Moscorra 
and of other less known Countries lying castuard of Jussia as 
far as Cathay undoubtedly Maltons, and a specimcn of those 
prose omy ilations with which he sometimes ccenyied his leisure 
Of the fite of his collections for a new Latin Dieta nary which had 
swelled to three folio volumes of MS, all that 1s known 1 that, 
after having been uscd by Edward Phillips for some of has pedagogic 
books, they cime into the hands of a committee of Cunbeilge 
scholars and were use 1 for that Latin dictionary of 1693 called The 
Cambridge Dutionary, on which Aimsworths Dictionary and all 
subsequent Latin dictionarics of English manufacture have been 
based In 1698 there was pul lished in three folio volumcs under 
the editorship of John Toland the first collective edition of Milton s 
prose works, professing to have been y mted at Amsterdam though 
really printed in London A very interesting foliy volume pu 
lished in 1743 by “John Nickolls, junio. under the title of 
Original Lsiters and Papers of State addressed to Oliver Cromuell 
consists of a number of intimate Cromwellian documents that had 
semehow eome into Milton’s possession immediately after Cromwell s 
death, and were left by him confidentially to the Quaker Ellwood, 
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Finally, a chance search in the London State Paper Office in 1828 
having discovered the long lost parcel contamming the MSS of Mil- 
ton s Latin State Letters and his Latin Treatise of Christian Doctrine, 
as these had been sent back from Amsterdam a hundred and fifty 
years before, the Z'reatzse on Christian Doctrine was, by the command 
of George IV, edited and published im 1825 by the Rev C R 
Sumner, keeper of the Royal Library, and afterwards bishop of 
Winchester, undkr the title of Joanars Milton: Angle De Doctrina 
Christiana Libre Duo Posthumt An English translation, by the 
editor, was published in the same j ear 
Information, rather than criticism, has seemed proper in such 
an article asthe present What little of closing remark 1s necessary 
will best connect itself with the obvious fact of the division of 
Milton s literary life to thiee almost mechanically distinct periods, 
viz —(1) the time of his youth and minor poems, (2) Ins middle 
twenty years of prose polemics, and (3) the time of his later Muse 
and gieater pocms 
Had Milton died in 1640, when he was 1n his thnty second yerr, 
and had his lite: uy remaims been then collected, he would have 
been remembered as one of the best Latinists of his geneiation and 
one of the most exquisite of mino: Euglish poets In the latter 
chaiacter, more yaiticululy, he would have taken his place as one 
of that interesting gioup o1 series of English poets coming in the 
next forty ycars alter Spenser, who, because they all acknowledged 
a filial relationship to Spenser, may be called collectively ‘The 
Spenserians In this group or seiies, counting in it such other true 
oets of the reigns of James J and Chailes I as Phineas and Gile 
letcher, William Browne, and Drummond of Hawthornden, Milton 
would have been entitled, by the small collection of pieces he had 
left, and which would have included Ins Ode on the Natwity, his 
L Allegro and Il Penseroso, his Comus, and his Lycidas, to sa 
tion as indubitably the very highest ani finest There was in him 
that pecuhar Spenserian somcthing which might be regaided as the 
} oetic faculty in its essence, with a closeness aud perfection of verbal 
finish not to be found in the other Spenseriins, or even in the 
master himself A very discerning citic meat have gone deeper, 
aswecan now Few 1 the pieces were, and owning discipleship 
to Spenser as the author aud: he was a Spensenan with + differ- 
ence belonging to his own constitution,—which prophesied, aud 
indeed alieady exhibited, the passage of English poetry out of 
the Spensenan into a hind that might be called the Miltonic. 
This Miltonic something, distinguishing the new poet from other 
Spenserians, was more than mere perfection of litcrary hnish It con~ 
sisted in an avowed consciousness already of the +s magna sonitu- 
rum, ‘the mouth formed for gieat utterances, tht consciousness 
resting on a peculiat substratum of personal character that had 
occasioned a new theory of literature ‘‘He who would not be 
frustrate of his hope to write well hereafter on laudable things ought 
himself to be a true poem = was Milton own memorable expression 
afterwards of the principle that had taken possession of him from his 
earliest days, and this principle of moial manliness as the true 
foundation of high literary effort, of the extricable identity of all 
literary productions in kind, and their coequality in woth, with 
the personality in which they have their origin, mght have been 
detected, in more or less definite shape, 1m all or most of the minor 
poems It 1s a specific form of that general Platonic doctrine of the 
invincibility of virtue which runs t rong his Comus, and which 
1s summed up in the Miltonic motto of the closing lines — 
“Mortals that would follow me 
Love Virtue she alone is fice 
She can teach ye how to climb 
Higher than the sphery chime , 
Or, if Virtue feeble were 
Heaven itself would stoop to het 
That a youth and early manhood of such poetical promise should 
have been succeeded by twenty years of all but imcessint prose 
polemics has been a matter of regret with many hat should 
the author of Comus and Lycidas, instead of keeping to the poetic 
craft, have employed himself for twenty years in the drudgery and 
turmoil of prose pamphleteering on questions of church and state, 
with nothing 1n verse to glitter across the long morass but a slight 
chain of biographical and historical sonnets? Surely this 1s a 
most shallow and most unmasculine yudgment Is nothing due to 
Malton s own explanation of the reasons that drew him, at the 
beginning of the English Revolution, out of his literary projects and 
dreamings, into active paitisanship with the cause which his reason 
favoured? Hear what he says would have been the reproach of his 
own conscience to him, evening and morning if he had abstamed 
from such partasanship and persisted in his poetic privacy ‘‘ Ease 
and leisure was se thee foi thy rctired thoughts out of the sweat 
of other men Thou hadst the diligence, the parts, the language 
of a man, 1f a vain subject were to be adorned or beautified, but, 
when the cause of God and His charch was to be pleaded, for which 
puwe that tongue was given thee which thou hast, God listened 
if He could hear thy voice among His zeasous servants, but thou 
wert dumb as a beast from henceforward d¢ that which thine own 
brutish silence hath madethee ” Or, 1f this should bein too high a 
str-in for the ordinary modern apprehension, may not one ask, more 
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simply, whether such controversial work as Milton did plunge 
into, and persevere in for twenty years, was unworthy, vfter all, of 
him or his powers? Do not hundreds of men, accounted among 
the ablest 1n the world, spend then lives precisely in such work 
of controversy on contemporary questions anl ire not -ome of 
the men of noblest reputation in the worlds history remembered 
for nothing else? If Burke, whose whole public cireet consisted 
In & succession of speeches and pamphlets, 1s loohed back upon 
as one of the greatest men of his century on their account, why 
should there be such regret over the fact that Milton, after having 
been the author of Comus and Lycidas, became for a time the prose 
orator of Ais eulier and more tumultuous generation? The truth 1s 
that 1t 1s not his exchange of poetry for prose o1itory that 1s 
objected to, so much as the nature of his prose oratory the side he 
took, the opinions he advocated English scholarship and English 
literary criticism have not yet sufficiently recovered fiom that 
inherited sycophancy to the Restoration which has covered with a 
cloud the preceding twenty years of the ‘Great Rebellion, voting 
that period of English history to be umespectable and all its 
henomena of Presbyterianism, th® Solemn League and Covenant 
ndependency, the sects, English republicanism &c to be matters 
of obsolete jaigon, less worthy of attention than 1 Roman agranan 
law or the names of Horace’s mistresses When this unscholarly 
state of temper has passed, there will be less disposition to distin 
zh between Milton as the poet and Milton as the prose writer 
ile some rand recognize, with the avidity of assent and partisan- 
ship, the fact that there are i Maltons prose writings notions of 
much value and consequence that have not yet been absorbed mto 
the English political mind, there will be a general agreement at least 
as to the importance of those pamphlets historically It will be 
perceived that he was not only the greatest pamyhleteer of his 
generation, head and shoulders above the rest, but .lso that there 
is no life of that time, not even Cromwell s, in which the history 
of the great Revolution in its successive phascs, so far as the deep 
underlying ideas and speculations were concerned, may be more 
intimately and instruotively studied than m Miltons Then on 
merely literary grounds, what an interest in those prose remains ! 
Not only of his A? copagitica, admued now so unreservedly because 
its main doctrine has become axiomatic, but of most of his other 
poe even those the doctiine of which 1s least popular, 1t may 
e said contilently that they answer to his own definition of ‘a 
good bo kh = by containing somehow ‘the precious life blood of a 
mastei-spint ’ From the entire series there might he 4 collection 
of specimens unequalled anywhere else, of the crpabilities of that 
older, grander and more elaborite English prose of which the 
Elizabethans and their 1mmcdiate successors were not ashamed, 
though it has fallen into disrepute now in comparison with the 
easier and nimbler prose which came in with Dryden Nor will 
readers of Multon’s pamphlets con inue to accept the hacknevcd 
observation thit his genius was destitute of humour Though Ins 
prevailing mood was the severely ernest, there are i in his 
prose writings, both English and Latin, of the most laughable 
irony, reaching sometimes to outrageous farce and some of them 
as worthy of the name of humour as anything in Swift Here, 
however, we touch on what 1s the worst feature in some of the prose 
pamphlets,—their measureless ferocity, their boundless licence in 
rsonal scuruilty With all allowance for the old custom of those 
ys, when controversy was far move of a life and death business 
than 1t 1s now, as well as for the imtzinsic soundness of Milton’s 
rule of always discerning the man behind the book, 1t 13 impossible 
for the most tolerant of modern readers to eacuse Milton in this 
a to the full extent of his delinquencies 
ile 1f 18 Wrong to 1eg@ud Miltons middle twenty years of 
prose polemics as a degi dation of his genius, and while the fairer 
contention might be that the youthful poet of Comus and Lycidas 
actually | paar ae himself, and became @ more powerful agency 1n 
the world and s more sagan Ss 1n 1t for ever, by consent- 
ing to lay aside his ‘ a robes” and spend a portion of his life 
in great prose oratory, who does not e.ult in the fact that such a 
hife was rounded off so miraculonsly at the close by a final stage of 
compulsory calm, when the ‘singing robes’ could be resumed and 
Paradise Lost, Paradise Regained, and Samson Agonist + could 1ssue 
in succession from the blind mans chamber? Of these three 
ms, and what they reveal of Milton, no need here to speth at 
h, Paradise Fost is one of the few monumental works of the 
world, with nothing in modein epic literature comparable to it 
except the gieit poem of Dante t 
who penetiate beneath the beauties of the merely terrestrial portion 
of the story, and who recognize the cohcrence and the splendour of 
that vast symbolic phantasmagory by which through the wars in 
heaven and the subsequent revenge of the expelled aichangel, it 
nts forth the connexion of the whole visible umverse of human 
cognizance and history with the a pre existing, and still 
environing world of the eternal and inconceivable To this great 
c Paradsse Regained 18 2 sequel, and 1¢ ought to be rvad as such 
e legend that Milton preferred the shorter epic to the larger 1s 
quite incorrect. All that 1s authentic on the subject is the state- 
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ment by Edward Phillips that, when it was reported to his uncle 
that the shorter epic was ‘‘ generally censured to be much inferior 
to the other,” he “could not hear with patience any such thing ” 
The best critical judgment now confirms Milton s own, and pro- 
nounces Paradise Regained to be not only, within the possibilities 
of its bricfer theme, a worthy sequel to Paradise Lost, but also one 
of the most edifying and artistically perfect poems in any language 
Finally, the poem in which Milton Pade farewell to the Muse, and 
in which he reverted to the dramatic form, proves that to the very 
end his nght hand had lost none of its power or cunning Samson 
Agonistes 13 the most powerful drama in our language after the 
scvere Gierk model, and it has the additional interest of being so 
contiived that, without strain at any one point, or in any one par- 
ticular, of the strictly objective mcidents of the Biblical story 
which 1t enshrines, 1t 1s yet the pocts own epitaph and his com 
densed autobiography All in all, now that those three great 
poems of Milton’s later life have drawn permanently into their 
compiny the beautiful and more simple performances of his youth 
and euly mannood, so that we have all his English poetry under 
view it once, the result has been that this man, who would have 
had to be remembered independently as the type of Fnglish mogna- 
nimity and political courage, 1s laurelled also as the sur1eme poet 
of his nation, with the single exception of Shakesy ev1e 

Much hight 1s thrown upon Milton s mind in his later life, and 
even upon the poems of that penod, by his posthumous Latin 
Treatise of Christian Doctrine It differs from all his other prose 
writings of any impoitance in being cool, abstract, and didactic 
Professing to be a system of divinity derived directly from the Buble, 
1t 1s really an exposition of Milton s metaphysics and of his 1easoned 
opinions on all questions of paroepyy: ethics, and politics The 
general effect 1s to show thit though he 1s mghtly regarded as the 
very genius of English Puritanism, its representative poet and 
idealist, yet he was not 1 Puritan of what may be called the first 
wave, or that wave of Calvimstic orthodoxy which broke in upon 
the absolutism of Charles and Laud, and set the English Revolu- 
tion agoing He belonged distinctly to that larger and more per- 
sistent wave of Purtanism which, passing on through Inde- 
pendency, inclu ied at len th an endless vanety of sects, many of 
them ritionalistic and free thinking 1m the extreme till, checked 
by the straits of the Restoration, it had ¢o contract its volume for 
a while, and to 1eappear, so far as it could reappear at all, in the 
new and milde: guise of what has ever since been hnown as English 
Liberalism For e\ample the treatise shows that Milton in his 
later life was not an orthodox Trinitarian but an anti Tnnitanan 
of that high Arian order, counting Sir Isarc Newton among its 
subsequent English adherents, which denied the coessentiality or 
coequality of Christ with absolute Deity but regarded him as clothed 
with 9 certain deri tive divimity of a high and unfathomable hind 
It shows him also to have been Armimian, rather than Calvinistic, 
in his views of free will and predestination It shows him to 
have been no Sabhatarionn lke the Pumntans of the first weve, 
but most strenuously anti Sibbitaiuan Indeed 01 © of its doctrines 
is that the Decalogue 1s no longer the standard of human morality, 
and that Christian liburty1s not to be bounded by its prohibitions 
or by any sacerdotal code of ethics founded on these Hence, in 
the treatise, not only a repetition of Miltons views on the mar- 
riage subject and of other peculiar tenets ot his that hid leen set 
forth in his pom a a but some curious and minute novelties of 
opinion besides By far the most important revelation of the 
treatise, however, consists in the very definite statement 1t makes 
of Milton’s metaphysical creed and of the connexion of that creed 
in his mind with the revealed theology of Christianity While, 
ontologically, he starts trom a pute spiritualistx. theism, or from 
the notion of one infinite and ete:nal Spint 1s the self subsisting 
God and author of all being, cosmologically his svstem 1s that 
of a panthe stic matenalism, which conceives all the present uni 
verse, all that we call creation, as consisting of diverse modifications, 
inanimate or animate, of one primal matter, which was omginally 
nothing else than an efflux oi emanation fiom the very substance 
of God Angels and men, no less than the brute world and the 
things we call lifeless, are formations from this one original matter, 
only im Ingher degrees and endowed with soul and free will 
Hence any radxal distinction between matter and spit, body and 
soul, 18, Milton holds, fallacious The soul of man he holds 1s 
not something distinct from the body of man and capable of existing 
apart, but 1s actually bound up with the bodily organism There 
fore, when the body dies, the soul dies also, and the whole man 
ceases toexist The immortality revcaled in Scripture 1s, therefore, 
not a continued eustence of the soul in an immatenal condition 
immediately after death, but a miraculous revival of the whole man, 
soul and body together, at the resurrection, after an intermediate 
sleep In such a resurrection, with a final judgment, a reign of 
Christ, and a glorification of the samts in a new heaven and a new 
earth, Milton declares his absolute belief But, indeed, throughout 
the treatise, with all its differences from the orthodox interpreta- 
tions of the Bible, nothing 1s more remarkable than the profound. 
ness of the reverence avowed for the Bible itsel€ The very intial 
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principle of the treatise 1s that, as the Bible 1s a revelation from 
God of things that man gould not have found out for himself, 

that the Bible says on an) matte: 1s to be accepted implicitly, in 
the plain sense of the words, and without sophistication, however 
strange it may seem to the natural human rcason Hence, 2n all 
those essentials of Chiistiamity which consist in the doctrines of 
the fall of man atonement by Christ, and restoration and sanctufica 
tion throngh Christ only Malton 1s at one with the great body of 
Chiistius Altogethcr, what the trertise makes clear 1s that, while 
Malton was a most furvid therst and a genuie Christian, believing in 
the Bill, m1 valuing the Bille ovei all the other books 1n the 
worl! he wis at the same time one of the most intrepid of Enghsh 


thinkers and thcologi ius 

For fuit! er info mition rcfercnce may be made to Masson s Life of Malton 
aidiiust ryofhs Te e Cy Is (189 8 ) and to 113 edit: ns of Mil ons f oefecal 
Horks(Carbilec litt niney Is 18 4 an] smilie: 8x1 ed 1882) as well as 
to Todis vai¢ um cdition cf the J oettcal Works with Life (5th cd 1802) to 
Keghtl ys Lf Ogent ns and Writings of Miltor (18 ») te Aftlion und Setne 
Zet bv Alf ciSten 18 4 7)) anite Ma Mak li tis ns Milton im Mr Moiley s 
acrics f Jugs! W tus Collect: e editic s of the pi) se works since that 
of 1698 ire Sy nronss (7 Is 1506) Tichcungs with Lrfe by Mitford (8 vols 
pos andy iset peth 1 18 1) urd St J hns in Bohns Standai 1 Libiary (5 
vols 1844 °) Ilis] stnclud 3 a revs deditio cf Bshcp Simne?s transla 
tion of the 7 cals eof 4 tian Do trene onginally published in 182) (D MA) 


MILWAUKEE, the largest city m the State of 
Wisconsin, United States, 1s situated on the west shore of 
Lake Michigan, 100 miles north of its southern end, 80 
miles north of Chicago, and 1000 miles north west of New 
York by rail, in 43° 3 N lat, 87° 56 W long (44 min 
W of Washington) The shore of the lake 1s 600 feet 
above the level of the sea 

The Milwaukee and Menomonee rivers unite in the 
centre of the business portion of the city, about half a 
mule from. their entrance to Lake Michigan, where they are 
joined by a third and smaller stream—the Kinnikinnic 
A bay 6 miles from cape to cape, and 3 mules broad, 
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stretches in front of the city, wmch commands a fine water 
view, the ground rising along the shore 80 feet above the 
level of the lake, then gradually sloping westward to the 
Milwaukee river, and again rising on the west and north 
to a height of 125 feet The ground also mses to a com 
manding elevation sou+h of the valley of the Menomonee 
Few cities present so many natural attractions of site, 
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as indeed its Indian name indicates (“the beautiful hollow 
or bay”), and art has added to nature In the residence 
parts of the city there are miles of avenues from 70 to 100 
feet wide, lmed on both sides with elms and maples, be 
hind which stand handsome houses with spacious lawns, 
fountains, and evergreens, giving the appearance of @ con 
tinuous park The material used for building 1s largely 
the cream coloured brick made m the vicimty, from which 
Milwaukee 1s sometimes called the “Cream City” The 
chmate, tempered by the great lake, 1s remarkably pleasant 
and healthy The mean temperature, as shown by the 
records of twenty years, is 46°7 Fahr The coldest 
month 1s January (average 22°37), the hottest July 
(70° 4)1 During the last nme years the average death- 
rate has been but 20 per 1000, showimg it to be one of the 
healthiest of American citres Besides a full complement 
of the usual religious and charitable mmstitutions, there 1s 
adjoming the city the national home for disabled Umited 
States volunteer soldiers, consistmg of several buildings 
situated in grounds of 400 acres extent, which serve the 
purpose of a city park There are numerous lodges be- 
longing to the freemasons and other guilds, and the Turners’ 
societies, which embrace a large membership and own some 
valuable buildings, have done much to create and keep up 
the practice of athletic exercises among the citizens Two 
excellent musical societies are also established here 

Before the year 1835 Muwaukee was known only as 
an Indian trading post occupied by a Frenchman named 
Solomon Juneau, who 1s generally spoken of as the founder 
of the city The total habitants nm 1838 numbered only 
700, in 1840 there were 1712 but in 1846 the popula- 
tion amounted to 9666, in 1850 to 20,061, m 1855 to 
30,118, n 1860 to 45,246, in 1870 to 71,440, and in 1880 
to 115,578 (57,475 males, 58,103 females) In 1882 the 
population was estimated at 130,000,—more than one 
half of them of foreign parentage, a very large majority 
being Germans Notwithstanding the multitude of nation 
alities represented in the population, there are few cities 
more orderly and law abiding, the number of police 
employed bemg less than one for every 1500 inhabitants, 
Another feature worthy of mention 1s the large proportion 
of familes who own their own houses, and this is true not 
only as to the mercantile and professional classes, but 
especially as to the labouring population Although the 
grain trade, formerly very large here, has now greatly 
diminished, the growth and prosperity of the city have not 
materially suffered, owing to the development of manu 
facturing industries, for which the low rents, healthy climate, 
and advantageous location make it well adapted Abouta 
sixth of the population are engaged in the manufacture of 
clothing, cigars, cooperage, leather, bricks, sashes, doors, and 
blinds, machinery, and flour (of which one mullion of barrels 
are annually made), and in meat packing Milwaukee has 
become famous for its “lager beer,” of which there are one 
million of barrels annually produced, valued at $8,000,000. 
The lake commerce 1s very large ‘The tonnage entered 
and cleared in 1880 was 5,322,373 tons, being about as 
large as that of Baltamore, Boston, or Philadelphia The 
Wisconsin Central, the Milwaukee and Lake Shore, the 
Milwaukee and Northern, and the Chicago, Milwaukee, 
and St Paul Railways have their head offices here, and 
the last named, owning 4000 mules of hnes, has immense 
workshops in the Menomonee valley near the eity 

Milwaukee 1s governed by a mayor and a common 
council of thirty nine aldermen The streets and public 
buildings are under the charge of the board of public works, 


1The monthly averages for twenty years are —January, 22° 37; 
February, 25°18, March, 33°35, Apnl, 43°94, May, 53° 75; 
June, 64° 89, July, 70°04, August, 67° 89, September, 61° 68, 
October, 48°48, November 36° 27 , December, 25° 58 
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composed of three commissioners and the city engineer, all 
subject to the common council A bountiful supply of 
water 18 obtamed from the lake, and the streets are well 
supplied with sewers The value of property as assessed for 
taxation was $62,000,000 in 1882,—the city debt bemg 
$2,500,000, mostly for the water works, which are city 
property 

There 1s an efficient system of public schools under a 
superintendent and board of school commissioners, the 
value of the buildings with their sites bemg estimated at 
$700,000 For the higher education there are a high school, 
a normal school, and three commercial colleges, while the 
Roman Catholics and Lutherans have several excellent 
denominational seminaries and colleges A pubhe hbrary 
belonging to the city contained 20,000 volumes mm 
1882 * (3 3) 

MIMICRY 1s the name given in biology to the advan 
tageous resemblance (usually protective) which one species 
of animal or plant often shows to another The word was 
first applied in this metaphorical sense by Mr W H Bates, 
and it has since been accurately defined and limited, in 1ts 
biological application, by Mr 4 R Wallace Bnefly ; ut, 
the essence of the phenomenon of mimicry consists in the 
following relation A certain species of plant or animal 
possesses some special means of defence from it» enemies, 
such as a sting, a powerful and disagreeable odour, a 
nauseous taste, or a hard integument Some other species 
inhabiting the same district or a part of it, and not itself 
provided with the same special means of defence, closely 
resembles the first species mn all external points of form 
and colour, though often very different in structure and 
unrelated in the biological order For example, a South 
American family of butterflies, the Helwonide, are distin 
guished by their very varied and beautiful colours, and 
their slow and weakly flight they mught easily be 
captured by insecti\orous buds but their remains are never 
found on the ground amongst the rejected wings of other 
butterflies which cove the soil im many places They also 
possess a strong pungent odour which clings to the fingers 
for many days, and this fact led Mr Wallace to suspect 
that they have 1 disazreeible taste and would not there 
fore be eaten by birds after a single trial fi Belt has 
since experimentally proved the truth of that belief But 
among the totally distinct family of the Preride, most of 
which are white, there 1s a zenus of small butterfies, 
known as Leptalss, edible by birds some species of which 
are white like then allies, while the greater number exactly 
resemble one or other of the Hel: cnrde in the peculiar 
shape and colouring of their wings = As regards structure, 
the two families are widely different yet the resemblance 
of a species of one family to a species of the other 1s often 
so close that Mr Bates and Mr Wallace, experienced 
cntomologists, frequently mistook them tor one another at 
the time of capture, and only discovered their mistake 
ypon nearer examination Mr Bates observed several 
species or varieties of Leptalis in the Amazons valley, each 
of which more or less exactly copied one of the Helu onde 
in itgown district Accordingly, they seem to be mistaken 
by birds for the uneatable insects they mimic, and so to be 
benefited by their resemblance Thi, which may perhaps 
be regarded as the most typical instance of true mimicry, 
1s also the first to which the word was applicd 

In considering the phenomena under review, 1t may be 
well to give first the chief observed facts, which are quite 
independent of any particular explanation, and then the 
theory which has been started to account for them by Mr 
Bates and Mr Wallace Before doing so, however, true 
mimicry should be carefully discriminated from one or 
two superficially similar modes of resemblance among 
organic beings, whose real implications are very different 
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It must not be confused with mere accidental or adaptive 
resemblance, due either to simple chance or to similanty 
of external conditions Asa case of the first sort, we may 
adduce the real or fancied resemblance between certain 
orchids and flies or spiders, as a case of the second sort, 
we may take certain African Zuphorhvacex, which, growing 
in dry deserts, have acquired a very close likeness to the 
cactuses that cover the equally dry deserts of Mexico, or 
again the sub Antarctic gallinaceous bird, Chioms alba, 
which, living on the sea shore, has acquired a coloration 
like that of the gulls, together with the legs of a wader. 
These resemblances, however, do not as such subserve any 
function The species apparently mimicking and the 
species apparently mimicked either do not inhabit the 
same district or do not come into any definite relation with 
one another The likeness 1s either accidental, or else 1t 
1s due to similar adaptation to similar circumstances In 
cases of true mimicry, on the other hand, the mimicking 
species derives a direct advantage from its hkeness to the 
species mimicked , the resemblance 1s deceptive, and this 
1s equally true whether we suppose the mimicry to be pro- 
duced by creative design or by natural selection On either 
hypothesis, however it came by its likeness, the mumicking 
species escapes certain enemies or obtains certain sorts of 
food by virtue of 1ts resemblance to some other kind 

It should also be added that the word mimicry, as 
applied to such cases, 1s used only in a metaphorical sense 
It 1s not mtended to imply any conscious or voluntary 
imitation by one species of the appearance or habits of 
another ll that is meant 1s the tact of an advantageous 
resemblance, a delusive similarity, which gives the mimicking 
animal or plant some eatra protection or some special means 
of acquiring food which it would not otherwise have pos- 
sessed but for its hkeness to the creature mimicked 

Taking animals first, mimicry does not occur very 
frequently among the higher classes In the vertebrates 1t 
1s comparatively rare, and among mammals probably only 
one good case hay yet been adduced This 1s that of 
Cladobates, an insectivorous genus of the Malayan region, 
many species of which closely resemble squirrels in size, in 
colour, and in the bushimess and posture of the tail It 
has been suggested by Mr Wallace (from whom most of 
the following examples have been borrowed) that Cladobates 
may thus be enabled to approach the insects and small birds 
which form its prey under the disguise of the harmless 
fruit eating squirrel In this case, as in some others, the 
resemblance 1s not protective, but 1» apparently useful to 
the animal in the quest for food 

Among birds, Mr Wallace has pointed out that the 
general likeness of the cuchoo, a weak and defenceless 
group, to the hawks and gallinaceous tribe makes some 
approach to real mimicry But besides such vague resem 
blances there are one or two very distinct cases of true 
mimicry in this class of vertebrates In Australha and 
the Moluccas lives a genus of dull hued honey suckers, 
Tropidorhynchus, consisting of large, strong, active birds, 
with powerful claws and sharp beah»s They gather 
together in noisy flocks, and are very pugnacious, driving 
away crows and even hawks In the same countmies lives 
a group of orioles, forming the genus J/tmeta, and these, 
which are much weaker birds, have not the usual brilhant 
colouring of their allies the golden orioles, but are usually 
olive green or brown In many cases species of MUameta 
closely resemble the Tr opdorhynchi mnhabiting the same 
island For example, on the island of Bouru are found 
the Tropdorhynchus bouruenss and imeti bouruenst, 
the latter of which mimics the former in the particu 
lars thus noted by Mr Wallace —‘ The upper and under 
surfaces of the two birds are exactly of the same tints of 
dark and hght brown The Troprdorhynchus has a large 


342 


bare black patch round uhe eyes, this 18 coped in the 
Mumeta by a patch of black feathers The top of the head 
of the Tropidorhynchus has a scaly appearance from the 
narrow scale formed feathers, which are imitated by the 
broader feathers of the Mimeta having a dusky line down 
each The Zrojndorhynchus has a pale ruff formed of 
curious recurved feathers on the nape (which has given the 
whole genus the name of friar birds) , this 1s represented mn 
the Afimeta by a pale band in the same position Lastly, 
the bill of the 7ropidorhynchus 1s raised into a piotuberant 
kecl at the base, and the W:meta has the same character, 
although it 1s not a common one in the genus The 
result 1s that on a superficial exammmation the birds 
are identical, although they have important structural 
differences, and cannot be placed near each other im any 
natural arrangement Allied species of Z'roprdorhynchus 
in Ceram and Timor are similarly mimicked by the local 
Mumeta of cach island Mr Osbert Salvin has hkewise 
noticed a case of mimicry among the birds of prey near 
Rio Janeuo An insect-cating hawk, Harpagus drodon, 18 
closely resembled by a bird eating hawk, Accynter prleatus 
Here the advantage seems to be that the small birds have 
learned not to fear the Harpagus, and the Acciypter 1s 
able to trade upon the resemblance by catching them 
unawares, both birds beg reddish brown when seen from 
beneath But the Accymter has the wider range of the 
two, and where the msect eating species » not found it 
no longer resembles 1t, but varies n the under wing coverts 
to white Here again the resemblance, though advantage 
ous, 1s not protective 
Among reptiles, Mr Wallace has instanced some curious 
cases where a venomous tropical American genus of snakes, 
Elap:, with bnghtly banded colours, 1s closely mimicked 
by several genera of harmless snakes, having no affimty 
with it, but mhabiting the same region Thus the poison 
ous Elaps fulvus of Guatemala has black bands on a coral 
red ground, the harmless Plocerus xqualis of the same 
district 1s coloured and banded precisely like it The 
hkeness affords the unarmed snakes a great protection, 
because other animals probably will not touch them, mis 
tahing them for the venomous kinds 
It 1s among the invertebrates, however, and especially 
amon, insects, that cases of mimicry are most frequent and 
were first observed In the order Lepidoptera, besides the 
classical instance of Leptalis and the Helwomde, a genus 
of another family the Erycontde, also mimics the same 
group ‘The flock» of one species of Jthomza, an uneatable 
butterfly, often have flying with them a few individuals of 
three other widely diffcrent genera, quite indistinguishable 
from them when on the wing In the tropics of the Old 
World, the Danatde and Acreidz possess a similar protec 
tive odour, and are equally abundant in individuals they 
are closely mimicked by various species of Pajrlio and 
Diadema Mr Trimen, in @ paper on “ Mimetic Analogies 
among African Butterflies, gives a list of sixteen species or 
varieties of Diudema or its allies, and ten species of Papi, 
each of which mimics a Danas or Aciza of the same 
region in the minutest particulars of form and colour 
The Danas tyta of India has semi transparent bluish 
wings, and a border of reddish brown, this coloration 1s ° 
exactly reproduced in Paznlto agestor and Dradema nama, 
all three insects frequently coming together m collections 
from Darjiling In the Malay Archipelago the common 
and beautiful Zuplea medamus 1s so exactly mumeked by 
two rare species of Papilio that Mr Wallace generally 
mistook the latter at first for the ordinary msect An | 
immense number of other mstances among the Lepidoptera 
have been quoted from other parts of the world 
Occasionally species of Lepidoptera also imitate sects 
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bees or wasps, which are of course protected by uheir stings, 
Thus the Sesudx and Agerude, two familes of diurnal 
moths, have species so lke hymenopterous msects that 
they are known by such names as aptformis, vesprforme, 
uhneumoniforme, sphegrforme, and so forth The Bntih 
sesia bombilrformes closely resembles the humble bee, the 
Sphecra craboniformis 1s coloured like a hornet, and carries 
its wings in the same fashion Some Indian Leprdoptera 
have the hind legs broad and densely hairy, so as exactly 
to imitate the brush legged bees of the same country Mr 
Belt mentions a Nicaraguan moth, Pronea lycordes, which 
closely mimics a distasteful coleopterous genus, Calopteron, 
and Professor Westwood pointed out that the resemblance 
to the beetle 1s still further mcreased im the moth by raised 
lines of scales running lengthwise down the thorax 

Among the Coleoptera, or beetles, and other orders, 
similar disguises are not uncommon Mr Belt noticed 
species of Hemiptera and Coleoptera, as well as spiders, in 
Nicaragua, which exactly resemble stinging ants, and 
thus no doubt escape the attacks of birds The genus 
Calopte on 1s mimicked by other beetles, as well as by the 
moth Pronta Inthe same country, one of the Hemsptera, 
Sponiger lutercornis, has every part coloured hike the hornet, 
Prvocnemts, which 1t mimics, “in its vibrating coloured 
wing cases 1 departs greatly from the normal character of 
the Hemiptera, and assumes that of the hornets’ Mr 
Wallace mentions the longicorn beetle, Cyclopeplus bateste, 
which “differs totally im outward appearance from every 
one of its alles, having taken upon itself the exact shape 
and colouring of a globular Corynomalus, a little stinkmg 
beetle, with clubbed antenne” Lrythroplatis corallsfer, 
another longicorn, almost exactly resembles Cephalodonta 
spenipes, one of the common South American Hispide, 
which possesses a disagreeable secretion, and Mr Bates 
also found a totally different longicorn, Streptolahs 
haspordes, which resembles the same insect with equal 
minuteness Some of the large tropical weevils have the 
elytra so hard that they cannot be pierced by a bird’s 
beak , and these are mimicked by many other comparatively 
soft and eatable insects In southern Brazil, Acanthotritus 
dorsalis closely resembles a Curculto of the hard genus 
Hedsplus , and Mr Bates found Gymnocer us cratosomordes, 
a longicorn, on the same tree with the hard weevil, 
Cratosomus, which 1t mimics Other beetles resemble 
bees, wasps, and shielded bugs Haury caterpillars are 
well known to be distasteful to birds, and comparatively 
free from attack, and Mr Belt found a longicorn, 
Desmphora fascculata, covered with long brown and 
black hairs, and exactly mimicking some of the short, 
thick, woolly caterpillars common on the bushes around 

Amongst other orders, one of the most interesting cases 
1s that of certain Diptera or two winged flies which mimic 
wasps and bees Sometimes this likeness only serves to 
protect the insect from attack, by inspiring fear of a sting 
But there are also a number of pasasitic flies whose larve 
feed upon the larve of bees, as in the British genus 
Volucella , and these exactly mimic the bees, so that they 
can enter the nests or hives to deposit their eggs without 
being detected even by the bees themselves In every 
country where such flies occur they resemble the native 
bees of the district Sumilarly, Mr Bates found a species 
of Mantes on the Amazons which exactly mimicked the 
white ants on which it fed On the other hand, the 
defenceless species itself may mimic its persecutor, as in 
the case of several crickets, Scaphura, that exactly resemble 
various sand wasps, and so escape the depredations cf 
those cricket killimg enemies Another cncket from the 


Philippine Islands, Condylodera tricondylordes, so closely 


copies a tiger beetle, Zricondyla, that even Professor 


of other orders Many of them take on the appearance of | Westwood long retained 1t among that group in his cabinet, 
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and only slowly discovereu mis mistake The cases here 
mentioned form but a small part of all those that have 
hitherto been observed and described in the msect world 
They amount altogether to many hundreds 

Among plants, though included in the above definition 
for the sake of formal completeness, mstances of true 
mimicry are rare or almost unknown Perhaps the nearest 
approach to this phenomenon in the vegetal world 1s found 
in the resemblance borne by the dead nettle, Lameum 
album, and a few other labiates, to the stinging nettle, 
Uriwa drowa and U urens The true nettles are stnk 
mgly protected from animal foes by their stinging hairs, 
and the general appearance of the dead nettle 1s sufficiently 
hke them to prevent human beings from plucking it, and 
therefore probably to deter herbivorous mammals from 
eating 1t down Mr Manseh Weale mentions another 
labiate, Ajuga ophrydis, of South Africa, which closely 
tesembles an orchid, and may thus mduce insects to 
fertilize its flowers Mr Worthington Smith has found 
three rare British fungi, each accompanying common 
apecies which they closely resembled, and one of the 


common species possesses a bitter and nauseous taste, so , 
that this would seem to be a case of true mimicry Vfany | 


diverse instances alleged by Mr A W Bennett, Dr Cooke, 
and others cannot be considered as genuine mimetic resem 
blances m the sense here laid down They are mere 
coincidences or similar adaptations to similar needs, and 
the word ought to be applied strictly to such likenesses 
alone as benefit the organism in which they occur by caus 
ing it to be mistaken for another possessing some special 
advantage of its own 


The theoretical explanation of mimicry on evolutionary principles 
may best be considcred in connexion with the general subject of 
protective coloration and vaiiation im form, of which it 1s a vey 
special case lhere are two ways 1n which imitative colouring may 
benefit aspecies It may help the members of the species to escape 
the notice of enemies orit may help them to deceive prey In the 
first case imitative hucs enable the animal or plant to avoid being 
itself devoured , im the second case they enable it to devour 
others more easily, and so to secuie a larger amount of food than 
less deceptively colomed compeers In the former instance we 
must suppose that such individuals as did not possess the deceptive 
colouiing have been discovered and destroyed by encmies with 
highly developed sight, while those which possessed it have survived 
In the latter stance we must suppose that the individuals which 
have no protective colouring have failed to secure sufficient pricy, 
through too readily betrayimg their presence, and that only those 
which possessed such coloming have become the parents of future 
generations It 1s difficult, however to sepatate these two casts, 
and i many instances the same colourmg may aid a species both 
in escaping its peculiar enemies and in deceiving its peculiar prey 
They may therefor most convemtently be considered together 

Colour 18 alwys liible to vary from individual to individual as 
we see in the case of domestic ited fowls, rabbits, dogs, and oth 1 
animals as well 15 1n most cultivated flowers, wherever natu il 
selection cannot wt to kcep the typical specific hues pure and true 
But in a wild state ceitain consp uous colours aie sure to prove 
disadvantageous by betraying the 1 «dividual, and these will soonet 
or later get wecded out, under certain circumstances, either through 
the action of enemies or by starv ition resulting from the mobility 
to escape the notue of prey On the other hand, certain other 
colours are sure to bencfit the individual by harmomizing with the 
tints of the environment and these will be spucd by nitural 
selection, so that the individuals possessing them will pur with 
one another, and will hand down their peculiuities to their de 
scendants In this way many species will acquie and retain a 
coloration that harmonizes with then environment as a wholc or 
with some special patt of it ‘The degree to whi h the protective 
coloration will be cartied, however, must depend upon the sharp 
ness of the senses in those other orgamisms which 1t 1s desirable to 
deceive Large dominant herbivorous or frugivorous mammals o1 
birds, with relatively fuw enemies, would not be benefited by 
protective coloration, and so they aldom exhibit 1 The grasses 
or fruits on which they feed caunot make any attempt to esca}o 
them But carnivores generally require to deccive then prey, and 
therefore a large number of them exhibit marked deceptive colournng 
Btill more especiallv do small defenceless birds or mammals ned 
to escape the notice of the carnivores, and they accordingly very 
generally possess dull colours, because any variation in the direction 
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of conspicuousness 18 certain to be promptly cut off Above all, 
among insects, which are so largely the prey of birds, of reptiles, 
and of other animals possessing highly developed vision, protective 
coloration in one form or other 18 alincat universal, except where 
a nauseous taste, hairy skin, or hard external coverings afford a 
different kind of protection In every case the weeding out of 
ill protected forms must depend upon the relative keenness of vision 
in the various enemies or of the mey, be they mammals, birds, 
reptiles, unsects, or spiders Hence the existence of protective 
coloring and of mimicry incidentally affords us valuable hints as 
to the perceptive faculties of the various classes against which each 
organism 1s thus unconsciously guarded 

Where the general aspect of the envuonment is most uniform, 
and where little but a vague impression of colour without individual 
form can be conveyed, the hues of animals are also usually uniform, 
to match their surroundings, ani no special imitative adaptations 
of form occur Thus, among the Arctic snows a biown or black 
animal would immediately be perceived, and if dcfenceless at once 
devoured, while if a carmvore it would seldom or never approach 
wnperceived nea enough to its prey to effuct acapture Hence all 
such variations are at once repressed, and almost all Arctic animals, 
like the Amezicin polai hare, are purewhite Elsewhere bears are 
black or brown, 1n the polar iegion the native species 1s nearly 
indistinguishable fiom the snow in which 1t lives Where the 
environment undergoes a regular change from season to season the 
colour of the fauna varies with 1t The Arctic fox, the ermine, the 
alpine hae, the ptarmiz.n and many other birds, are all more or 
less brown amoung the biown hill sides of autumn, and snow white 
among the winter snows Almost equally geneial 1s the sandy 
colour of deseits, though this, instead of bemg uniform, 1s slightly 
vated from giain to grain, and nearly all the birds, reptiles, and 
insect» of Sahua exactly copy the sandy grey hue of the desert 
around them Soles and other flat fish (Plewonetidx) closel 
imitite the colour anl speckled appeatance of the sand on whic 
they lhe The fishes an ciustaceins which inhabit the sargasso 
weed are coloured the same yellow a, ‘he masses of alge to which 
they cling Aphides and many small leaf eating caterpillars are 
bright gre nu like the nerzhbouring fcha se 

Where the ens 1lonment 1s somewhat moie diverse the resemblance 
begins to show more specialized features Thelion a large giound 
eat of desert or rocky districts 1s uniformly brown, but the tiger 
and other jun.le cats have peijcndicular stripes which harmonize 
with the bamboos and biown c1ass of their native haunts, while 
the leopai 1s jajuars and other tree cats have ocellated spots which 
conceal them among the min lcd light and shade ot the forests 
Large marine animals have the bach tlach, because the wrter looks 
dark when seen fiom above, but their bellies a1e white so as to 
harmonize with the colour of the surface when seen from below 
Di Weismann has shown that most edible unprotected caterpillars 
mutate the stipes and shidcs of the lcaves among which they feed. 
Those which live upon grasscs are longitu linally striped hhe the 
blades, those which live among small Jeives are spotted and vaned 
so 1s to icsemble the distribution of light and shade in the bushes, 
and thost which live upon large veined lewes with oblique mbs 
have oblique lines to harmonize with them In some casee even 
the untipe berries are represented on the caterpillar by small reddish 
snots <A specialized form of this particular protective device 13 
found in the chamcleon, the chameleon shrimp m1ny flat fish, and 
some amplnbians, all of which cin viry their coloration to suit 
thit of the surface on which they rest ‘The action 1s refle, and 
ceises 1f the animal Is blmded 

Where the ens1ronment 1s very varied, as in tropical forests, we 
| find the greatest variety of colouling as well a» actual imitation 
of paiticula: forms and the protective resemllinces become at 
once clour and more common Buds, reptiles spiders, monkeys, 
and othe: active predaceous creatures ale constantly hunting for 
insects 1nd sinular smill prey amongst the fallen sticks or leaves, 
and se the most powerless clisscs of insects only those which 
very closcly resemble specific obj.cts in the environment can easily 
escipe them A gradual pasgc can be traced fiom the most 
general to the most special resemblances under such cucumstances. 
Many forestine birds have 2 giound tone of green im their plumage, 
which occuts nowhere but in the tropics Some tite hzirds are 
gieen like the leaves on which they sit, others are maibled to 
resemble the bark where they lie in wait for their prey Arboreal 
snakes often hang hhe hanas or other creepers Insects which 
cling to the trunks of tices can seldom be distinguished from the 
bark <A Sumatran butterfly, Kallura paralceta, alwivs scttles on 
diy bushes among dead Jeaves, and can then hardly be perceived 
among the brown foliage, which 1t imitates even in the apparent 
blotches and nuidew with which its wings are covered The fami! 
of Phasmide, including the leaf and stuch insects, carmes suc 
forms of imitation ver) far indeed Most of them are large, soft, 
defenceless creatures, but some, hke Phyllsum, closely resemble 
green leaves, so as to be almost indistinguishable while feeding ; 
and others exactly inntate short broken twigs of bamboo Mr 
Wallace found one such imsect, Cerorylus dacratu, m Bornco, 
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apparently overgrown with a creeping moss or Jungermannia , and 

r Belt discovered a larval firm in ee whose body was 
prolonged 1:to thin grecn filaments, precisely like the moss 1n 
which 1t lurked In | ter instances the insect probaoly uses its 
disguise ather to deciive its prey than to escape its enemies Sir 
Josuph Hooker belicves that an Indian Sfantis deludes the little 
creatures which form its food by its singular lheness to a leaf, 
wlil Su Chatles Dilke found one which had its heid and fan 
moul lel into the deceptive appearance of an orchid, so that small 
fhes w 1¢ uwtuilly attracted in seaich of honey into tts vely jaws 
Outside the cliss of inscets, similar phcnomena sometimes occur 
{hus acordinz to Mr Bates, many showy little tropical spiders 
double themselves up at the base of leaf stalks so as to resemble 
flower buds, and thus delude the flies on which they prey Even 
among the vertebrates Mr Belt mentions a green Nicariguin 
lizard loohing like the herbage by which it is surrounded, and 
decked with leaf like expansions, which hide its predac ous nature 
from pissing beetles o1 butterfixs 

These list instances are divided from true mimicry by a very 
narrow line But they diffur in the fact that some vague object 
only in the general envuonment ts simulated not a particular pro 
tected species, as in genuine mimetic resemblance If we allow, 
howeve1, that natural selection cin produce the white colour of 
Arctic animils, and the sandy hue of the sole ind the flounde, 1t 
1s easy enough to extend the same principle to the leaf insect and 
the stick insect, or even to 1eal mimicry, as in the case of the 
Leptalis and the Helvconde Certan Phasnide may at first have 
varied in the duection of green coloration, and these would 
naturally es ape the eyes of birds more readily than their fellows 
After the lajse of many generations, all the Phasmides of that 
special group would have lecome green, and the birds which preyed 
upon them would have Jearnel in many cases to penetiate the 
disguise, for, as Mr Belt his obstised each fresh deceptive 
resemblance in the prey 1s sure to be followed by increased keenness 
of disctimination in the enemies of the species At this stage the 
ordinaiy green Phasmnudz would often be killed, while only those 
which happened to appioximate rudely in the venation of their 
wings to Jeaves would now escape the sh wper and more eaperienced 
eyes of the birds Thus step by step the disguise would become 
mole and more perfuct only the best protected of each generation 
escaping on the average while all the worse protected would be dis 
covered and devoured 4iven the usual luxuriance of tropical life, it 
1s not difficult to understand how fay ourable variations might continu 
ally occur until at lenzth we get such perfect deceptions as those 
of the leif insects the stick insects and the moss grown larve 

The phenomcna of true mimicry may be explained by a parallel 
enesis Sup,ose to begin with 1 group of large and biilliant 
utterflus like the South Amen 1n Helwonrde, protected by a 
nauseous taste and odour and therefore never eaten by birds To 
such insects slow flight and conspicuous hues are a positive 
protection, because they enable bids icadily to discriminate them 
and thercfore prevent attacks just as the binded body of the wasp 
and the hum of the bee prevent us from «catching and killing them 
upon a winlow pane Suppose agin, that in the same district 
there lives a widcly different spe ics of edible butterfly presenting 
wine very slizht anl remote 1 semllince to the protected species 
At first no doubt the resembJince will be merely in accidentil 
bne of general hue it may even be so shyht as to duccave nobody 
except upon the most distant anil cisuil glance Now supose 
these edible | utter flies to be devourc 1 in lage quantitics by bir Is 
then a few of them may happen to s11n s fety Ly associating with 
the flocks of inedible butteifil1 s which the birls refuse After a 
time, even if the habit of consorting with the protected speci. 
becomes fixedin the race the vo 1¢ » will begin to 1ec giz the edible 
insects amongst the flocks, especially such as vary most in the 
opposite dnecti 1 from the protected species On the other hand, 
they will overlook such as vary most in the same direction as the 
medible kind and thus the least mimetic mdividuids will be 
destroyed, while the most mimetic will be lett to pur with one 
another and to pioduce young most of whom will picsent the like 
peculiuitics = Fiom yenciition to gencration the birds will go on 
picking out cve1y badcopy and sparing all the best ones, till at 

t the two species become absolutely idistingmshable upon the 
wing But the mimiciy will never of course affect any but the 
most external and noticcalle pats of the organism it will be to 
the last a mere matte: of colou1 shape of wing visible appearance 
of legs or antenne, anl soforth The underlying structural 
ifferences will remain 1s great 13 eve: though externally masked 
by the deceptive 1esemblance in form a1 hue 

In like manner we my explain the yenests of the mimetic 
resemblance borne by Volueclia to tle humble bee Suppose an 
undisguised fly to enter the bees nest it woud be at once attacked 
and killed. But if it presented some very slight resermblance to 
the bee 1t might manage to lav its eggs undisturbed, and its larve 
would then be able to feed jwietly upon the larve of the bee With 
each new generation the more flimsy disguises would be more and 
more readily detected, and ouly those flies which vatied most in 
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the direction of resembling the bees would survive or lay the 
eggs in peace On the othe: hand, those which actually succeeded 
would possess ite adv intages over their neighbours, because 
their larvee would thus obtain a safe and certain supply of food, 
and be guaranteed the protection of the bees nest Tn this wa 
the flies would at last, by constant survival of the best adap 
come exactly to imitate the bees amongst which they hved 

The theory of the orgin of mimetic forms thus buefly sketched 
out is due to Mr Bates and Mr Wallace, and it explains all the 
facts more fully than any other It shous us, first, why the 
mimicking orgunism always imitates a specially protected species ; 
secondly, why the two always inhabit the same district , thirdly, 
why the mimicking species 18 always much rater than the species 
mimicked , fourthl}, why the phenomenon 1s confined to a few 
gioups only, and fifthly, why several different mimicking species 
often imitate the sime protected form It also accounts for the 
absence of mimicry amongst large or dominant animals, and its 
comparative commonness amongst small and defenceless kinds 
And by affilatmg the whole of the phenomena upon the general 
principles of protective colourihg it reduces a seemingly strange 
and marvellous fact to a particular case of a well known law 

Whatever theory be adopted, however, the facts and most of 
then implications remain the same For, whether we suppose these 
imitative resemblances to be due to direct cieative design or to 
survival of favouable vaiiations, 1t 1s at least clear that the disguise 
subserves a function—that it 1s purposive and not accidental 
Hence we may draw from the phenomena of mimicry certain 
important psychological implications On the hypothesis of 
evolution, 1t 1s obvious that the mimicry can never go further than 
the senses of the creatures against whom the disguise 1s advantageous 
woul naturally carry 1t, and even on the hypothesis of special 
dcsign it 18 not likely that the imitation would be made more 
accurate than would be necessary for practical pur poses of deception 
{here 1s much evidence in favour of this view Mr B T Lowne, 
fo. example, who has carefully measured the curvature of the facets 
in the compound eyes of insects upon which depends the minimum 
size of apprehensible objects, finds that the mimicry 1n the case of 
the flies parasitic upon bees nests has yro-eeded just so fai as the 
structure of the bee s eye would lead us to expect, andnofmther In 
other words, so far as measurements of angulir distance subtcnded 
can guide us, such a fly seems to be absolutely indistinguishable by 
a bee from one of his own species, with the limts of oidinary 
vision ‘Lhe pictures cast uj on the sensorium by the fly and by a 
brother lee are simply identical In many other cases it can be 
shown that the mimicry seems specially intcnded to deceive the 
eves of a particular class of animals, while there 1s no case of 
mimicry where the only enemies or | rcv consist of plants or ey eless 
animals Naturally there can be no mimicry without a creature to 
deceive , the very conception implies an external nervous system 
tobe acted upon, and to be actcd upon deceptively Thus mimicry 
in }lints must have reference to the eyes of animals, n animals 
themsclves to the eyes of one another: We may conclude, accord- 
ingly, that 1f a leaf insect 1s green with funt violet brown veins 
to the wings, exactly like a certain leaf im ordcr to deceive sundry 
tiopical bids, then those birds are capable of perceiving the forms 
and colours imitated to that particular degree So the presence of 
mimicry 1n anv group my guide us to a rou,th idea of the perceptive 
powers of those creatures whom the mimicry se1ves to decerve The 
exact imitation of sand and coloured pebbles in the flat fish 13 a 
fairly safe indication that the predaceous fish by whose selection 
they have been developed (through the weeding out of 111 protected 
Vatlations) can pretty accurately distinguish form and colour The 
long gieen pipe fish which cling around green sea weed have 
probably acquired their existing hues to deceive the eyes of smal) 
sharks , the Phyllopteryr eques, a hippocampus which Jooks pres 
asely hike a ae of tangled and waving fucus (see figure, vol x1 
p 852), has doubtless in the same way taken on its delusive like 
ness to the alge among whiuh it lives So the encket which 
resembles its foe the sand wasp must have gained its present 
shape and hue by deceiving its enemy, and therefore it sug- 
gests the probability of highly developed vision on the prt of 
the wasps ‘here seems every reason to believe that in many 
instances insects, spiders, and even hzards have developed mimetit 
or other deceptive resemblances in order to delude the eyes of n- 
sects, while in other cases the disguise has been unconsciously 
adopted to deceive fish, amphibians, reptiles, buds, and mammals 
Moreover, we have some grounds for beheving that the sense of 
colour 1s exceptionally strong im birds and in one or two msect 
orders , and the mimicry of colou stems to have proceeded to the 
greatest ee amongst animals which ate most exposed to the 
attacks of these classes or whi h would find it advantageous to 
deceive them. It may be added that these 71m classes have been 
most effective in producing the bight hucs +/ Sowers and fruits, on 
Mr Darwin s hypothesis, or are at least in any case most intimately 
correlated with such vegetable structures as ‘ertilizers of blossoms 
and dispersers of seed Muimicry 1s thus to some extent a rough 
giuge of the perceptive faculties of the species deceived by it ! 


MIM—MIN 


The vocal mimicry which occurs amo 


certain birds, such as 
the mocking bird, starling, parrot, and bullfinch, must of course be 


placed in a wholly different category from these biological cases, It 
ig a direct volitional result, and it 1s mimicry in a literal not m a 
fave sense The faculty seems to be due to the play instinct 
alone, and not to subserve any directly useful function (G A) 
MIMNERMUS, a Greek elegiac poet, born at Smyrna, 
lived about 600 Bc His Infe fell m the troubled time 
when the old Greek city of Smyrna was struggling to 
maintain itself against the msmg power of the Lydian 
kings One of the extant fragments of his poems refers 
to the struggle and contrasts the present effemmacy of his 
countrymen with the bravery of those who had once 
defeated the Lydian king Gyges The poet mentions in 
another fragment that he belonged to the stock of the 
Colophonians who had seized the Holic Smyrna But his 
most important poems were aset of elegies addressed to a 
flute player named Nanno, they were collected in two books 
called after her name Hermesianax mentions his love for 
Nanno, and implies that it was unfortunate Only a few 
fragments of these poems have been preserved , and their 
soft melancholy tone and delicate language give some idea 
of the poets character His ideal 1s the sweet soft 
Juxunious Ionian life, and he would enjoy it free from 
sorrow and die as soon as he could no longer enjoy it 
Yet there 1s apparent some of the old stronger strain of 
character which in early time raised the Ionian cities to 
greatness, pride in the glories of his race and scorn for 
those that are unworthy of their fathers’ renown His 
experience of hfe was evidently sad, he felt that his 
country was gradually yielding to the enemy 1t had once 
defeated, and he knew that his own hopes were disap 
pointed The sun himself has endless toils from msing to 
setting and again from settmg to msmng The hfe of man 
is as transitory as the leaves of spring, he says, referring to 
@ passage in the popular epic poetry of Ioma (Jihad, vi 
146) He wishes to die in his sistieth year, a wish to 
which Solon rephed bidding him reconsider and rather 
long to die when he was eighty years old “imnermus 
was the first to make the elegiac verse, which had pre 
viously had more of the epic character, the vehicle for love 
poetry, and to impart to it the colour of his own mind 
He found the elegy devoted to objective themes , he made 
iat subjective He set his own poems to the music of the 
flute, and the poet Hipponax says that he used the melan 
choly voyos Kpadias He bears the epithet Aryvacradys, 
by which Solon addresses him It 13 doubtful whether 
this epithet 1s peculiar to himself or whether 1t marks him 
as belonging to a musical and poetic family or school, 1t 
is evidently akin to the epithet Aryerar Movoat 
MIMOSA The Mimosex (so named from their mimicry 
of animal movements) form one of the three suborders of 
Legumvnose, and are characterized by their (usually small) 
regular flowers and valvate corolla Their 28 genera and 
1100 species are arranged by Baillon m four series, of 
which the acacias (see Acacia) and the true mimosas are 
the most important They are distnbuted throughout 
almost all tropical and subtropical regions, the acacias 
preponderating im Australia and the true mimosas in 
America The former are of considerable importance as 
sources of timber, gum, and tannin, but the latter are of 
much less economic value, though a few, like the talh (Jf 
ferrugynea) of Arabia and Central Africa, are important 
trees Most are herbs or undershrubs, but some South 
American species are tall woody climbers They are often 
prickly The roots of some Brazilian species are poisonous, 
and that of M pudwa, L, has irmtatmg properties 
senstiwa has been used in America im the treatment of 
fistula, &c, probably as an astringent The mumosas, 
however, owe ther interest and ther extensive culti 
vation, partly to the beauty of their usually bipmnate 
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fohage, but still more to the remarkable development 
In some species of the sleep movements manifested to 
some extent by most of the pinnate Legumunose, as well 
as many other (especially seedling) plants In the so-called 
“sensitive plants” these movements not only take place 
under the mfluence of ight and darkness, but can be easily 
excited by mechanical and other stimuli When stimu 
lated, say at the axis of one of the secondary petioles, the 
leaflets move upwards on each side until they meet, the 
movement being propagated centripetally It may then 
be communicated to the leaflets of the other secondary 
petioles, which close (the petioles, too, converging), and 
thence to the main petiole, which sinks rapidly downwards 
towards the stem, the bending taking place at the pulvinus, 
or swollen base of the leafstalk See Botany, vol. iv 
p 114, fig 117 When shaken in any way, the leaves 
close and droop sunultaneously, but if the agitation be 
continued, they reopen as if they had become accus 
tomed to the shocks The common sensitive plant of 
hot houses 1s Df pudica, L, a native of tropical Amenca 
but now naturalized in corresponding latitudes of Asia and 
Africa , but the hardly distinguishable MM senntwa and 
others are also cultivated The common wild sensitive 
plants of the United States are two species of the closely 
allied genus Schrankva 

MINDANAO, MINDORO See Puruiprine Isianns 

MINDEN, the chief town of a district of the same name 
in Prussia, province of Westphalia, 1s situated about 22 
miles to the west-south west of Hanover, on the left bank 
of the Weser, which 1s spanned there by two bridges The 
older parts of the towr retain an old fashioned appearance, 
with narrow and crooked streets, the modern suburbs 
occupy the site of the former fortifications The most 
interesting building 1s the Roman Catholic cathedral, the 
tower of which, dating from the 11th century, illustrates 
the first step n the growth of the Gothic spire in Germany 
The nave was erected at the end of the 13th century, and 
the choir in 1377-79 Among the other chief edifices are 
the old church of St Martin the town house, with a 
Gothic fagade , the extensive court house, and the Govern 
ment offices, constructed, like many of the other buildings, 
of a peculiar veined brown sandstone found in the district. 
Minden contains a gymnasium and several hospitals, besides 
other charitable mstitutions Its mdustres melude hnen 
and cottun weaving, dyeing, calico printing, and the 
manufacture of tobacco, leather, lamps, chicory, and chemi 
cals There 1s also some activity in the building of small 
craft In 1881 107 vessels of an aggregate burden of 
12,569 tons entered and cleared the river harbour of 
Miden The population im 1880 was 17,869 

Minden (Mindun Mundo), apparently a trading place of some 
umportance 1n the time of Charlemagne was made the seat of a bishop 
by that monarch and subsequently became a flounshmg member 
of the Hanseatic Teague In the 18th century 1t was surrounded 
with a wall Punished by militar) occupation and a fine for its 
reception of the Reformation in 1547 Minden underwent similar 
trials in the Thirty Years’ War and the wars of the French occupa- 
tion In 1648 the bishopric was converted into a secular pnncr 
under the elector of Brandenburg From 1807 to 1814 Minden 
was included in the kingdom of Westphaha, and in the latter year 
it passed to Prussia In 1816 the fortifications, which had been 
razed by Frederick the Great after the Seven Years War, were 
restored and strengthened, and as a fortress of the second rank it 
remained the chief military place of Westphaha down to 1872, 
when the works were finally demohshed. At Todtenhausen $3 
mules to the north of Minden, the alhed Engnsh and German troopa 
under the duke of Brunswick gained a decisive victory over the 
French mm 1759 About 3 miles to the south of Minden 19 the 
so called ‘‘Porta Westfahca,’ a narrow and picturesque defile by 
which the Weser quits the mountains and reaches the plain 

Minden 1s not to be confounded with the Hanoverian Munden, 
also sometimes written Minden (population 6355), at the conf 
(Mundung) of the Werra and Fulda, 

MINE. See Mnune 
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ATURAL objects which are homogeneous in their 
mass, and in which no parts formed for special pur 
poses can be distinguished, are termed “munerals”, and 
the branch of natural science which treats of these 1s 
termed muneralogy Minerals differ from the structures 
treated of in botany and zoology in the three following par 
ticulars (1) They differ nm the mode of their formation , 
this has been accomplished, not by assimilation of matter, 
producmg growth from within, but by augmentation of bulk 
through accretion of particles from without (2) Minerals 
are not heterogeneous While the objects treated of im 
the other departments of natural history consist of beings 
of life, and having parts which, bemg mutually 
dependent, cannot be separated from one another without 
a more or Jess complete destruction of the individual, the 
objects treated of under the department of mineralogy 
have so uniformly consistent an mdividuality that they are 
not destroyed by any separation of parts,—each portion 
or fragment possessing the same properties and the same 
composition as the whole And (3), while those bemgs 
which are possessed of hfe have their component elements 
grouped into complexes, for the most part capable of more 
or less freedom of motion and susceptible of change, 
minerals have a constitution resulting from chemical attrac 
tions alone and an arrangement of their parts, under 
physical influences, which has resulted mm ngidity and an 
absence of all tendency to change 


Form or MiIngraLs—CrystTaALLOGRAPHY 


The most precise definition of a mineral would be—an 


tion of 8 morganic body possessed of a definite chemical composition, 


ots 


25 


and usually of a regular geometric form Of these, the 
second 18 in one respect the direct outcome of the first , 
while many of the most important physical properties pos 
sessed by minerals are outcomes of the second 

Both the geometric form and the composition of 
minerals are produced and modified under the influence of 
general laws 

Mineral bodies occur in the three physical conditions of 
sohd, hquid, and gas Those now found in the last two 
states are few in number, and are of altogether infenor 
interest to those which occur as solids, but there 1s reason 
to believe that the minerals we know as solids once 
existed m the liquid or gaseous state, and that their pre 
sent structure was determined in the process of sohdifica 
tion All bodies thus formed may be divided into two 
great classes — 

1 Amorphous bodies, or such as do not possess a de 
finite and characteristic geometrical form These (when 
transparent) refract hght singly m every direction (except 
when under stress), they are equally easy or equally diffi 
cult to break im all directions, when broken they exhibit 
a conchoidal or an earthy fracture, they are equally hard 
throughout all ther parts, they are equally elastic in all 
directions , they conduct heat with equal rapidity and in 
equal amount 1n all directions 

2 Crystalline bodies or such as occur in definite geo 
metrical forms bounded by flat surfaces These present 
greater facilities of separation of their particles, or “cleav 
age,” in certain directions lying in determinate planes than 
they do mm others, most of them ac neither equally hard 
nor equally elastic in all directions, conduct heat more 
rapidly m certain directions than they do in others, and, 
when transparent, refract ght doubly except in certain 
directions 


Mineral bodies are found in both of the above classes ; 
and the same mineral body may occur in both the 
amorphous and the crystalline condition This 1s seen in 
the piece of gold shown in 
fig 1, where the upper portion 
has a sharply angular and a 
well defined shape, while the 
lower presents curvilnear and 
rugged outlmes, similar to one 
another in no part Under 
favouring circumstances, 1t 18 
possible that every substance 
whose composition 1s capable 
of being represented by a 
definite chemical formula— 
ae, which has an unvarying 
composition—may be capable 
of assuming a defimte crys 
talline form 








Fig 1 


Swe and Form of Crystals —They are of every size from Size of 
over a yard in diameter to mere specks requiring a high crystals 


power of the microscope to reveal themrexistence _Beryls 
have been obtained in America more than 4 feet in length 
by 2 in thickness, weighing 24 tons Equally large 
crystals of apatite have been found m Canada There 1s & 
rock crystal at Milan 3} feet long by 54 in circumference, 
weighing 870 ib The highest perfection of form, and hence 
of other properties, 1s only found, however, in crystals of 
moderate or of small size 


Varvety of Form, and Constancy of Form —The same Vanety 
mineral may be found in different locahties, or sometimes of form 


in the same locahty, exlubiting an almost endless variety 
of forms Calc spar occurs at a Scottish locality in acicu 
lar pyramidal crystals of which the length may 
be ten or more times as great as the width (fig 
2), in flat plates as thin as paper, n which the 
length is not the hundredth part of the width , 
also im prisms, pyramids, and rhombohedra, 
which at first sight (as im figs 3, 4) seem 





Fig 4 


destitute of any relationship to each other Tlus 
substance has elsewhere been noted in several 
hundred forms The mmerals fluonte, pyrite, 
and baryte have each been observed in over a 
hundred diverse forms Nevertheless, however 
great the number, all the forms, in the case of Mg 2 

each mineral, may be reduced or referred to a single type, 
by the simple process of examining its internal structure 
or the mode of arrangement of its molecules This 1s 
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accomplished in two ways~-(1) by finding the weak joints 
in that arrangement, through splitting the crystal, and 
(2) by measuring the angular inchnation of the outade 
surfaces which bound the form and, from these measure- 
ments, by simple mathematical laws, arriving at what has 
been termed its “primitive” or simplest form 
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at oblique angles, producing “clinometric” forms The 
axes may be all equal, or only two equal, or all unequal. 
There 18 @ definite conventional position m which for 
purposes of description a crystal 1s always supposed to be 
held With reference to this position one of the axes,— 
that which 1s erect or most erect,—1s termed the “vert 


Invana As regards the mere recognition of a substance, such 
bikty of measurement in itself suffices,—the angular mnclination, if 
*- tho same surfaces be measured, beg unvarying mm each 
species Jt can, moreover, be shown that the possible 

range of external vanety of form 1s governed by fixed 
mathematical laws, which determine precisely what crys 

talline forms are or may be produced for each species 
Uomparatively few of these actually occur in nature, but 
crystallographic laws can point out the range of those 

which can possibly occur, can delineate them even before 

they are found, and can 1n all cases show the relationship 


cal,” and the others the “lateral” The planes in which 
any two of the axes he are called the “amal” or 
“diametral planes,”—sometimes “sections” By these 
the space around the centre 1s divided into “sectants ” 
If there are, as 1s generally the case, only two lateral axes, 
the space is divided into eight sectants, or octants , but, if 
there are three lateral axes, 1t 1s divided into twelve 
sectants 

Promitwe Forms of Crystals —If we attempt to arnve, p, 
through a study of the internal structure of crystals, as tye 
evidenced by directions of weakness of cohesion, at the forms 


which subsists between them and the simple or fundamental 
form from which or out of which they all onginate It 
must be observed that in crystalline bodies the internal 
structure—that 1s, the arrangement of the molecules— 
1s a§ regular in an outwardly shapeless mass as in the 
modelled crystal which presents itself as a perfect whole 


Proper Definatrons of Crystals, and ther Members or Parts —A 


d crystal 1s a symmetrical solid, either opaque or transparent, 
contained with surfaces which theoretically are flat, and 
of a perfect polish, but which are actually frequently 
curved, striated, or pitted These surfaces are called 
“planes,” or “faces” The external planes of a crystal are 
called its “natural planes”, the flat surfaces obtamed by 
splitting a crystal are called its “cleavage planes ’ The 
intersections of the bounding planes are called “edges, 
and planes are said to be similar when their corresponding 
edges are proportional and their correspondmg angles 
equal Crystals bounded by equal and similar faces are 
termed “simple forms’ The cube, bounded by sis equal 
squares, the octahedron, bounded by eight equilateral 
triangles, and the rhombohedron, bounded by six equal 
rhombs, are thus simple forms Crystals of which the 
faces are not all equal and simular are termed compound 
forms, or “combinations,” bemg regarded as produced 
by the union or combination of two or more simple forms 
Edges are termed rectangular, obtuse, or acute, according 
as the angle at which the faces which form the edge meet 
is equal to, or greater or less than, aright angle Edges are 
similar when the planes by the intersection of which they 
are formed are respectively equal and equally inclined to 
one another , otherwise they are unbke or dissimilar 
When a figure 1s bounded by only one set of planes, 16 18 


“aces = said to be “developed” When an edge 18 cut off bya 


new plane, it 1s said to be “replaced”, when cut off by a 
plane which forms an equal angle with each of the onginal 
faces which formed the edge, it 13 said to be “truncated ” 
When an edge 1s cut off by two new faces equally inchned 
to the two original faces respectively, it 18 said to be 
“bevelled” When a solid angle 1s cut off by a new face 
which forms equal angles with all the faces which went to 
form the solid angle, it 1s said to be truncated 

In classifying crystals and studying their properties, 1t 
is found convenient to introduce ceitain umaginary lines 
called “axes” Axes are imaginary limes connecting 
points in the crystal which are diametrically opposite,— 
such as the centres of opposite faces, the apices of opposite 
solid angles, the centres of opposite edges Different sets 
of axes may thus be drawn through the same crystal, but 
there 1s always one set, usually of three, but 1 one special 
class of crystals of four, axes, by reference to which the 
geometrical and physical properties of a crystal can be 
most simply explained. These axes intersect one another, 
either at mght angles, producing “orthometnc” forms, or 


total number of primitive or parent forms which can exict, 
we find that there are thirteen such forms and no more 


Nine of these may be regarded as prisms standing upon a base, 
thiee as octahedra standing upon a solid angle, and there 1s one 
“wclve sided fi,ure, or dodecahedion 

Prisms —Of the prisms eight have a four sided base 

If the base 1s square and the yrism stands erect—that 18, if its 
sides or lateral planes as they are called, are perpendicular to the 
Lase—the form 1s termed a ‘“‘1ight square pnsm (fig 6) In 
this the four lateral planes are rectangular and equal they may be 
either oblong or square, 1m the latter case the form 1s the ‘cube ’ 





‘fig 5) When the base 1s @ rectangle instead of a square, the 
form 13 a “‘rght rectangular prism (fig 7) In each of the 
i 
' 
‘aaepa ad 
Fig ¥ hig 6 Fig 7, 


above three forms the cdzcs are twe’ve in number In the cube 
all the edges are eyual In the syuare prism the lateral edges 
are all equal, but aie diffrent from the four equal edges of the 
base In the rectangular prism two vt each base differ in length 
from the other two, while both differ from the literal, hence 
there aie here three sets of edges four m each In each of the 
three forms, however, the solid angles are eight in number, all 
equal, and each enclosed by three nght angles 

When the base 1sarhombus and the prism stands erect, the form 


isa ‘right rhombic Les (fg 8) Two of the angles in the base 
obtuse, two of the solid 
angles corresponding eich 
with each must differ from 
the others So also must 
two of the lateral angles 
be acute and two obtuse 
The four latuial faces are 

When the base 1s 4 Fig 8 
rhomboid, and the pnsm stands erect, it 18 only the opposite 
lateral faces that cim be equal The form is called a ‘ nght 
thomboidal prism’ (hg 9) 

When the base 1s a rhombus, but the prism stands obliquely on 
its base, the form 1s called an ‘‘ oblique rhombic yrism (hg 10), 
Hue the basal edges ot the Jateral planes are all equal in ade dee 
these edges form with the lateral edges of the lateral planes are 
two acute and two obtuse 
a 
4 
++! 
t 
eee 
Fig 10 Fig il Fig 12, 
If all the edges of an oblique rhombic prism are equal in length 
to the breadth of the base, and if the lateral planes are rhombi 
cqual 1n all respects to the basal, the form 1s called a‘‘rhombo- 


being here acute and two 
<a (_*_/ 
a a 
b ; fo 
( 
ual 
but on account of the mchnation of the ae the angles w 
hedron” (fig 11), This 18 weluded within six equal planes, lke 
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t 


348 MINER 


the cube, but these planes have oblique ane The rhombo 
hedron thus bears the same rJation to the oblique rhombic prism 
winch the cube docs to the nght square pusm Of the eight solid 
angles of a rhombohrdron ouly two are contained by three equal 
plane angles ind these two ‘apices, as they may be called, are 
opposite one another A (or ling as the apices are acute or obtuse, 
we have an acute or obtuse rhombohed:on 

When the base of an ol lijue prism is a rhomboid, the prism 
becomes an ‘ oblique rhomboidal prism (fig 12) In this form 
only dia, nally cyposite edges are suuilar, as regards equality 
of Icngth nl the value of the mcluded angle Only opposite solid 
an, les are (qual as are also the opposite and parallel faces 

Anght prom may have an equilateral six sided base, it 1s then 
called in “hexagonilyrism ‘Thus form may be developed in two 
positions relatively to cach other —one 1n which the transverse axes 
pass from the centres of oj poste faccs (hg 18), the other in which 
they pass fiom the cnties of 
opposite clus of the plincs 
(tig 14) Ike faccs of the one 
set mutually trun ate the ¢ Ics 
of the other If a rhcmlo | Ts +e4 
hedion be jositicned 5) as to 
rest upon one cf itsazice the 
facés of one hexagcnal ytism 
would tiuncate the lateral 
edyes of the rhombohce lon, Fig 18 Fig 14 
While the faces of the othe: hexagonal prism would truncate its 
datcral so? d angls © Hexagonal prrsms may be longer or shorter 
than the width cf then bases The iterfacial lateral angles are 
120) The an, ke tetween the lateral and terminal faces 13 90° 

Oct thedia —Thce lanes of these cight faced solids ire tnangular, 
and they may Te x¢,a1de 1 as male up of two four sided py1amids 
ph hed to eich othe base to base They ar always positioned so 
that they stand uj ona solid angle with the basal } lane —that 
is the planc which is the comm)n base of the two py ramids—hon 
vontal In the primitive forms now under considciation the ver 
tices of the two y yram Js will in this position be vertically above 
and below the contre of the bise The upperand lower solid ingles 
are then termed the ‘vertical solid ake and the four latezal 
solid anles are cilled the bisal solid angles 

There are thie octahedrons Inthe regular octahedron (fig 
1° the base 1s as yuirc, anl the erzht ficcs are equilates ol triangles 
of cqual size There are twclve edges which ar aillejual Lhe 
faces incline to each «ther at an an,|c of 109° 28 16 , and have the 
pe angles all 60 = There are six ¢ qual solid angles When the 

of the ovtahcdion 1s sjuare but the other edges, although 


a 


\ 
Fig 17 






Sf 


Fig 15 
ual to one another are cithc Jonger or shorter than the edges 


Fig 16 


of the lase, the form isa tight syuare octahclron (fig 16) 
In this the faccs are isoveles tim ls the ¢ynil ingles bemg 
at the basil elge of the planes ‘Th se basil edyes are equal and 


simular, but diffr in length and in anyles from 
the eight equal pyramidal cls When the 
base of an octahedron 1s a rhombus it 35 called | 
a “right rhombic octahedion (fit 17 \ l 
Dodecahedt on —This (hg 18) has each of its 
twelve fices a rhombus Jt 1s like the cube y 
and the octahedron, a solid which 25 symmetrical 
The interfacial angles are all 120° the plane LY 
angles are 109° 28 16 and 70°31 44  Thccdges 
are twenty four and similar Ther arefouteen "8 18 
solid angles of which six are formed each by the meeting of four 
acute plane angles and eight by the meeting of three obtuse } lune 
angles 
It has been said that the alove simple forms were arrived 
at through a study of the mternal structure of crystals, 
chiefly as disclosed by cleavage Inasmuch, however, as 
there are some minerals which cleave in only one direction, 
and many which cannot be cleaved in any direction, this 
method of mvestigation fails Its employment, moreover, 
frequently led to conflicting or embarrassing results A 
conflicting result 1s woen a substance has more than one 
set of cleavages, —that 1°, splits up m directions which 
would result in the production of more than one of the 
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above primary or simple forms Thus the mmeral fluorite 
occurs with much the greatest frequency m the form of 
the cube, and it might very consistently be held that its 
frequent occurrence in this form was a clear natural 
indication that the cube was the primary or simplest form 
of fluomte, but it splits up into an octahedron Galena 
crystallizes frequently in the form of the octahedron, yet 
to cleavage galena yields a cubic primary form It might 
be conceived that there had been, in each case, some 
special tendency to assume the cubic form and the octa 
hedral form, but one and the same piece of rock may 
bear on its surface cubic crystals of fluor and octahedral 
crystals of galena,—each of the minerals having here 
assumed the primitive cleavage form of the other in pre- 
ference to its own The mineral blende crystallizes not 
unfrequently im octahedra, which yield the dodecahedron 
on cleavage Fluor crystallizes m dodecahedra, yet yields 
the octahedron to cleavage Argynte crystallizes m cubes 
and in octahedra, but yields the dodecahedron on cleavage 
Pyrite crystallizes in cubes, octahedra, and dodecahedra, 
and yields both the cube and the octahedron on cleavage 

These are most embarrassing results, but they clearly 
indicate so intimate a relationship to subsist between three 
of the above simple forms that it 1s obvious that one alone 
would serve as a type form for representing the others 
The selection of that one should be based upon grounds of 
most eminent simplicity, and this again 1s to be arnved 
at by a consideration of the smallness of number of parts, 
1¢, of faces, edges, and solid angles In such a considera- 
tion we find that the dodecahedron, with 1ts higher number 
of each of these, at once gives place The cube has six 
faces, the octahedron eight , simplicity here is in favour of 
the cube The cube has twelve edges, the octahedron has 
twelve, m this respect they are equal The cube has 
eight solid angles, the octahedron sx, here the greater 
simplicity 1s on the side of the octahedron So that this 
method of adjudicating by simplicity fails, and we are 
thrown back upon the relationships which may be unfolded 
through a consideration of the other elements of crystals,— 
their axes 


Systems of Crystals and Laus of Crystallization 

This consideration led, first, to the remarkable discovery 
that several of the above primary forms are mere modifica 
tions of each other, and ultimately showed that all crystals 
found in nature may be referred to six systems, based on 
ertain relations of their axes, and that every face which 
could occur upon a crystal bears a defimte and simple 
relation, in position and in angular inclination, to these 
axes 

As regards mere geometric measurement, there are several direc 
tions in which axes may with nearly equa] advantage be projected 
For example, in the cube 
(fig 19) they may be drawn 
from the centres of opposite 
faces, as letturcd O, or 
fiom opposite solid angles, 

lettered C, or from the 

itres of onesie edges, 
as lettered J) hcre 18 
\bundance of evidence that 
each of these duections 
must be regarded as lines 
of dominant accretion of 
molecules 

But the accretion may be 
not only dominant but 
overwhelmingly so 1n one 
only of these directions in 
certain cases, or existent = 
along one set of axes alone Fic 19 —Position of three seta of axes 
im certain others Jn a specimen of native silver from Alva in 
Seotland (fig 20), along O this ts so much the case that the con 
cretang molecules have done little more than delineate the form 
of an octahedron, and this they have only been able to do by 
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gating themselves in lines of minute crystals of the very 
ane of which they were projecting the skeleton form More 
over, a polar aggregation at the terminal ends of these octahedral 
axes 1s here shown by the amount of concreting and crystallizing 
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found that they all here stand m a definite position one to the 
other that defimite position 18 the relation which they bear to one 
of the sets of axes and this set may be assigned, not only to all 
the three crystals here combined, but also to all the crystals be 
lon to the same mineral wherever occurring This general 
scchesbility constitutes one of the respects m which one special 
set of axes is in each of the systems, preferred to the others 


~ 


Fig 24 Fig 25 


Another respect 1s the intensity with which the molecules cohere Coher 
in the different parts of the crystal as referred to these axes and ence of 
the resultant different hardness of certain parts of crystals It particles 
will be afterwards found that this obtains in a very lumted notequad 
manner in the crystals which belong to the first of the follow in all d- 
ing systems on account of its regulaiity and sameness as a who'* rections. 





Fig 20 


material being large: at the terminations of these axes than else 
where In the hollow faced cube again (ag 21) an aggregation 
of molecules in the direction of the hnes D and © his filled the 

solid angles while none have been deposited along O 





Fg 21 


Fig 22 


This occms in crystals of salt In the hollow faced octahedron 
again (fig 22) thcre has been no deposition of matter along the 
ine C Cujznite often shows this form and it 4s fie yuently o curs 
in hollow face 1 dolccahedri wherem the vacuity 1s m the direc 
tion of D 

In the specum n of pynte from Fila (fig 23) 2 leposition along 
D an1 G would ultimately have erected the scattolding of a hollow 
cule im twelve lines of mmute 
combinations of the cube ant 
octahedron Such die tional 
arrangements may 1 oleover 
not only be intexmittent but 
often alttruate The pynite 
from Tiav sella (fig 24) 1s mn 
ulusti ation of the fist A large 
pentagonal dodecahedion hiv 
ing been completed a new ac 
ession of matical has been 
attache! not uniformly 3] read 
over the pre existent crystal 
to enlarge it but locily ar 
ranged im equal amount at Fi. 93 
the yoles of But here the 'o * 
specitl method of the arrangem nt has determine 1 the formation 
of a number of small crystals of the same form as thit on,inally 
projec ted 

An alternation asit were m plan is shown in sucha rystal of 
caleite as that in fig 25 Hf 1e a scalenohcdron 1s secn in the 
centre of the figure then a rhomt ohe lron has b en per hed upon 
its summit and listly both have becn sheathed ima sia sided prism 
with trihedral summits Dhflerent as these three forms att, it 18 
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It may be laid down as a geneal rule that the edges of crystals are 
harder than the centies of their faces and the sohd angles harder 
than the edges This is marke lly the casein the diamond But 
apart fiom this there 1s no distinctive hardness in any one part side 
or end of the crvstals of the frst system It 15 otherwise with the 
crystals which tall to be considered im all the other systems 
So different 1s the hardn ss of the various portions of these so 
diverse the ay pearance of their yaitsin lustre colour polish &c 
so varying the amount of the recoil of these when struck so unequal 
their yowcr of conductirg heat so lissimilar their power of re 
sisting the agencies of lecay and so uzecon wable their action upon 
transnutted hight that we cannot but conclude that the molecules 
which build them up are packed with greater force 1f not im greater 
number in certain directions in preference to others There thus 
remiuns no question that these nature indicate sets of axes are 
those along which there has been a sjectilly sele treo: polar” 
arrangenicnt 


The sia systems are founded upon the relationships of Systems : 


the axes in number, in length, and m angular inchnation ¢ 
All crystals may be divided into orthometric or erect 
forms and clinometne or inclined forms and in similar 
manner may the system» be through a consideration of 
the relative lengths of their axes divided into three classes 
In the first or most regular of these the axes are all equal 
that 1s, they are of one length in the second there 1s one 
axis Which differs in length from the others, and therefore 
they are of two lengths while m the third the axes are 
all unequal and therefore they awe of three lenzth. Of 
the six systems one belongs to the first class two to the 
second, and thrie to the third Hence they are thus 


classed — 
Afon retric D te Trirretrie 
Cubic 1 tragonil Right Pn matic 
Hex gonal Oth yue Prismatic 


Anorthi 

Though the grouping of the systems into three classes 
in virtue of axial dimensions 1s markedly borne out by 
optical and other propeities, yet 1t 1s altogether msufhaent 
for determining the relationshys of the mynad forms in 
which bodies crystallize Such knowled,te 1» only attained 
by combining the consideration of val length with axl 
melination and it 1s through 1 due rezard of both of these 
that the st systems are instituted 

The above tablu may be read in two different ways, — 
either across or consecutively up and down the page 
The six systems may be treated of in either of these ways, 
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and there are certain advantages in considering them at 
least first by the former method 

We consider first, as the more essential, the relative 
lengths of the axes, and, secondly, the angular inclmation 


of these 
1 In the cubic system the axes are all equal, and all 


intersect at right angles Here 1s the most perfect sim 
pheity, and the most perfect regularity 

2 In the tetragonal system two only of the axes are 
equal, but all still intersect at mght angles Here is a 
departure from simplicity as regards the length of one axs, 
but no departure as regards the angular inclination 

3 In the mght piismatic system none of the axes are 
equal, but all still intersect at mght angles Here 1s total 
loss of regularity m the first particular, but still none in 
the second 

4 In the oblique prismatic system none of the axes are 
equal, and only two intersect at mght angles Here there 
1s again a total loss of simplicity in the first particular, and 
a certain amount of departure from it in the second 

5 In the anorthic system none of the axes are equal, 
and none of them intersect at right angles,—so that here, 


fy as eapressed by the name, there 1s 


a total departure from regularity in 
Fig 26 


both particulars 
See 


6 The hexagonal system 1s 


anomalous in relation to this mode 
of consideration It 1s regarded as 
having four axes, three of which he 
in one plane, parallel to the base, and 
intersect each other at equal angles 


iy 


Fig 27 
(necessarily angles of 60°) 
The fourth axis intersects 
these at right angles and may 
be longer, shorter or equal 
to them This system 15 
generally considered after the 
tetragonal system, as having 
one axis which differs in 
length from the others, and 
only one which cuts the 
others at might angles By Fig 29 
some a rhombohedron 15 con 
sidered as the primary of this 
system, it then comes to 
have three axes all equal, 
but none intersecting at nght 
angles 

In considermg these sys 
tems, or in descnbing the 
form of a crystal the vertical 
or erect axis 1s named the 
principal axis of the figure, 
and that axis is chosen as 
the vertical which 1s the only 
one of its kind = In the cubic 


| | 
Fig 30 
system there 1s no such axis, 


so that any one may be chosen as the vertical 


\ 


Fig 28 


| 
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of forms,—especially in view of the termmology that must 
be employed im illustrating those general aspects of the 
subject,—to give an outline of one of the sux systems here 
For this preliminary description the cubic system, as the 
simplest and most regular, naturally suggests itself as the 
most suitable 


I The Culse System —Here the axes are all equal, and Cute 
all intersect at mght angles The “cube” (fig 26), “octa- system 


hedron’ (fig 30), and “rhombic dodecahedron” (fig 
33), which are here imcluded, are alike mm their perfect 
symmetry , the height, length, and breadth are equal, 
and their axes are equal, and are rectangular mm ther 
intersections 

In the cube (fig 5) these axes connect the centres of 
opposite faces, m the octahedron (fig 15) the apices of 
opposite solid angles, m the dodecahedron (fig 18) the 


apices of opposite acute solid angles The relation of these Relations 
forms to each other, and the correspondence in their axes, of simple 
will be made manifest through a consideration of the trans: forme 


tion between the forms If a cube be projected with the 
axes in the above position, or if a model of 1t m any 
sectile material be employed, and if the eight angles are 
sliced off evenly, keeping the planes thus formed equally 
inclined to the original faces, we first obtain the form in 
fig 27, then that in fig 28 and fig 29, and finally a 
regular octahedron (fig 30), and the last disappearing 
pomt of each face of the cube 1s the apex of each solid 
angle of the octahedron Hence the axes of the former, 
being in no way displaced, necessanly connect the apices 
of the solid angles of the a 
latter By cutting off as 
evenly the twelve edges of 
another cube, the knife being 
equally inclined to the faces, 
we have the form m fig 31, 
then fig 32, and finally the 
rhombic dodecahedron (fig 
33), with the axes of the cube 
connecting the acute angles of 
the new form These forms 
are thus mutually derivable 
Moreover, they are often pre 
sented by the same mineral 
species, a8 1s exemplified in 
galena, pyrites, and the dia 
mond 

The process may be re 
versed, and the cube made 
from the octahedron, as will 
be readily understood from a 
comparison, im reverse order, 
of figs 26to 30 Or the cube 
may be similarly derived from 
the dodecahedron, as seen by 
mspecting figs 33, 32, 31, 26 

The octahedron also 18 
changed to a rhombic dodeca 
hedron by removing its twelve 
edges (figs 34, 35), and con 
tinuing the removal till the 
original faces are obliterated, 
thus producing the dodeca 
hedron 

Tt will be observed that throughout all these changes 
the position of the axes, as determinants of dimensions, 
need not be altered,—that, m fact, one set of axes has 
served for all the forms 

The relationships of the prinupal forms of this system 





Fig 33 


It will be convement, bcfore proceeding to the considera- being thus disclosed, the forms themselves have next to be 
tion of the laws of crystallography and the combinations considered 


hedron 


Dodeca 
hedron 


Tetrakis 
hexa 
hedron 


hedron 
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The cube (fig 26) is bounded by six equal squares, has 
twelve edges formed by faces meeting at 90°, and eight 
solid trigonal angles The axes are taken as joining the 
centres of each two opposite faces Examples are hallite, 
gelena, and fluor 





Fig 35 


The octahedron (fig 30), bounded by eight equilateral 
triangles, has twelve equal edges with planes meeting at 
109° 28 16, and six tetragonal angles The pmncipal 
axes join the opposite solid angles Examples magnetite, 
gold, cuprite 

The rhombic dodecahedron (fig 33) 1s bounded by twelve 
equal and similar rhombi, has twenty four equal edges of 
120°, and has six tetragonal and eight trigonal angles 
Each of the principal axes joins two opposite tetragonal 
angles Examples garnet, cuprite, blende 

The tetrakishexahedrons (figs 36, 37, 38, varieties of 
icositetrahedron) are bounded by twenty four isosceles 
triangles, placed so as to form four sided pyramuds on the 
faces of the cube, arranged in 
six groups of four each They 
have twelve longer edges, which 
correspond to those of the pri 
mitive or inscribed cube, and 
twenty four shorter edges placed 
over each of its faces The 
angles are eight hexagonal and 
six tetragonal, the latter joined 
two and two by the principal 
axes Examples fluonte, gold 
This form varies much in general 
aspect The four sided pyra 
mid which rests on the edges 
of each face of the cube may be 
so low as almost to fall into it 
(fig 36), or 1t may rise so high 
that each side forms a level 
surface with that which 1s ad 
jacent to it upon the nearest 
cubic face (fig 38) In the 
latter case the form has become 
the rhombic dodecahedron so 
that the more or less acute 
varieties of the form are but 
stages of a passage of the cube 
mto the latter figure, through 
an increasing accretion of matter 
in the lines of the axes of the 
cube This is termed a “tran 
sition by increment 

The triakisoctahedrons, fig 39 
(variety of icositetrahedron, 
fig 40), are bounded by twenty 
four isosceles triangles, in eight 
groups of three, arranged as pyramids on the edges of 
the faces of the octahedron Like the previous form 
they vary in general aspect, the vanation here being from 





Fig 37 


Fig 38 


351 
the octahedron on one side to the rhompie dodecalwdron 
on the other, while the mereased accretion here is in the 
direction of nes jommg the centres of the faces of the 


octahedron or the solid angles of the cube The passage 
of the forms 1s similar to that illustrated mm the last-con- 


Ar 
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Fig 39 





Fig 40 


sidered form The edges are twelve longer, corresponding 
with those of the inscribed octahedron, and twenty four 
shorter, three and three over each of the faces The angles 
are eight trigonal and six ditetragonal (formed by eight 
faces), the latter angles jomed two and two by the principal 
axes Examples galena, diamond 


The 1cositetrahedrons (fig 40) are bounded by twenty fcom- 
This form varies from the octahedron to tetra- 
the cube, sometimes approaching the former and sometimes bedron 


four deltoids 


the latter m general aspect A four sided pyramid rests 
on the angles of the faces of the cube When increased 
accretion takes place along the cubic axes, an octahedron 
results When it 1s along lines joing the solid angles 
of the cube, that form itself results The edges are twenty 
four longer and twenty four shorter The sold angles are 
six tetragonal jomed by the principal axes, eight trigonal, 
and twelve rhombic or tetragonal with unequal angles 
Examples analcime, garnet 


The hexakisoctahedrons (fig 41), bounded by forty eight Hexalns- 
scalene triangles, vary much in general aspect, approaching octa- 
more or less to all the preceding forms, mto all of which bedrou. 


they may pass, but most frequently they have the faces 
arranged either in sia groups 
of eight on the faces of the 
cube, or eight of six on the 
faces of the octahedron, or 
twelve of four on the faces of 
the dodecahedron There are 
twenty four long edges, often 
corresponding to those of the 
rhombic dodecahedron or bi 
secting the long diagonal of 
the trapezohedron, twenty four 
intermediate edges lymg in 
_ as over each edge of the 





Rig 41 
inscribed octahedron, and twenty four short edges mm pars 


over the edges of the inscribed cube There are six dite 
tragonal angles jomed by the principal axes, eight hexa 
gonal, and twelve rhombic angles Examples diamond, 
fluorite 

General Laws of Crystallography —The seven forms of 
crystals now described are related to each other in the 
most intimate manner This will appear more distinctly 
from the account which 1s to follow of the mode of deriva 
tion of the forms, with which 1s conjomed an explana 
tion of the crystallographic signs or symbols by which 
they are designated These symbols were introduced by 
Naumann, in the belief that they not only mark the forms 
in a greatly abbreviated manner, but also exhibit the 
relations of the forms and combmations in a way which 
words could hardly accomplish —_In order to follow out this 
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derivation of forms, it 18 necessary to state briefly the 
following laws, which have been established mm crystallo- 
graphy It 1s to be remembered that these laws apply, 
not merely to the cubic system Just described, but to all 
the systems 

1 The Law of the Invarvabultty of the Angles of Crystals, 
which was established by Romé de | Isle, may be thus 
stated —the angles of inclination of the faces of a crystal 
are constant, however unequally the faces may be developed 
The corresponding angles of different crystalline specumens 
of the same body do not, however, alvays absolutely agree 
Differences have been found, amounting sometimes even 
to 10 

2 The Law of Symmetry, discovered by Hauy, may 
be thus expressed —{1) similar parts of crystals—faces, 
edges, angles, and consequently axes—are all modified in 
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iry to know the distance of three points in 1t from the centre 
of the crystal, which 1s the point in which the axea mtersect each 
other As the planes of all crystals are referred to their axes, the 
points n which the face (or its supposed extension) meets the three 
axes of the crystal are chosen, and the portions of the axes between 
these pomnts and the centre are named parameters of the face , anil 
the penn of the face 1s sufficiently known when the relative 
length or pore tion of these parameters 1s ascertamed When the 
position of one face of a simple form 18 thus fixed or described, all 
the other faces of the form are in like manner fixed m accordance 
with law 2, since they are all equal and similar, and have equal 
Penal 1s, Intersect the axis in the same proportions 
ence the expression which marks or descnbes one face marks 
and describes the whole figure, with all its faces 
The octahedron 1s adopted as the panty or fundamental form 
of the cubic system, and distinguished by the first letter of the 
name, 0 Its faces cut the haf axes at equal distances from the 
centre , so that these semiaxes, the parameters of the faces, have to 
each other the proportion 1 1 1 In order to derive the other 
forms from the octahedron, the following construction 1s employed 


the same manner, and dissimilar parts are modified 
separately or differently, (2) the modifications produce the 
same effect on the faces or edges which form the modified 
part, when they are equal , when they are not equal, they 
produce a different effect That is, 1f an edge be truncated 
or bevelled, every similar edge will be similarly truncated 
or bevelled , 1f an angle be truncated or acummated, every 
similar angle will be similarly truncated or acummated , 


Suppose a plane to be laid down perpendicular to one axis, and Propor- 
consequently parallel to the two other axes (or to cut them at an in- tion of 
finite distance, expressed by oo, the sign of infinity), then the para 
hexahedron or cube 1s produced, designated by the oye ene meters 
sign oOo ,—expressing the proportion of the parameters of its expressed 
faces, or © 1 o If a plane 1s supposed placed on each edge, by 
parallel to one axis, and cutting the two other axes at equal dis symbols, 
tances, the resulting figure is the hombic dodecahedron, designated Notation 
by the sign 0, the proportion of the parameters of 1ts faces beng of Nau- 
o 1 1 The tnakisoctahedron arises when, on each edge of the mann, 
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and consequently every similar axis will be equally affected 
by the modification, Thus the cube has eight sumular 
angles and twelve similar edges In the physical produc- 
tion of the cube, if one of the angles or edges be modified, 
all will be sumilarly modified This, which 1s the most 
important law of crystallography, 1s, however, subject to 
an exception which was fully formulated by Weiss The 
law was—all the sumilar parts of crystals, fares, edges, 
angles, and consequently axes, are modified at the same 
time and in the same manner, the forms resulting from 
this law are termed “holohedral ’ The exception 1s that 
half of them or one fourth of them only may be similarly 
modifiid When only half of the similar parts are modi 
fied, wo get the “hemihedral forms, when one fourth 
only are modified, which occurs only rarely, we get 
“tetartohedral forms 

3 The Lau of the Parallehsm of the Laces of a Crystal, 
discovered by Romé de lIsle, may be eapressed as 
follows —every face of a crystal has a similar face parallel 
to it, or every figure 15 bounded by pairs of parallel faces 
(with the exception of certain hemihedral forms) 

4 The Law of Zones, first established hy Weiss, may be 
thus enunciated —the lines in which seveial faces of a 
erystal interscct each other (or would do so if they were 
produced until they met) frequently form a system of 
parallels Such a series of faces 13 termed a “zone ’ 
Sometimes the zones are parallel to one of the symmetrical 
axes Thus, in every prism, the faces of the prism con 
stitute a zone which envircles the axis of the prism Faces 
may be in a zone although they do not actually intersect 
on the form 

5 The Law of the Ratonalsty of the Parameters of the 
faces of crystalline series, first dicated by Malus, 1s that 
the position of planes may be assigned by numbers bearmg 
some simple ratio to the relative lengths of the axes of the 
crystal This law was the outcome of investigations into 
the relationship of forms glanced at in commencing the 
consideration of the cubic system, and was arrived at 
through the study of thc mode of derivation of forms 


The derivation of forms 15 that proccss by which from one form 
chosen for the purpose and c nsiderd as the type — the furda 
mental or primary form —all the other forms of a system may be 
produced, according to fixed principles or general laws In order 
to understand this process or method of derivation 1 must be noted 
that the poaitior of any pane 1s fixed when tle position of any 
three pomtsin it, not all in one straight ine 1s known To deter 
mine the positon, therefore, uf the face of a crystal, it is only 


octahedron, planes are placed cutting the axis not belonging to that 
edge at a distance from the centre m, which 18 a rational number 
greiter than 1 The proportion of its parameters 18 therefore 
m 1 1, and ats sign mO, the most common varieties are $0, 20, 
and 30, seen in diamond and fluonte When, on the other hand, 
from a similar distance m in each two semiaxes prolonged a plane 
1s drawn to the other semiaxis, or to each angle, an 1cositetrahedron 
18 formed , the parameters of its faces have consequently the pro- 
portion m m 1, and its signs mO?t the most common vaneties 
are 202 and 803 —the former very frequent in leucite, analcime, 
and garnet, the latte: in gold and amalgam When, again, planes 
are drawn from eich angle o1 the end of one semiaxis of the octa- 
hedron parallel to a sec »nd axis and cutting the thud at a distance 
nm greater thin] then thc tetrahishexahedron is formed, the para- 
meter of its facesis © = 1, 1tssignis On, and the most com- 
mon varieties in nature are o()3, 002, and 003 Finally, if m 
eich semiaxis of the octihedron two distances m and # be taken, 
each greater than 1, and m also greater thann and planes be drawn 
from each angle to these pomts so that the two plines lying over 
cach elge cut the second semiaxis belonging to thit edge at the 
smaller distance » and the third axis at the greater distance m, 
then the hex.kisoctahedron 1s produccl the parameters are 
m x 1, 1ts sign 72On, and the most common vanities 30%, 402, 
and 508, secn in diamond and fluorite 

It must be observed that the numbers in the above signs refer to 
the parameters of the faces —not to the axes of the crystal, which 
are alnays equal One parameter also has always been, n the above, 
assuined =1, and then either one only of the two other para 
metas, muked ly the number before O or both of them, marked 
by the numbers before and after O, have been changed 

In the above consideration of the mode of derivation of these 
forms actually found in nature which belong to the cubic system, 
it will be observed (though the illustrations were limited) that the 
value of m and 7 in these indicated by the precision of the propor: 
tions 3 2 or 3, a definite numerical relationship Thus at once led 
up to the extended observations which established the law above 
stated of proportionality in the modification of crystals, or the 
rationality of the parameters which gives a mathematical basis to 
the science, adding to symmetry of arrangement a numerical rela- 
tion in the position of the y]anes 

To illustrate this in 9 general form (and not merely with special 
reference to the mode of notation or expression of Naumann, which 
13 that adopted in the subse yuent descriptions), let AOA, BOB’, 
COC (fg 42) be the three 1x¢3 of a crystal, drawn in perspective, 
and entting one anotherin the centr.O The semiaxes OA, OB, OC 
are three parameters Now in the line OA take Oa,—40A, and 
Oa,=40A,—making as many points as may be necessary be 
tween OA, ratwnal fractions of OA Subdivide OB and 0g Ina 
similar manner Further produce OA, OB, OC to Ao, Bo, Co, m 
eich direction to an infimte distance, or to a supposed infinite 
distance, as eapressed by the arrow head, and suppose these ex 
tended axes to be divided in a manner similar to the subdivisions 
of the parameters by rafionil multiples of OA, OB, and OC All 
the planes of a crystal will be parallel to one or other of the planes 
which pass through three of the pounts thus determined 

First, 1n order to apprehend the relationship of faces to these axea, 
or to the half axes,—the parameters of the faces,—let us suppose one 
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ve of a crystal to be so situated as to cut the three paramcters 
A, OB, OC at thur extremities A, B, C, which 1t must be remem 
Lered are points equi ; 
distant from the centre 
or let it be supposed 
that a glass plate rests 
upon three intersect 
ing wires at su h 
points It 1s evident 
that such a plane or 
late will have a de 
nite elination or | 


t 
slope Suppose fur ——-——— 


ther a second pline B 
or plate to exist ats 
which cuts the thic 


semlaxes in the point» 
@, ba, ¢, which have 
been measured off 
(along with a, b ¢) } 
as equidistant from O A{ 
It will be evident that . 
such a plane, thou h 
staalle: will be parallel 7 
to the first seein, that, like it, it ents the three parameters at 
equal distances from U 
A little consideration will show that, whatever the absolute dis 
tances from the centre may be so long as the supporting subdiv1 
sions are equal no new slope of the glass plites or planes is 
possible , planes so situated must be parallel andsimilar Au sizn 
which may be adopted to express the slope of one of such ] lanes 
must be aj plicable to all A planc, however, cuttmg the points 
a, b, co Will have quite a different slope 
Let us now suppose a pline to cut a differcot set of the semiaxes, 
namely OA, OB OU, im the pomts -a,, -,, -c, Sucha plane 
would be parallel to one cuttmg the pomts -a,,-b, —cm and ales to 
the set of planes fist described, but on the opposite side of the centre 
of the crystal If 1a1n, however, we had a plane cutting the sem 
axes OA and OB in -a, -b, but the semiaxis OU im the point 
—¢y 1b 13 clear that the slope of this Lees would be quite different 
from that of the ylancs just desembed, but 1t would be parallel to 
the plane cuttin, th points a, b,,¢ This slope, like the other 
evidently depends n t on the absolute len,ths of the portions of 
OA, OB OU cut ff but upon their proportions or ratios wd 
such is the case with all the plancs which are referred to the same 
axes 
As there are thice axes, and ech or all of them may be cut atany 
points and at any 11Mo» it 1s evident that the number of planes 
which 1s yosstble 1s inhmite , and it must be also evident that the 
inclinations of all ue hacd or determinate if we hnow the ratios 
While, however the possible number of planes 1s infinite the atual 
number occu. av on, minerals is cither small or moderate, in 
vitue of the fi tthat the ratios of subdivision of the uxcs are always 
simple anl not numerous 
aumann s symbols for the notation or individualizing of planes 
have been slic 1 at =A simpler method 1s that of emploving 18 
mclices the denominitors (if simple fractions) of the frictional parts 
of che axis cut Thus 111 1s used for any plane parallel to that 
cutting the wes ina, 4, ¢, 122 for those parallel toa, b, c. v18 
s0F dy, 0), ¢; anl so on 
When any of the } outs referred to have negative signs the o1 
responding indies hive negative sins placed ovr them Thus 
122 1s the m1 \ for a plane parallel to a,bc 10318 the index 
of the plane a, bx vs o here induates intmty thatis the 
ylane never woull cut the avis B howcver fir it were extended in 
other words it is parallel toit The necessity for elongating the 
axes 18 brought about by the occurrence of Iughly wuminating 
planes, which in many cases would uot meet the aacs at all url ss 
these were piolonze i 
If the a\cs are unequal, as in the trimetnic forms then the ratio 
1s of the same chuvter except that the ielative lengths of the axes 
come into consideration but here, as m the regular sy stem, irritional 
values cannot ovcm, and m even the most complex crystals the) 
seldom excced seven, either as aliquot pirts or multiples 
It will thus be scen that in crystals shei 15 no haphazard seatter 
ing of faccs but 1 complete subservincy to law a daw which my 
be said to le the linear equivalent to the law of multiple pj or 
tons by waght ani Gay Lussacs law of multiyle proj orti ns in 
combination by volume 
In abbres tition of all the systematic modes of notation lettur of 
the Latin an 1 Greek alphabets are frequently emyloyed ma 
less aibitrary manner and with advantage in the case o: 
complex forms 


6 The Law of Symmetry of Crystalline Combinatron 


ae is the consequence of the law of symmetry and the law of 


floa, 


the rationality of the parameters, and has been partally 
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stated in enunciating these laws It 1s thus expressed -— 
(1) @ substance can only crystallize in forms, wether 
simple or compound, which have the same relative 
symmetry, that 1s, belong to the same crystalline system, 
and the parameters of the faces of which bear a simple 
relation to each other, that1s, belong to the same axis, (2) 
a form cannot be modified by faces belonging to a different 
system, or a different series 


Certain exceptions to the first part of this law occur Apparea 
The element carbon occurs as the diamond, which 1s cubic, ¢*°eP 
and as graphite, which 1s hexagonal Sulphur occurs near “°™* 


voleanoes in needle crystals belonging to the oblique 
pusmatic system, and also in caves (deposited apparently 
from solution) in crystals belonging to the mght prismatic 
system Titanic acid 1s tetragonal in rutile, and mght 
jrismatic in brookite Carbonate of lime 1s hexagonal in 
calcite, and prismatic in aragonite These are probably 
cnly apparent exceptions The elementary substances 
which go to form them occur in different allotropic states, 
with different amounts of specific heat, and it 15 probable 
that in these different states they go to form the above 
modifications, which are therefore, n every respect, except 
m their chemical composition, different mineral bodies 
The physical differences between diamond and graphite 
may suffice as an illustration The diamond is trans 
parent, colourless, brittle, and extremely hard, graphite 
1s opaque, black, tough, and so soft as to be utilized as 
a lubricant 

Spheres of Projection —The foregoing scheme for the 
development of the relation which subsists between faces 
of crystals and their axes affords but shght aid in display 
ing the position of the faces, or their mutual relationship» 
The delineation even of a considerable series of crystal 
forms does not indeed go far in effecting this,—on account, 
first, of very unequal development in the size of the faces 
of crystals, and, secondly, on account of the habit of 
development of these face not only differmg largely, but 
being special to certain localities,—a» in the entire abvence 
of some faces, and in the preponderance of others 

Maps of the whole domain occupied by the forms of each 
mineral have been happily projected for such display 
The projection 1s laid down as ona globe, in accordance 
with stereographic projection, and admitting of calculation 
according to the laws of spherical trigonometry These 
globe maps are called ‘‘spheres of projection The centre 
O 1s the common centre of the crystal and of the sphere in 
which the axes imtersect The three axes will of course 
meet the circumference of the sphere in sia points called 
the “poles of the axes” From the centre radu are 
supposed to be drawn, meeting each plane perpendicularly 
It i» evident that such radu will have fixed inclinations to 
each other They are called ‘normals to the planes, and 
the points in which when produced they meet the circum 
ference of the sphere of projection are called the ‘ poles 
of the corresponding faces A face and its pole thus call 
for only one symbol The angle included by any two 
normals 1s the supplement of that included by the two 
corresponding faces 

It is thus easy to determine the angles of any two 
normals when that of the corresponding faces 1» hnown, or 
vue rersa = Thus, if the angle between two faces 125, 
that of the normals will be 55° The spheres of projection 
are specially adapted to enable us to avail ourstlves of the 
aid to calculation afforded by the forenoted fact that sts 


of faces lie parallel to each other, forming zones for, when Zones 


projected on such a sphere, the normals of the jarallel 

tices will all hem one plane and the pols ail cutting 

its surface in the direction of one line may be connected, 

and »o form a great circle on the sphere Ibis 1» called 

the “zone circle” A line drawn throuzh the centre of the 
XVI — 4s 
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zone plane, cutting it at night angles, 1s the “zone axis >, at 
1s parallcl to all the faces, and intersections of the faces (if 
they are extended enc uh to intersect , of the zone A face 
may be comm n to two or more zones , Its normals will then 
coincit with the anterscctions of the sevcral zone planes 
Inth al nc of actual spheres upon which to detail the 
facts which . to form the “sphere of projection” of each 
ulstuce the hemisphere 15 represented on a plane surface 
Ilus las cf necessity the disadvantage, eaccpt as regards 
the carcumfeicntial zone of introducmg spherical distance 
distortion—torcshortening of all parts lyimg near the cir 
cumference but the eye soon gets accustomed tothis Fig 
43 presents the principal zones of the cubic system, and 
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Fig 48 


shows the position of the poles of the faces of the cube, 
the octahedion, and the rhombic dodecahedron 0, 0,0, 
dc, arc the poles of the octahedral faves, a,,@,, a, dc , those 
of the fucs of the cube, and d,, d,, d,, dv, those of the 
rhombic dodecahedron It will be observed that the faces 


of the cube fall into the zone circles of the octahedron and 
dodecahedron, while those of the octahedron fall into those 
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Fic 44 —Priney al Poles of ( ibic Svsvem im Octant of Sphere 
of the rhombic dodecahi li n Considers this as a 
delineation ct a lobe, these zone circles come to represent 
latitude and longitude , and, as Imost all the faces in this 
system fall into some zone circle it 15 clea that the 
latitude and longitude of all normals may be readily laid 
down, and their relations at once determined by spherical 
trigonometry Fig 44 shows the arrangement of the poles 
of all the forms belonging to the cubic s*™tem noticed 
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above, or referred to in the present article,—delineated on 
an octant of the sphere of projection It displays the 
perfect regulanty of the system 


Hemihedral and Tetartohedral Forms —The exception to the Hem 
second law (that of symmetry), which was farmulated by Weiss, hedr 
ws to the effect that one halt or even one fomth culy of the faces form 
which g¢0 to form a holohedial erystal may be piesent When but 
cne halt of the faces ] 1esent themselves the f 1m 1s termed hemi 
} dial when only one fomth itis tetartohediil I hese restrained 
d velcy} ments have now to be considered In hemthedial forms 
the development 1s 1cstiamed but symmetiy is not deranged , 
half the sumilai parts are still alike, though unlike the othe: half 

There arc two classes of hemihedral forms — 

I ‘Those forms in which half the similar anes 1 ¢ lees une 
modified mdejendently of the other hilt ( hem) lohedial ), 

j 1oducin.— 

1 In the monometiic and dimetrie systems tetrahedial and 

sphenoidal forms 1) the inde endent ie] lacement ct the alter 
nite angls then op} osite fues are nct yurllel ani they ue 
lence callud ainchned hemihedrons asim chailccy yuite 1 iacite? 
Lhe rey lacument in tl e dimctiie system of ts cpp cuit Fa al edies 
it one base and the othe: two at the oj ;cs1 ¢ 1 ise Is of the same 
ind as in edingtonite 

2 In the trimetiic svstem ‘ monoelimie forms ty the 1¢} lace 
rient of half the similar jaits of one Lase anl the diagonally 
cy] csite of the other unlike the other half as imdath lite humite 

3 In thetrimetric and hexagonal sj stems hemimciy hic forms, 

1\ independcnt 1¢] lavements at the ojyzosite evtiemitics of the 
uystal, asin topaz calamine tcwnaline 

4 In the rhombohedral sjstum, ly the 1¢jlacements of the 
alternate | asil edges o1 angles of the rhonmbohedi 1 {c1my usually 
called ttartohedial 1 quaiter forms on the ,1cund that 
mathematically the shoml ohedion 1s a hambhe hil team dei d 
trom tl hcsagonal prism whichis the tyye of the hex ional system 
lock ciystal 13 usually develcy ed according tc tl 1s law 

II Jhose forms m which all the sumln an.ies cr edges are 
nodiied but by half the full o: normal numlei of ylancs ( holo 
hemihedial ) produan,— 

1 In the monometiic system yritohedial fuin tv rey lace 
ment of the edges o1 an,Jes as m jvutes Sh tims lave 
oj} site faces parallel and are often called y ule] hounl edions 

Z Inthedimetii system pyramidal ul 95 len ital forms, 
by a 1¢jlacement of the a ht solid angles of Ue y1mary prism, 
according to two methods 

3 In the hexagonal system “pyramalal al gyroidal 
forms, by a replacement of the solid ans f Te hevajoni 
prism, or of the six lateral an_les of the 1] um) ole hon accciding 
to two methods as m quart/ and ay atite 

The al ve ilustiations sh w that hemih di1m 15 not only 
divided into two classes but 1s of yalous Jind ad these have 
been systematived as f llows — holomoiyli am which the 
occur1ing } lanes } e1tain ¢ jually to the uy yor and lower (c1 07 } osite) 
1an,es of sectants as in ordinary hemihehions mi (~) hem 
morphic m which each sct of a ee yetaims to citla the uy pei 
or the lower range but not to both As to the 1clitive } csition of 
the sectants which conta the j lanes the forms n tv le vatically 
direct asim baryte vertically altcmite asm the tetrahedron the 
rh ml heiron and the jlazthedial fices of quait? and vatically 
obliyu isn many fo1ms cf ch ondrodite 

In hemm »phic forms symmetry 315 derangcl the avstals ae Hen 
bounded at the opposite en Js cf ther mam axcs ly f1 (s belonging mor 
to distinct forms or modifications —alw iy 1a forn 
however of the same system hence ouly tlc 
uy pei or the undei halt of cach aystal can | 
1e,arded 1 comy Iete as 1¢ga1 ds the form there 
secn and so for each end 1t 1s half formed 

Fig 4o represents a crystal of tourmaline 
which 1s bounded 
on the upper end 
ty the planes of : 
the 1hombohedrons 
R (P) and - 2R (« 
and on the lov er ‘ 
end Ly the basal 
ymacoid (A) In 
hg 46 of smith 
smte the upper 
¢«\tiremity showsthe 





Fig 45 


Fi, 46 
Tase 4 two biachydomes o anly and two macrodomes mand Z, 
1 As the parts of either hilt are alternate there stillr sults 


trial sold As either one or other half miy be the onc thus 1 odified 
there may result two such symmetric solids which stand 11 un Inverse 


yosition to one another When the modifications affect tl uy y er might 
hanl soll angle the resulting form 1s called + , when the upper left 
hand angle it 1s — 


Hem: 
hedral 
forms 
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sue on the lower end it 1s bounded by the faces P of the primary 
one 

It has been found that all hemumorphic crystals become electn- 
cally polar when heated, that 1s, exhibit opposite kinds of electricity 
at opposite ends of the crystal The subject will be more fully con 
sidered undet the electricity of mmerals 

The hemihedral forms of the cubic system are the followmg — 

1 The tetrahedron (fig 47), hembhedral of the octahedron, 13 
bounded by four equilateral triangles It has six equal edges with 
faces meeting at 70° 32, and four trigonal angles The principal 
axes join the middle points of each two opposite edges Examples 
fahlore, boracite, and helvine 


WV 


Fig 47 Fig 48 

2 The tmgonal dodecahedrons (fig 48), hemihedral of the 1cos1 
tetrahedron, are bounded by twelve isosceles triangles, and vary in 
general form from the tetrahedron tothe cube There are six longer 
edges corresponding to those of the imscribed tetrahedron, and 
twelve shorter, placed three and three over each of its faces and 
four hexagonal and four trigonal angles Example tetrahedrite 

3 The deltoid dodecahedrons (fig 49), hemihedral of the triakis 
octahedron, are bounded by twelve deltoids, and vary m general 
form from the tetrahedron on the one hand to the rhombic 
dodecahedron on the other They have twelve longer edges lying 
1m pairs over the edges of the mscribed tetrahedron, and twelve 
shorter edges, three and three over each of its faces There 
are six tetragonal (rhombic), four acute trigonal, and four obtuse 
tngonal angles The principal axes joi, two and two, opposite 
thombic angles Example tetrahednte 


Fig 49 Fig 50 

4 The hexakistetrahedrons (fig 50), hemihedral of the hexahis 
octahedron, are bounded by twenty four scalene triangles, and most 
commonly have their faces grouped in four systems of six each 
Ihe edges are twelve shorter and twelve longer, lying mm groups of 
three over each face of the inscribed tetrahedron, and twelve in 
termediate in pairs over its edges The angles are six rhombic, 
joned in pairs by the principal axes, and four acuter and four 
obtuser hexagonal angles xample diamond 

In these forms, often named ‘‘tetrahedral, the faces are oblique 
toeach other Their derivation and signs areas follows The tetra 
hedron arises when four alternate faces of the octahedron two 
opposite above and two intermediate below, are enlarged so as to 





obliterate the other four, and its sign is hence . But, as either 


four faces may be thus enlarged or obliterated two tetrahedrons can 
be formed, similar in all respects except in position, and together 
making up the octahedron These are distinguished by the signs + 


ind ~, added to the above symbol, but only the latter in general 
expressed, thus -3 In all hemihedric systems two forms simi 


larly related occur, which may thus be named complementary 

forms The trigonal dodecahedron 1s derived from the icositetra 

hedron by the expansion of the alternate tngonal groupe of faces 
2 ) 


Its sign 1s aie the most common vanity beng as The 


deltoid dodecahedron 1s 1n like manner the result of the increase of 
the alternate trigonal groups of faces of the tnakisoctahedron, and 


its BIgD 18 = 7 Lastly, the hexakistetrahedron arses in the 
development of alternate hexagonal groups of faces 1m the hexa- 
fusoctabedron, and its sign 1s = 
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Two semitesseral forms with parallel faces occur (1) The 
pentagonal dodecahedrons (fig 51), bounded by twelve symmetrical 
ntagons, vary in general aspect between the cube and the rhombi. 
odecahedron They have six regular (and in general longer) 
edges, lying over the faces of the inscmibed cube, and twenty 
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Fig 31 Fig a2 


four, generally shorter (seldom longer), edges, usually lymg 114 
pairs over its edges The solid angles are exght of three equa 
interfacial angles, and twelve of three interfacial angles, of which 
only two are equal ach principal axis unites two opposite regular 
edges, This form 1s derived from the tetrakishexahedron, and its 
sign 18 =o . It.1sfound frequently m iron pyrites and cobaltine 
(2) The dyakisdodecahedron (fig 52), bounded by twenty four 
trapezoids with two sides equal, has twelve short, tnelve long and 
twenty four intermediate edges The angles are six equiangular 
rhombic, united im pairs by the principal axes, eight trigonal, and 
twenty four irregular tetragonal angles It 1s derived from the 


mOn the brackets beng 
used to distinguish it from the hexakistetrahedron, also derived 


from the same primary form It occurs im iron pyrites and 
cobaltme The two other semitesseral forms, the pentagonal 


a , | | | 
Fig 53 Fig of 


dodecahedron (fig 53), and the pentagonal icositetrahedron (fig 
54), both bounded by arregular pentagons, have not yet been 
observed in nature 


hexakisoctahedron, and its sign 1s 


Combinations —The above mentioned forms of the tes Combmna- 
seral system (and this 1s true also of the five other systems tiors 


of crystallization) not only occur singly, but often two, 
three, or more occur united in the same crystal, fo.ming 
what are named combinations 

In this case it 1s evident that no one of the individual 
forms can be complete, because the faces of one form must 
interfere with, by diminishing, the faces of other forms 
A combination therefore implies that the faces of one form 
shall appear symmetrically disposed between the faces of 
other forms, and consequently take the place of certain 
of their edges and angles These edges and angles are 
thus, as it were, cut off, and a greater number of new 
ones produced in their place, which properly belong neither 
to the one form nor the other, but are angles of combina 
tion These new faces are hence termed modihcations, 
and the orginal or primary or simple form is said to be 
modified Usually one form predommmates more than the 
others, or has more influence on the general aspect of the 
crystal, and hence 1s distinguished as the predomimant 
form, the others bemg considered subordinate 


The sign of the combination consists of those of its constituent 
forms, written in the order of their influence or importance in the 
combination, with a point between each pair 

It will be readily seen that such combmations mav be exceedingly 
numerous, or rather infinite and onls 1 fuw of the more common 
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can be noticed Many others more complicated will occur in the 
descr tive jart of this article Among holohedral combinations, 
the cube octahedron ind rhombic d decahedron are the predomin 
ant forms In fig 27 the cule has its angles replaced by the faces 
of the octahedron which truncate the angles and the sign of this 
combination 1s 0c QO In fig 28 this process mav be regarded as 
havin, yroc cde still farther so that the faces of the octahedron 
n aly cy. thos of the cube while m fig 29 hey now predom 
inate th sign still of the same two elements but in reverse 
¢ ler 150 Qo Itwill thus be seen that through 1n increase in 
tl ati unt of the alstraction of the faces of the cube the figure 
g tially passes ov rinto that of the octahedron This may occur 
1 all 4cs andis termed the passig of the cube into the octa 
] hn (or vice versa) 01a transition » decrement 

lh tg 81 the cube has its edges rezlaced by the faces of the 
11 mi dodecahedron which truncite the edges the sign being 
+Or oo while in fig 32 there 1s the same combination Lut with 
tl faces tthe cube subordinate and hence the sign 1s ©0 wQo 
The f rmcr {gure 1t will be seen has more the general asy ect of the 
c be the litter of the dodecahedron Here the solid angles of the 
l tt: ar truncated by the faces of the cule and we have the 
uss ,¢ f the cube into the dodecahedron by decrement Ihe 
sin trarsition through truncation or decrement could be shown 
11. Il  esofcombmations and in both directions the last Hes 
f the }assa,e ito one o1 other form alwys consisting of the 
rey lace ent of its solid or interfacial angles by faces of the de 
jarting fgure more or less minute A fcw illustrations of this 
111 le given in the three most important forms 

‘Lhe relationship of the tetrakishexahciron to the cube has 
alove been stated to be thatits faces form six low quadmlateral 
yyrami1 which rest upon or spring from the edges of the cube 
(From this the form detives its trivial name ¢f four faced cube ) 
Henc_ these fa es bevel the edges of the cube The first stage of 
such bevelling (or the last stage of thc truncation of the tetrakis 
hexahedron by the faces of the cule—whicheve1 way 1t may be 
repirlei) isseen in fig 55 As the cubic face is here dommant 
the sign 13 O00 oO. Fiz 56 shows a somewhat similar stage 





Fig 5o Fig 56 


in the mo lification produced through the combination of the 1cosi 
tetrahedron with the cube The trilateral pyramid which this 
form places upon the faces of the cube rests upon its solid angles, 
instead of asin the last case upon its edges hence it 18 these 
solid 1: gics whi bh im the process of decrement 1t req laces by faces 
which form a low three sided pyramid ‘The feat isoctehadeon 





Fig 57 


again modifi s the solid angles of the cube as shown im fig 57 by 
4 low thiee sided pyramid positioned at mght angles to that 
onsilered im the last combination As 
the hexakisoctahedron 1s merely the 


two faced form of that last considere] — 

the ;yramil which modifies the sohd 

angles 18 1n its combination with the 

eube six siled asim fig 58 / ARN [\ 
As the faces of the rhombic dodeca \ Wy, v, 


hedron truncate the edges of the octa 
hedron fig 34 represents the first stage 
of such truncation or coml imation while 
fig 35 may be taken 1s rey resenting the 
last the faces of the o tahedron bemg NYO” 
there nearly totally removed Fig 59 

Fig 59 shows the first stage of the 8 

vasage of the octahediun into the icositetrahedron in the tranca 
tion of the solid angles of the former form by a four sided pyra 
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mid formed by the (6x4) faces of the latter The faces of the 


octahedron truncate the three faced solid angles of the rhombic 
of this truncation, 
e faces of the 1cos1 


dodecahedron Fig 85 shows the first 
while fig 34 shows an advanced amount 





Fig 60 Fig 61 

tetrahedron truncate the edges of the rhombic dodecahedron, as in 
fig 60 while those of the latter truncate the unequal angled tetra 
gonal (or rhombic) angles of the former ng 61) The faces of the 
hexakisoctahedron bevel the edges of the rhombic dodecahedron 

While such transitions may appear imdefinite yet certain 
minerals have either in themselves a habit or have at certam 
localities a habit of crystallizing so markedly an a certain stage 
of these transitions as to be absolutely capable of recognition 
thereby 

Combinations of hemihedral or as they have been called sem: Combina 
tesseral forms are of three classes —those with holohedral forms, tions of 
those in which the faces fall obliquely on one another and those hem 
with parallel faces Fig 62 shows the combination of a nght hedral 

forms 





Fig 63 
handed tetrahedron with the cube which truncates its edges the 


Fig 62 


tetrahedron here being dommant Fig 63 ee shows @ com 

bination of the cubo dodecahedron with a ight handed tetrahedron, 

the first or holohedral form being in this case maikedly dominant 
Fig 64 1s an illustration of the second class combinations of 
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Fig 64 Fig 65 


oblique faced semitesseral forms with each othe: In it a nght 
handed tetrahedron has 1ts solid angles truncated by the faces of 


one which 1s left handed and so its sign wo 7 > Fig 65 
shows a combination of a mght handed tetrahedron with a left- 





Fig 67 
Fig 66 shows a combination of 


Fig 66 
handed three faced tetrahedron 
a nght-handed hemuhedron of the icositetrahedron with a nght- 
handed tetrahedron 
Parallel faced hemihedrons generally form combinations with 
holol edral forms and the amount of relative dominance 18 of all 
: Fig 67 shows a combination, 1 equal amount, of the cube 
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Srgmaaan ngcePean mde le A, | nad rc ed anne tho con anh, nls ee pl 
and the edges connected with them polar edges e 
69 shows the combination of the cube with the dyakidodecahedron, other axes are named subordinate or lateral axes, and the 
plane that passes through them 1s the base A plane 
through the chief and a lateral axis 1s a normal chief 
section In these systems also occur the three forms of 
“pyramids, ‘prisms,’ and “pinacoids’ (1) The pyra- 
mids have their faces triangles Pyramids in crystallo- 
graphy are each composed of two geometric pyramids 
placed base to base, and named “closed forms, as the 
crystals are shut in by definite faces on every side (2) 
The prisms are bounded by plane faces parallel to one axis 
They are thus of unlimited extent nm the direction of that 
axis, and therefore named open forms, but in solid crystals 
are shut in by faces of other forms (3) The pinacoids, or 
tables, have two faces intersecting one axis and parallel 
to the others, and thus are also open forms, or unlimited in 
the direction of these axes Forms (2) and (3), when con 
Joined mutually shut in each other, or produce closed forms 
II Pyramidal or Tetragonal System —This system has Pyra 
three axes at might angles, two of them equal, and the chief ™dal 
axis longer or shorter The name tetragonal 1s derived °°" 





Fig 68 


the former begdominant Infig 70 an octahedron in dominance 
1s combined with the vertical faced pentagonal dodecahedron in 


Fig 69 


> & 


Fig 70 Fig 71 


fig 71 the faces of these forms are of nearly equal size, while in 
fig 72 the octahedral faces are nearly removed The solid angles of 





Fig 72 Fig 73 
the ovtahedron are modified im fig 78 by the faces of the dyakis 
dodecahedron In fig 68 a vertical faced pentagonal dodeca 





Fig 74 Fig 75 


hedron 1s the prevailing form in combination with the cube while 
oe 74 the faces of the octahedron are superadded Intg 75its 
edral angles are modified by the faces of the wositetrahedron 





Kg 76 


Fig 77 


and in fig 76 by those of the octahedron in addition 
77 they are modified by the faces of the dyakisdodecahedron 


In each of the five systems which follow there 1s this 
difference from the cubic system that one axis 13 always 
unequal to (longer or shorter than) the others This 1s 


In fig 


from the form of the base, which 1s usually quadrangular 
There are e1,ht tetragonal forms of which five are closed 1) 

Tetragonal pyramids fis 78 79) are enclosed by eight isosceles 

triangles with four nuddle edges all 

in one plane and ei,ht polar edges 

There are three kinds of this form, 


Fig 78 
distinguished by the Vara of the 
lateral axes In the first these axes 


unite the opposite angles 1m the second Fg 79 

they intersect the middle edges ally and in the third they 

le in an intermediate position or divide these eclges unequally — 

the last bemg hemiedral forms These pyramids are also dis 

tinguished as obtuse (fig 78) or acute (fig 79) according as the 
vertical angle 1s greater or less than in the 


\ regular octahedron (2) Ditetragonal pyra 


mils (fig 80) are bounded ly sixteen scalei e 
tnangles whose base lines re all in one 


S/ 





Fig 80. Fig 81 

plane This form rarely occurs except in combinations (8) Tetras 
gonal sphenoids (fig 81), bounded by four isosceles triangles, are 
the hemihedral forms of the first variety of tetragonal pyramids 
(4) ‘The tetragonal scalenohedron (tig 82), bounded by eight scalene 
ee whose bases nse and fall in a zigzag lime 1s the hem: 
hedral form of the ditetragonal pyramid. Nos (3) ani 4) are rare 
(5) The tetragonal trapezohedron is not found im mincrals as a sim le 
form The three open forms are—(1) tetragonal j11sm< bounded 
by four planes parallel to the prmeipil axis which may be eith r 
longer (fg 83) or shorter (fig 84) than the lateral arcs 2) dite 
tragonal prisms boundcd by eight similar planes and 3) the basal 
pinacoid, consisting mercly of two parallc] faces bounding the prisms 
at the ends, above and below 

The vanous series of tetragonal crystals are distinguished from 
each other only by their relative dimensions To determine these, 
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or hemuhedral but the latter are rare Prisms and pinacoids 
must always be terminated on the open sides by other forms Thus 
in fig 864 square prism of the first order 1s termmmated by the 
primary pyramid and has its lateral angles agam replaced by 
another more acute pyramid of the second order so that its mgn 
1s @P P 2Po 

In fig 87 a prsm of the second order 1s first bounded by the 
fundamental pyramid and then has its edges of combination 
replaced by @ feta leg pyramid itgsignis oPo P $P8 In 
fig 88 the polar edges of the pyramid are replaced by another 
pyramid itssign beng P Po In fig 89a hembednc form very 
characteristic of devo ta 18 represented —P and P being the 
two sphenoids a the basal pmacoid and } ¢ two ditetragonal 
pyramids 


III The Hexagonal System —The essential character of Hexa 
this system 1s that 1t has four axes,—three equal lateral soual 
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one of the series must be chosen as the primary form and for this 
tive purpose 4 tetra,onal pyran id of the first variety designated by P 
pyramid, as its sgn is selected The angle of one of 1ts edges especially 
the middle edge found by measurement determines its angular 
dimenstons whilst the proportion of the principal axis a to the 


Pnmi 


ne axes intersecting each other in one plane at 60 , and one 
principal axis at ght angles to these The plane through 
— the lateral axes, or the base from its hexagonal form, gives 
Fig 82 Fig 84 the name to the system As im the last system, its forms 


lateral axes supposed equal to1 gives its linear dimensions The 
parameters therefore of each face of the fundamental form are 
lla 

Novif m be any (rational) number either less or greater than 
unity and if from any distance ma in the principal axis planes be 
drawn to the mid ile edge of P then new tetragonal pyramids of 
tle first order but more or less acute or obtuse than P are formed 





areeither closed or open They are divided mto holohedral, 
hemihedral and tetartohedral —the last which are rare, 
having only a fourth part of the faces developed Only a 
few of the more common forms require to be here described 


Tle hexagonal ;yramids (figs 90 91) are bounded by twelve! yra 
isosceles triangles and are of three kinds according as the lateral mida, 


axes fall in the angles mm the middle 


zie cana sgn of ae pyranuds 1s mP and the most common Gt lis Intoral odice of tn. ancthir 
mis  3P—with the chief mt of these edges the last being 
avis half twice or emihedral forms They are also 
thnice that of P It classed as acute or obtuse but with 
m becomes infinite out any precise hmits The trigonal 
then the pyramid pyramid 1s bounded by six triangles 
Prsm asses into a prism and may be viewed as the hemihedral 
indefinitely extende 1 form of the hexagonal The dihexa 
along the princiy al nal pyramid 1s bounded by twent 
axis and with the our scalene triangles but has nevér 
sion ol Ifa. 0 ~¢ been observed alone and rarely even 
whi h 1s the case Fig 85 in combinations The more common 
vhen the lateral axes prisms are the hexagonal of six sides 
are suppose i infinite in these the vertical axis may be 
then, 1t becomes a either longer than the lateral as in 
Pinacoad pinacoid consisting ig 92 o1 shorter as im fig 93 
roperly of two basal There are also dihexagonal of twelve Fig 90 
ie open towards sides 
the lateral axes and A particular pyramid P is chosen 
designated by the as the fundamental form of this 
sigi OP The ditetra system and its dimensions deter 
gonal pyramids are mined either from the proportion of 
prodiced by takmg the lateral to the princiyal axis (1 a) 
mm eack lateral axis or from the measurement of its angles 
distances » greater From this form (mP) others are de 
than 1 and dra ing rived exactly as in the tetragonal 
two ylanes to these phe oa ee py Aen 
omts from each are produced with the general sign 
of the intermediate Fig 86 Fg 87 mPn the chief peculianty being that Fig 91 
polar edges ‘1} e parameters of these planes are therefore m 1 2 wlereas in the tetragonal system m might have any rational value 


and the general sign of the form mPn the most common values 
ofn beng} 23 andwo Whenn o a tetragonal pyramid of 
the se ond order arises designated generally by mPo the most 
common 1n the mineral kingdom being Po and2Po The relation 
of these to pyramids of the first order 1s shown in fig 85 where 
ABBBC 1s the first and ACCCX the second order of pyramd In 
‘ke manner from the pnsm oP the ditetragonal prisms oPn 





Fig 88 


Fig 89 
are derived and fina'ly when n=o the tetragonal prism of the 


serond order whose sign 1s @Pa 
The coi ibinations of the tetragonal system are ether holohedral 


from 1 to @ in the hexagonal system it can only vary from 1 to 
2 1n consequence of the geometric character of the figure When 
m 2 the dihexagonal changes into an hexagonal pyramid of the 
second order whose sign is mP2 When m= various pnsms 
arise from similar 
changes mm the value 
of n and when m=0 
the basal pinacoid is 
formed 

Few hexagonal min 
eral species form per 
fect holohedral com 
binations Though 
quartz and apatite ay 
year as such yet pro 
perly the forme: 13 a 
tetartohedral the lat 
ter a hemthedral spe 
cies In holohedral 
species the predomi 
nant faces are usually 
those of the hexagonal 


Fig 92 


93 F 


1g 
risms oP (fig 92) and oP2 or of the pinacoid OP (fig 98) whilst Prisms 


the pyramids P and 2P2 are the most common subordinate forms 
Fig 94 represents the prism bounded on the extremities by two 
pyramids —one P forming the apex, the other 2P2, the rhombic 


Rhombo 


forms 
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faces on the angles or »P P 2P2 Fig 95 18a similar form the 


upper part of the yyramid being replaced by the pimacoid In 
some crystals the feteral edges af the ram ae replaced by the 


‘ 4 


a 


Fig 9u Fig 96 Fig 97 


second prism oP2(fg 96) producing an equiangular twelve sided 
prism which always represents the combination oP oP2 and 
cannoto curasaswopleform Figs 97,98 are combinations in this 





Fig 98 


Fig 99 


system seenin beryl! An example of a more complicated combina 
tion 1s seen in fig 99 of a crystal of apatite wlose sign with the 
corresponding lettersis @P(M) wP2(e OP(P) 4P(r) P(x) 2P( ) 
P2(a) 2P2(s) 4P2(d) 

Hexagonal minerals frequently crystallize in those series of hemi 
hedial hedral forms that are named rhombohedral from the prevalence 


im them of rhombohedrons These (figs 100 101) are bo wnded by 


S&Y 


Fig 101 


six rhombi whose lateral edges do not lie in one plane but nse and 
fall in a zigzag manner The pc axis unites the two trigonal 
angles formed by three equal plane angles and in the most common 
variety the secondary axes jom the 

middle points o two 0} posite edges 

When the polar edges form an angle of 

more than 90 the rhombohedrons are 

named obtuse when of Jess than 90° A 

acute fig 10. represents the first fig 

108 the second Hexagonal scaleno 

hedrons (fig 104) are bounded by \ 
tweive scalene triangles whose lateral 


Fig 102 Fig 108 
edges do not lie in one plane The principal avis joins the two 
hexagonal angles and the secondary axia the m1 idle } oints ot two 
opposite lateral edges 
e thombohedron 1» anived from the first order of } evagonal 
pyramid by the hemibhedral development of 1s alternate faces Its 


general sign should therefore be at , but on several grounds it 1s 


found better to designate 1t by R or mR and its complementary 
figure by-mR When the prism or pinacoid arises as its limiting 
form, they are designated by oR and OR though im no respect 
changed from the limiting forma oP and OP of the nyramd The 
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scalenohedron 1s properly the hemrhedral form of the dihexagonal 
pyramid buts more easily understood as derived from the inscnbud 
rhombohedron mR If the halves of the principal axis of this 
be multiplied by a definite number A 

m and then planes be drawn from 
the extremities of this enlarged axis 
to the lateral edges of the rhombo 
hedron asin fig 105 the scaleno 
hedron 1s constructed It 1s now 
designated by mRn (the x on the 
right here referring to the chief axis) 
and the dihexagonal prism im this 
series by oRn (for 
merly mR" and 

»R*) 

The combina 
tions of rhombo 
hedral forms are 
very numerous 
several hundreds 
hav ng been de 
scribed in cale spar 
alone Among the 
most common 18 
the prism im com 
bmation with a 
rhombohedron as 
seen in the tnin 
crystal fo calc 

gar ( 106 
“th ‘the ngn Big 204 Fig 105 

R 48 the lower half being the same form with the upper but 

turned round 180 In fig 107 the rhombohedron » R has its polar 


KE DD 





ce 


Fg 106 Fig 107 


edges repliced by another rhombohedron 4 R and im fig 108 
its lateral edges bevelled by the scalenohedron mRn A more 
con plex combination of five forms 
1s represented in the crystal of cale 
spar fig 109 its sign with the 
letters on the faces bemg Ry), 


a 


Fig 108 Fig 109 
Rr) R(P) 4R(m) oR(c) Tetartohedral combinations are seen 
most distinctly m rock crystal 

I\ Right Prismatic or Rhombve System —This system R ght 
is charactenzed by three unequal axes, all at mght angles} smatée 
to each other Any one of these may be assumed as the *¥3#™ 
chief axas, when the others are named subordinate The 
plane passing through the secondary axes, or the base, forms 
a rhombus and from this one of its names is derived As 
prismatic forms are most frequent (the pmvm standing 
vertically on the rhombic base), it 1s best defined as the 
night prismatic This system compnses only a few varie- 
ties of forms that are essentially distinct, and its relations 
are consequently very sumple 





Sphen 
ords 


Prisms 


Domes 


Pinacoids 


Macro 
and 
brachy 


360 MINER 


There are twoclosed forms 1) 
111), bounded by eight scalene triangles, 


{> 


Fig 111 
Fig 110 


ight 
polar edges (four acut 
and four more obtusc) 
and four lateral eles 
The angles are six hom 


lane, and form a rhom 

us They have 
bic the most a a 
the extremities of the 
longest axis (2) The Ae MS mm 
rhombic sphcnoids (fizs 112, 113) are bounded by four scalene 
triangles with their lateral edges not im one plane, and are hemi 
hedral forms of the rhombic pyramid 
They are of very infrequent occurrence 
Theopenforms again arerhombic prisms 
bounded by four planes parallel to one 
of the axes which 1s indefinitely ex 
tended and may be longer than the 
lateral asin fig 114 or shorter as in 
fig 115 They are divided into upright 
(as in the above figs ) and horizontal 
prisms, according as either the principal 
or one or other of the lateral axes 18 
supposed to become infinite For the 
latter form the name doma or dome has 
been used and two kinds the macro 


—e—— 


dome (fig 116) and the brachy dome (fig ae 

117) have been distingmshed - 
Rhombic pinacoids also arise when ase g =) 

one axis becomes =0 and the two others 

are indefinitely extended, and so we 

have macropinacoids (fig 118) and Fig 15 


brachypmacoids (fig 119)—the quahfying term thus designat 
ng th axis to which the faces of the he or RR are 
paralle 

In deriving these forms from a primary, a particular rhombic pyra 
mid P 1s chosen, and its dimensions determined either from the 





Fig 116 


Fig 117 


angular measurement of two of its edges, or by the hnear pro 
portion of its axesa@ 6 ¢ the greater lateral ams } being assumed 
equal tol To the greater lateral axis the name macrodiagonal 15 
ven, to the shorter that of 
rachydiagonal, and the two 
principal sections are in hike 
manner named macrodiagonal and 
brachydiagonal, according to the 
axis they intersect [he same 
terms are applied throughout all | 
the derived forms They conse | 
quently mark only the rte of 
e faces in respect to the axes 
of the fundamental crystal, and Pg Rg 119, 
heey of necessity without reference to the relative magmtude 
of the derived axes. 
By multiplymg the principal axis by any rational number om, 


ALOGY 


being contained in this formula, 0P mP P. 

m oP,—which 1s the fundamental series, the lateral axes 
always remaining unchanged 

From each member a new series may, however, be developed in 

two directions, by increasing one or other of the lateral axes hen 
the cease hears 18 

thus multiplied by any 
number » greater than 
1 and planes drawn 
from the distance » to 
the polar edges a new 
pyramid 1s produced, 
numed a macropyramid, 
with the sign mPn the 
mark over the P point 
ing out the aus en 
larged When n=~, 
& macrodome results, 
with the sign mPo 
If the shorter axis 18 
multiplied, then brachy 
pene and brachy 
omes are produced, 
with the signs mPn and 
mPa So also from the 
prism oP, on the one 
side, originate numerous 


ea ofn with 
the iting macro 
pinacoid Po , on the 
other, numerous brachy 


\ 


prisms oPn, with the Fig 121 


lit form oPc, or the brachypmacoid In figs 120, 121 the 
two domes are shown in therr relation to the primitive pyramid 
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Fig 122 Fig 128 Fig 124 

The pyramids seldom occur independent, or even as the pre. 
dommant forms mn a combination, sulphur, however, 1s an exLep- 
tion Prisms or pinacoids 
usually give the general char - 
vertical o Peertch ae - a 

nds on the choice of the 9 
ee axis of the fundamental nee 
wPa or M beng combined 
with the pyramid P(r), the 
brachypmacoid oPo(7), Fig 127 


acter to the crystal, which 

form In the topazcrystal 7 
oy a oe, 
and the pyramid are the 1h 
predominant elements asso So 

and the basal pinacoid OP(P) Another instance 18 fig 124 of 


then appears either in & 

columnar or tabular or even 

rectangular pyramidal form 

The determination of the 

position of these crystals, as 

ciated with the prism, its 

sign and letters beng meas 
wP2(1), P(o) wP(M) Fig 

123 of stilbite 1s another 

example, the macropinacoid 

a hevnte crystal, where the brachypnsm and pyramid combine 


The rhombic pyramids (figs 110, greater or less than 1, a series of pyramids anse, whose general sign Derived 
whose feel edges lieinone 18 mP, and their limits are the pram and pmacoid , the whole series forma, 
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with the macrodome, or oP2, P, Poo The above figures are very 
common forms of barytes,—figs 125 and 126 being both composed 
of the pinacoid OP, a brachydome, anda macrodome, with sign 


OP(c), Poo (f) 4Peo(d) The variation in aspect arises from the pre 
dominance of different faces and fig 127 consists of the macrodome 
4Poo, the prism P(g) and the pinacoid 0P 


V_ The Oblique Prismatu System —This system 1s char 
acterized by three unequal axes, two of which intersect 
each other at an oblique angle, and are cut by the third at 
right angles One of the oblique axes 1s chosen as the 
chief axis, and the other axes are then distinguished as the 
orthodiagonal (right angled) and clinodiagonal (oblique 
angled) The same terms are applied to the chief sections, 
and the name of the system refers to the fact that these 
two planes form with the base two mght angles and one 
oblique angle C 


The forms of this system Lees very near to those of the night 
prismatic series, but the inclination of the axis even when almost 
aright angle gives them a peculiar character by which they are 
always readily distinguished Each pyramid thus separates into 
two altogether independent forms or hemipyramids 

Thrce varieties of prism also occur—vertical inclined and nort 
zontal—w ith faces parallel to the chicf axis the clinodiagonal or the 
orthodiagonal the horizontal 
prisms, like the pyramids sey 1 
rate into two independent partial 
forms named hemiprismsor hem1 
domes The imclmed prisms 
are often designated clinodomes 
the term prism being restricted 
to the vertical forms Ortho 
pinacoids and  clinopinacoids 
are also distinguished, from 
their position in relation to 
the axes The monoclinic pyra 
mils (fig 128) are bounded by 
eight scalene triangles of two 
kinds four and four only bemg 
similar Then latetal edges he 
all in = pl ne aay the similar 
triangles aie placed in pairs on 
the aindiagonal polar acites Fig 128 

he two pairs in the acute angle between the orthodiagonal and 
basal sections are designated the positive hemipyramid whilst the 
two pairs in the obtuse angles of the same sections form together 
the negative hemipyramid But as these hem) yramids are wholly 
independent of each other, they are rarely observed combined 
More frequently each occuts alone, and then forms 2 prism hke 
figure, with faces parallel to the polar edges, and open 1t the extrem1 
ties Hence like all prisms they can only appear in combination 
with other forms ‘The vertical prisms are bounded by four equal 
faces parallel to the principal axis and the cross section 1s a 1hombus 
the clinodomes have a similar form and section, whilst the hon 
zontal prisms or domes have unequal faces, and their section 1s a 
rhomboid 

The mode of derivation of these forms closely resembles that of 
the rhombic series A complete double pyramid 1s assumed as the 
fundamental form and designated +P in onder to express the two 
portions of which it consists Its dimensions are given when the 
proportion of its axes a@ 6 ¢ and the angulir inclination of the 
oblique axes C which 1s also the inclination of the orthod:gonal 
section to the base are known 

The fundamental scries of forms 1s 0P zmP +P 

+mP oP, from each of whose members, by changing 

the dimensions of the other axes new forms may Le again derived 
Thus from +mP, by multiplying the orthodiagonal by any number 
M, & 8eT1Co of orthopyramids + mP°n 1s produccd, with the ortho 
domes mP°co as limiting torms The clinodiagonal produces a 
similar series of clmopyramids +mP*a, with the limiting clinodome 
mP*co always completely formed, and therefore without the signs 
+ attached From oP aise orthoprisms oP and the ortho 
pinacoid oP%o, and cinoprisms oP'n and the clinoyinacoid 
oP*co In these signs the o or ¢ attached to the P indicates that 
the orthodiagonl (0) or clinodtagonal (c) axis has been multiplied 
Formerly the latter forms were enclosed im brackets, thus (mPo ) 
=mPe 

The combinations of this system may be easily understood frorr 
their resemblance to those of the nght prismatic the chief difficulty 
being in the occurrence of partial forms, which, however, closely 
resemble the hemihedral forms of the previous systems A few 
examples only need therefore be given 
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Fig 129 represents a very common form of gypsum crystals, 
oP*o, (P), eP(f), P(Z) The most common form of augite is repre 
sented in fig 130, with the sign oP(i), oP*0(r), oP*s0 (7), P(s) 


Fig 129 


CN 





Fig 131 


Fig 182 

Fig 13118 a crystal of common felspar or orthoclase, composed of the 
clinopinacoid oP‘ (df) the prism oP(7), the basal pmacoid 
OP(P), and the hemidomes 2P*°oo(y) to which, in fig 132 of the 


same mineial the hemipyramid P(o) and the clinodome 2P%co (n) are 
add: 


ed 


VI Anorthee or Trichnie System —This 1s the least 
regular system, and departs the most widely, indeed almost 
absolutely, from symmetry of form The axes are all 
unequal, and inclined at angles none of which are nght 
angles,—so that, to determine any crystal, or series of forms, 
the proportion of the axesa 6 c, and also their angles, 
or those of the inclination of the chief sections, must be 

‘known As in the previous systems, one axis 1s chosen as 

| the principal axis, and the two others distinguished as the 

_Macrodiagonal and brachydiagonal axes In consequence 
of the oblique position of the principal sections, this system 
consists entirely of partial forms wholly independent of 
each other, and each composed only of two parallel faces 
The complete pyramid 1s thus broken up into four distinct 
quarter pyramids, and the prism into two hemiprisms 
Each of these partial forms is thus nothing more than a 
pair of parallel planes, and the various forms consequently 
mere individual faces This circumstance renders many 
triclinic crystals very unsymmetrical in appearance 

Triclinic pyramids (fig 133) are bounded by eight triangles whose 
lateral edges he in one plane They 
are equal and parallel two and two 
to each other, each pair forming as 
just stated a tetartopyramid or open 
form, only hmited by combmmation 
with other forms or as we may sup- 
pose, by the chief sections The] risms 
aie agam either vertical or inclined, 
the latter aie named domes, and their 
secticnisalwaysrhomboidal Indenv 
ing the forms the fun lamental pyramid 
1s placed upright with its brachy diagonal 
axis to the spectator, and the partial 
forms designated, the two upper by P 
and P, the two lower by Pand P as 
in the figure The further denvation 





Fig 183. 
now follows as in the mght prismatic system, with the modifica 
tions already mentioned 

Some combinations of this system, as the series exhibited by 
most of the felspars, approach very near to the obhique pnsmatic 
system , whilst others, es cyanose and axinite show great mcom- 
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leteness and want of symmetry 
fio of the forms 18 often difficult In the albite sh bee (figs 
184, 135) P is the basal pmrcoid OP, M the brachydiagonal 
pmnacoid ofc s the upper right pyramid P’, 7 the nght hem- 


msm oP , 7 thelcft hemiprism o P, and x the hemdome 'P « 
Figs 186 and 137 are rystals of axinite, the former from Dauphine, 


In the latter case the determina- 





Tig 134 
T 
[fe 
rs 
Lif 
72 
Fig 136 Fig 187 


the latter from Cornwall, of whose fe2es the following 1s the de 


velopment - the macropinaccd »Po P the left hemipus 
oP wthe left upper quarter pyiamid P 7 the left upper quarter 
pyramid 2P, sthe Icft upper p rtial form of the macropyramid 


3 P3, aud x the hemidome 2 Po 


The Measurement of the Angles of Crystals 


The permanence of the angular dimensions of crystals 
shows the umportance of some accurate method of measur 
ing their angle»,—that 15, the mclination of two faces to 
each other Instruments for this purpose are called gonio- 
meters 


Two have been specially used for this purpose—the common or 
contact goniometer imvented by Carmgeau, and the reflecting 
goniometer of Wollaston The former 1s simply two brass rulcrs 
turning on a common centre } etween which the crystal 18 so placed 
that its faces coincide with the edges of the 1ulers, and the angle 
1s then measured on 2 gridurted atic = This instrument 1s suffer 
ently accurate for many purposes and for large crystals, but for 
pe determination 1s far inferior to the reflecting goniometer 

his requires smooth and even faces, but these may be very small, 
even the hundiedth of an inch and, as small ervstals are generally 
the most eee far greatcr accuracy can be attained 

The reflecting goniomcter is represer kd in fig 188 It con 
sists essentially of a graduated cucle nm divided on its edge 
into twice 180°, or more frequently into half de,nees, the minutes 
being read off by the vermer hh This circle tuins on an axis 
connected with dé, so that by turnmg this the circle 1s moved 
round, but 1t 1s stopped at 180°, when moving in one direction, b 
aspringitk The other part of the instrument 1s intended to attac 
and adjust the crystal to be measured The first axis of mm is 
hollow, and a second axis aa passes through it from ss so that 
this and all the connected parts from b to f can be turned without 
moving the circle mm The axis d passes through a hole in be, so 
that it can turn the arm de into any required postition, f 1s a 
simuir axis turning the arm og and pg a fourth axis, in like 
manner movable in g anl with a small knob at q to which the 
crystal to be measure 1 1s attached 

When about to be used the instrument should be placed ona table, 
with its base horizontal (which 1s readily done by the screws n it), 
and opposite to a window at about 12 or 15 feet distance, so that 
its axis shall be parallel to the homzontal bars of the window 
One of the upper bars of the window, and also the lower bar, or, 
instead of the latter, a white line on the floor or table parallel to 
the window, should then be chosen, in order to adjust ie crystal 
The observer places himself behind the instrument with the side a 
at his ght hand, The crystal 1s then attached to g by a piece 
of wax, with the two faces to be measured upwards, and the 


MINERALOGY 


edge of union of the faces, including the angle to be measured, ag 
nearly as possible m the line of aa The eye bemg brought near 
to the first face of the crystal, the axes aa and p are tained till the 
image of the window 1s seen reflected in the face with the horizon- 
tal and vertical bars in their position The axis d 1s then turned 
through a considerable angle 
(say 60°), and the image of 
the window again sought and 
brought into ite proper place 
by turning the axis /, without 
movingp When thisisdone 
that face 1s brought into its 
true position, normal to d, so 
that no motion of d can dis 

alrange it Hence the image 
of the window maj now be 
sought in the second face, and 
brought into 1ts true position, 
with the hoiizontal bars seen 
horizontal, by moving the 
axes d and a@ When this 1s 
done the crystal 1s properly 
‘adjusted’ The angie 1s 
measured in the following 
manner First bring the zero 
of the circle and vermer to 
coincide, and then turn the 
inner axis @ or ss, and move 
the eye till the image of the 
upper bar of the window re 
flected from the more distant 
face of the crystal coincides 
with the lower bar or hon 
zontal line seen directly 

heeping the eye 1n its place, 
turn the other axis ¢é till the 
1eflected image of the upper 
bar in the other face in like 
manner coincides with the 





Fig 138 
lower line the angle of the two faces is then read off on the 


divided circle As the angle measured 1s not directly that of the 
faces but of the rays of light reflected from them, or the differ 
ence between the angle wanted and 180°, the circle has the ican 
numbered in the reverse direction, so 2s to give the angle without 
the trouble of subtracting the one from the other 

The apparatus figured 1s for adjusting the crystal, and 1s an im 
provement suggested by Naumann In the ongina] instrument the 


win anhant anA had a amall 


moving the plate, or the axis fo, and by slight motion of the arm 
de, which should be at nght angles nearly to bc when used A very 
marked 1mprovement 1s to have a small mirror fixed on the stand 
below the crystal, with 1ts face parallel to the axis aa, and inclined 
at 45° to the window, when the lower line can be dispensed with, 
and the mstrument used for various other purposes of angular 
measurement Many more perfect instiuments have been intro 
duced for the purpose of insuring grexter accuracy , but the simple 
instrument 1s sufficient for all purposes of determinatise mineralogy, 
and the error from the instrument will, in most cases, be less than 
the actual vamations in the angles of the crystals 


Departure from Geometric Sumplrerty and Loss of 
Regularity wn Crystals 


Such departures may be regulated by law, or may result 
from an undue operation of the force of accretion in certain 
directions 

1 Regular Departures from Sumplicty —There are three 
varieties of this —paralle] groupings, twin forms, hemitrope 
forms 

Parallet Grougnngs —A plurality of individuals are here 
arranged either so that a line which joins their centres 
becomes @ prolongation of one or other of their crystallo- 
graphic axes, or so that their axes are parallel 

Fig 20 shows the first, where cohesion sufficient for stability 
requires that the minute octahedra niust mutually penetrate some- 
what into each other Fig 139 shows the same in baryte, If we 
sup octahedra united, the upper left hand face of the onc 
with the lower right-hand face of the other, there would be 
parallelism of their axes Re entering angles would, in such 
cases, prove a plurality of individuals, But if a number of cubes 
were super1mposed in similar position, no such angles would occur, 
an elongated square prism resultmg, and such arrangements, if 
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repeated, are linear, or, with dimmushing size in the individual, 
acicular 


LS 


Fig 189 Fig 140 

Tunns and Hemrtropes —Though closely related formed 
under the operation of very similar laws, and to a certain 
extent passing into one another, these are not the same 
In the first case a plurality of mdividuals must be present , 
in the second this 1s not necessary In fig 140 two 
individuals evidently mtersect one another, mm figs 141, 
142 one individual may be supposed to have been bisected 
in a certain direction, and the two halves reattached, but 
in a position differmg m some definite manner from their 
relative position before the separation 


| 


Fig 142 





Varieties There are four \ateties of true twins those of apposition, of 
of twins aeeeTaen of partial or completed interpenetration and of 
corporation 


he first 1s excmplified by spmel, as in fig 148 the second by 





Fig 144 
t 
Fg 145 Fi, 146 
staurolite, asin fig 144, the third by calcite, as in fig 146, and 
by blende, asin fig 145, where the two individuals of fig 143 may 
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be supposed to have been forced vertically mto one another, and 
the last by quartz, as im fig 147 

The falliwtig are the laws of union of twins J The face of 
union of twins, termed the “face of es must be either 
a plane which does occur m the mineral twinned, or which can 
occur in accordance with the fifth law of symmetry A face of 


Fig 148 





Fig 147 
union 1 twins 1s also a face of union in hemitropes of the same 


mineral 2 Irom the above it results that the axes of the umted 
crystals are either porallel (fig 148) or mclined (fig 149) The 
former generally occur among 
hemihediie forms and the two 
crystals are combined in the exact 
poaen m which they would be 
erived from or would reproduce 
the primary holotedral form The 
rlass with oblique axes occur both 
n holoheinc and in hemthednc 
forms ind the two individ tals are 
then } laced in pee symmetry m 
accordance witl law 1 
Twins are generally recognized 
by having re entering angles (figs 
100 151) but sometimes the 
crossed faces coinci le in one plane 
when the combination apy cars as a 
single individual (figs 152 153) 
The line of union may th n be 1m 
perceptible or it my be disclosed by the intersection of two sets of 
strie (ngs lo4 lov) o1 by some physical diversity im the char 
acters of the two faces 
The formation of twin crystals may be again or many times, 
repeated —forming groujs of three tour twenty four or more 
en the faces of union are } arallcl to each other the crystals form 





Fig 149 
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rows of indeterminate extent When they are not yj rallel, they 
may return into evch other in circles, as mm rutile or form bouquet 
or rosette groups as in chrysobery1 (fig lob or stellate groups, as 
mm caleite (fig 157) and in cerussite (i,8 158 199) 





Fig 152 


When the crystals are of different aze, greater complexity resultes 
but a number of minute crystals are frequently arranged upon 8 


Fig 158 


larger at those points where the angles of a single large crystal 
would protrude Occasionally a aml form 1s twinned with 
more complex one, as in chabasite (fig 160) 
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Hemntrope crystals we may 1magine as nwing been formed from 
a single crystal, which has been cut into two halves 1n a particular 
direction, and one half turned round 180°, or 90°, or 60° The 
hme about which the revolution 1s supposed to take place is called 
the “axis of revolution From the amount of turn usually being 
180°, Hauy gave the name hemtrope The position of the two 





Fig 157 

halves in this case acsumbles that of an object and its image in a 
muror, whose surface then would represent the plane of reunion 

The following ale the laws of hemitropes The axis of revolution 

1s always a possible crystallographic line,—either an axis a line 

tropism paralle! to an axis, or a normal to a possiblecrystalline plane Lhe 
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hemi- 


plane normal to the axis of revolution is called the 
twin j lane, it 13 either an occuring or a possible 
plane, and usually one of the more frequently re 
currmg planes Both the axis and the twin plane 







Fig 158 


Fig 159 

bear t'e same ielation to both halves of the crystal in their re 
versed positions consequently the y arts of henntiope crystals are 
symmetrical with reference to the twin plane (cx cpt in taiclinic 


forms aud some hcumuhe Iral cryst is) 
very frequently coincides 
with the twin plane when 
not comciding, the twin 
plane and the face of con 
position are generally at rigl t 
angles to cach othe, s0 th t 
the composition face 1s 
parallel to the aais of 1¢ 
volution But m twins of 
mncorporation the surfices of 
composition have exercis d NY, [/ 
a disturbing influence on onc 
another, so that the surface 
of union 1s excecdingly ir 
regular Still in these cases ‘ 
the axis and the plane ot 
twinning tetam a definite hig 160 
position, but the face of composition, beg no longer dened, 15 
useless as a determinant 
Modes of There are three modes 1n which the composition may take place 
wmon in hemitro These may be explained by dividing a erystal into 
halves, with the plane of division vertical, and then turning one cf 
the halves round. 


The face of composition 


\ 
fx 
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1 One of the halves may be inverted, as 1t vy revolution through 
180° on a horizontal axis at right angles to the plane of section, and 
the two faces again united by the surfaces which were separated 
Here the surfaces of union ate the orginal ones, but the bese of 
one of the halves has taken the 
place of 1tssummit Examplcs 
selenite (fig 161) and orthoclasc 

2 One of the halves may le 
turned round through 180°, as if 
by revolution on a horizontal aats 
parallel to the plane of section, ar | 
the face opposite and parallel to 
that of the plane of section—u 
originally external face—may then 
be apphied tothe otherhalf Herc 
not only has the base of one hal! 
become a summit, but a lateral 
and external face of the onginal 
crystal has been thiust to its 
centre so as to become a face of 





Kig 161 
internal union Example labradonte (fig 162) 
3 One of the halves may be turned round through 180°, 2s if hy 
revolution on a vertical axis, parallel to the plane of section, the 
external face opposite and parallel to the plane of section becoming 


Fig 162. 


a face of umon Here, however, both the onginal summits retam 
their position as summits Example orthoclase 

‘The first of these modes of composition may occur in erch of the 
systems, but 1t1s not always apparent until disclosed by 0} tical 
properties ‘The second 1s rare, and the third still mote so 

In hemitrope crystals (less frequently in true twins) the 
halves of the crystal are frequently reduced in thickness in the 
ditection of the ordinary twin axis, and when there 1s a parallel 
repetition of hemitropes, which fiequently occurs, they are often 
reduced to very thin plates, not the thickness of paper, giving to 
the surface of the aggregate a striated structure and appearance 

In the cubsc system the faces of composition, both of twinning Twins of 
and of hemutropic revolution, are those of the cube, the dodecahed cubic 
ron, and the octahedron system, 

In the first case we have the axes of the two crystals necessarily 
1n some cascs parallel, or, more coriectly filling into one , but as 
in this system all the axes are alike or all the cubic faces similar, 
composition may occur along or patallel to all alike, and double or 
triple twins occur We have examples in twins of the pentagonal 
dodecahe lion (fig 163) made up by the interpenetration of a mght 





Fig 164 


Fig 168 
and a left (+ and —), and of the tetrahedron, 13 seen in pyrite 
and fablerziespectively In vutue of the position re juned by law 2 


it will be seen that the position of the solid which is common to 
both intersecting crystils 1s in the twin of pyrite the four ficed 
cube, which 1s the holohedral form of the } entagon 11 dodec thedron, 
while im the case of the fahle:z twin (fig 164) the common por 
tion 1 au octahedron, the holohedral form of the tetrihedron 





Fig 165 


Fig 166 

{winning on an octahedral face 1s seen in the apposition twin of 
spinel (fig 148), the tetrahedral twin of blende (fg 165), the inter. 
penetrative octahedral twin of blende seen in fig 166, and the inter 
secting cubes of fluor (fig 167) 

This 18 also the usnal twin face for hemitropes of the cubic system, 
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It 1s seen in fig 168 of blende where the two parta of the rhombic 
dodecahedron are united by 1t Magnetate, spmel, and diamond 





Fig 167 Fig 168 
frequently occur in octahedral hemutropes of the same composition 
{fig 169) 

This 18 also the face of composition for tetartohedial hemitropes 
Fig 1701s that of the diamond Here s1x of the faces of the six 





Fig 169 Fig 170 


faced octahe lron, with six faces diagonally opposite form a low 
double six sided pyramid (a portion of an octahedral face truncating 
each) through an 180 revolution of one set of these Garnet some 
times shows both twins and hemitropes of the dodecahedron, of 
dodecahedial composition 

In the tetragonal system twin crystals are very uncommon but 
hemitropes frequent With parallel axes they very seldom occur 
but are scen in chalcoyymte When the axes are inclined the 
plane of union 1s usually one of the faces of the primary pyramid 
and as these faces aie all similar composition may take place 

imultaneously parallel to all Very com, licated forms hence result 

as seen 1n chalcopyrite and in cassitente (fig 171 
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Fig 171 Fig 172 
In cassiterite the plane of union 1s frequently one of the faces of 
the pyiimid Poo sometimes one of those faces that req lace the 
polar edges of P (figs 172 178) From the bend the latte: form 
zs termed geniculated 








Fig 178 
Hausmannite ocours in hemitropes of the primary P_ and on the 


Fig 174 


polar edges of this other twins are symmetnically repeated] a central 
individual appearing hke a support to the others (igs 174, 175) 
In the hexagonal system twins are very common among the 
rhombohedral (the hemihedral) and the tetartobedral forms, while 
hemitropes prevail among the hexagonal or holohedral forms The 
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twins are generally formed by the interpenetration of two rhombo 
hedrons, a + anda — the vertical axis beng the ams of composi 
tion as in chabasite (fig 176) cinnabar levyne calcite, &c Some 
times six or more crystals, united parallel to the prismatic planes, 
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Fig 175 Fig 176 


form rosettes as in chibasite from Giants Causeway The almost 
endless stellate forms of crystals of snow are built uj 1m this manner 
Many of the most beautiful combinations to be seen among crystals 
result from this mode of arrangement 

Parallel groupings of hexagonal prisms also occur as 1n apatite 
fig 177 
Rock  yotal in consequence of the tetartohedral character of its 
crystallization exhibits twins in which the double hexagonal 


pyran id P may be said to be separated 
Yr/Pr 


mto two rhombohedrons P andr these, 





though geometrically simular, are physi 


ye eee 


/ 
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Fig 177 Fig 178 
cally distinct In fig 178 the two individuals have not entirely in 


terpenetrated and might be re,arded as simjly grown together 
with parallel axes but in fig 147 there 1s so complete an inter 
seas pr that the composite character of the crystal 1s only evi 

enced onee a difference in the character of the surfaces of the 
two halves which are most irregularly disposed 

The hemitropes of this system often form regular crystals when 
the two halves have been united Ly a plane parallel to the base, so 
as to appear like a simy le crystal 
as 1D 179 Here each end 
shows the forms «R -4R but 
the terminal faces appear in 
parallel instead of alternate posi 
tion Something of the same 1s 
seen in fig 180 a hemutiope 
scilenohedron from Derbyshire 
Hemuitropes with the face of the 
primitive rhombohedron as the 
face of composition are also com 
mon ani they are sometimes 
Joined by a face of -$R the two 
axes forming an angle of 127°34 
Occasionally a third individual 
1s mnterposed in a lamellar form 
as in fig 151, where the faces 
of the two outer portions become 
paralle] This is found in some 
pieces of Iceland sprr When 
the crystals unite in a face of 
the primary thombohedron they 
form anangle of 89°8 hemutiopes 
on this law are easily recognize 1 
by their differing so little from a 
right angle in the re entermg 
beni (fis 182 182) 

The fices which im this species 
act as faces of composition are 


la 





Fig 181 


exceedingly numerous , other examples are fi,». 142 146, 148, and 
149 


In the right prismatic system twin crystals with parallel axes are 


rare but with oblique axes common the faces of union bemg one of 
the faces of the prism oP Twins of this kind occur frequently m 


Oblique 
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nite, cerusaite ‘nispickel, fos 
evystais are ly m erpenctrating, 
saeian, as in fg 1a4, where the undividuals are formed hy 


marcasite In aragonite the 
and partly merely in a 





i 
Fig 182 Fig 183 


combination o P( 1) oPco (h), Poo(k) In fig 185 several crystals 
of the sume combination form a series with parallel planes of union, 
the inner members of which are often so shortened that they form 


mere films, which appear as str 2 on the faces Po and wPc of 
the twin 


In fiz 186 four ciystals, each of the combmation oP, 2Po, having 
united in inclincd planes, form a cucula: gioup, which returns into 


LLL 
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tself Cerussite occurs in similar groups, building uy @ composite 


Fig 185 


hexagonal crystal It also occurs 1m stellate twins of two or three 
indiviluals, as in figs 158, 159 Similar stellate combinations are 
also common in chiysobery! In staurolite dividuals of the prs 


matic combination @P Po, OP combine, either as m fig 144 
by a face of the brachydome having then chief axes almost at nght 


anglos, or as im fig 1401) face of the brachypyramid 21} the 
chief axes and the brachy;imacoids (0) of each 
of the erystuls mecting at an angle of abort 
60° ‘Lhis mineral which 1s very frequet thy 
twinned, also forms combinations with the axes 
parallel (hz 187) 
In the oblique prismatic system, twins are by 


prismatic 20 means so flequent as henntropes Twins of 


wis 


Iwinsof tropes and then twins 


hemi- 
tropes, 


interpenetration with parallel aaxcs, but the one 
turncd as 1egards the other round a vertical axis 
are cominon i orthovlase (figs 188, 189) Suh 
ciystala are termed mght handed (fig 188) an1 
left handed (fig 189), according to the side of 
the crystal which has been turned In ths 7% 187 
munera pea i occur wound an axis normal to Jf, to P and 
to n (fig 529) double twins of the last two are common (fig 5°0) 
Harmotome and phil 
hiysite form first hema 


of thes, which arc at 
rangcd sometimes as 
crosses and sometimes 
as double crosses (fi, 
190) «In hemitropes of 
gypsum the two halves 
are uuited by a fac 
eae to the ortho 
1agonal section, as I 
fig 161, where the two 
halves have united 40 
regularly that the farcs 
P’, P form only one 
plane. In a similar 





Fig 188 
manner the two halves of the augite crystal represented in fig 


lig 189 
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180 are m fig 191 united so perfectly aud symmetrically that the 
line of yunci >” cannot be observed on the clinopinacord The two 
hemipyramias ' (s) (ike—P (2) m the gypsum crystal) form at one 
end oF the crystal a reentering, at the other a sahent angle 





Fig 190 


Hornblende (fig 192) and wolfram exhibit a similar appearance 

This results in the imparting a pseudo hemimorphism to certain 
oblique prismatic twins, Which 1s well seen in the twins of sphene 
(figs 193 and 589),and in exalting the charac- 
teristic appearance of true hemimorphs, as seen 
in the twin of acmite (fig 194) In other cases 
the individuals partially penetrate each other in 
the direction of the orthodiagonal This mode 
of unton 1s not uncommon 1n gypsum, and 1s 
very frequent in orthoclase Two crystals 


Tig 191 





Fig 192 


of tle latter of the combination (Po), oP, OP, 2Pco , as in 
fig 131, are often pushed into each other, as shown in fig 195 

In the anorthic system some twin formations are of great import 
ance, ¢g, as ameansof distinguishing the triclinic from the mono 


Fig 193 


clinic species of felspar In one vanety 
the twin axis 1s the normal to the 
biachydiagonal chief section But mn 
the anorthic felspars this section 1s not 
perpendicular to the base and conse 
quently the two bases form on one side 
a re entering, on the othe: a salient 
angle, whereas in the oblique prismatic 
felspars (where the brachydiazonal chief 
section corresponds to the clinodiagonal) 
no twin crystals can be produced m 
conformity to this law, and the two bases 
fall in one plane 


aN 





hig 194 Fig 195 
Albite and oligoclase very often exhibit such twins 1 in ngs 196, 
197, where the very obtuse angles formed by the faces of OP, or P 


and P (as well as those of 'P o, or z and x), area very characteristic 
appearance, marking out this mineral at once as a tticlinic species 
sually the twim formation 1s repeated, three or more crystals being 
combined, when those in the centre are reduced to mere plates 
When very numerous, the surfaces P and 2 are covered with fine 
strie, often only perceptible with a microscope A second law ob 
served in triclinic felspars, particularly in albite and labradorite, 
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w that the twin axis corresponds with that normal of the brachy- 

nal which 1s situated m the planeof the base In pericline, a 
variety of albite, these twins appeai as in fig 198, wheie the two 
crystals are united by 
a face of the basal 
pmacoid P, whilst 
the faces of the two 
brachypinacoids (Hf 





Mi 
Fig 106 
and Af’) form edges with very obtuse angles (173° 22) re entering 


Fig 197 Fig 198 


on the one side and salient on the other ‘hcse edges or the hue 
of junction between M and Mf, are also parallel to the edges formed 
by these faces and the base, or those between Mand P In this 
case also the twins are occasionally seveial times repeated, when 
the faces appear covered by fine stne 

Cause of the Formatin of Turns and Hematropes —It has been 
shown above that the relative position of the molecules of crystals 
1s determined by a polarity in the molecules themselves This 
polarity must exist along thiee Jmes which intersect in the centre 
of the molecules , and unlike poles must attract exch other It has 
been supposed that compound crystals result from a reversion of 
the original polarity of the molecules of a crystal after it hos at 
tamed a certain size Heat and electuicity, resulting from move 
ments in strata, might occasion such reversion during the forma 
tion of a crystal and this would suffice fo. the explanation of 
hemitropes, though not directly of geniculated ci\stals, and still 
less of intersecting twins ‘wins 
have accordingly been divided into 
‘‘naragenetic and ‘metagenetic 
The first term 1s aj} lied to the ordi 
nanly occurring twins im which the 
compound structure 1s suz posed to 
have had its oeginning in a nucleal 
compound molecule or to have been 
compound in its vey origin In 
metagenetic twins the crystal ws at 
first simple, but afterwards through 
some change 1n the maternal furnished 
for 1ts increase or possibly induced 1n 
itself 1t received new layers, or in 
extension wm a reversed position 


p 
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Fig 201 


Fig 208 
Rutile occurs in crystals like fig 178, but with a bend at both 


extremities, instead of one only Here the middle portion of the 
crystal 1s supposed to have attamed a length of halfan inch and 
then it became gemculated simultaneously at both extremities, 
mdeed, n this mmeral such geniculations are ficquently repeated 
until the ends are bent into one another, and produce short hexa 
gonal prisms with central depressions or even vacuities The re 
peated twinning which produces stnation, as 1m calcite and the 
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felspars and the peculiar mppled structure of amethyst, ars ascnbed 
to a similar operation, acting in an tory manner 

Certain intersecting twins in the cubic system may be explained 
simply through excessive or undue accretion of molecules along cer- 
tain lines At 351 1t was shown how the three faced octahe- 
dron (fig 89) was formed through an accretion of molecules upon the 
faces of the octahedron along axes 
jommmg the centres of its faces 
those which connect the solid 
angles of the cube) It was also 
shown that when through this 
accretion two faces of the triskis- 
octahedron (fig 199), adjacent 
along the edge of the octahedron, 
rose into one plane the rhombic 
dodecahedron resulted If now 
accretion still goes on along the 
same axes so that the tnhedral 
pyramid rises above the level of 
the dodecahedral planes, fig 200 
results This 1s the twin of the 
three faced tetrahedron (fig 201) 





Fig 206 


If the accretion 18 still along the same axes until the lateral edges of 
the adjacent pyramids fall into the same line fig 202 results and 
this 1s the twin of the simple tetrahedron (fg 203) Here accretion 
upon the faces of a complex holohed:al form has produced a twin of 
a simple hemihedral form 

Again, starting from the six faced octahedron (fig 204), there 1s 
proiuced by the same process first fig 20. the twin of the six 
faced tetrahedron (fig 206), and ultimately fig 207, the twin of the 
three faced tetrahedron (fig 208) 


2 Departure from Regularity on Account of Undue Accre 
tron wn certain Durections —Distortion of Crystals —The 
laws of crystallization should produce crystal forms of 
perfect symmetry, these laws, however, are subject, not 
only to the influence of other laws, but also frequently to 
disturbing influences which are subject to no law -Abso- 
lute symmetry, therefore, 1s very uncommon, crystals beng 
generally so distorted and disguised through interference 
durmg their formation that either famiharity on the one 


Fig 208 


hand or skill on the other 1s necessary for their recognition 


As the magnitude of the angles may vary somewhat, even 
this guide may sometimes perplex Hence it 1s necessary 
to be familar with such departures from symmetry , and 
some of the more common are here noticed. 


In the cubic system a cule (hg 20', lengthened or shortene i 
along one aais, becomes a nght square prism (fig 209) and if 
elongated mm the direction of two axes 1s changed to a netangular 
prism (fig 7) Cubes of pyrites, galena, fluorspar &c., are 
generally thus distorted It is very unusual to find a cubic crystal 
that 1s a true symmetrical cube 1n somo species the cube or octa- 
hedron (or other monometnic form) 1s lengthened ito a capillary 
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orystal or needle as happens in red copper and pyrites Crystals 
of acicular pyrites occur at the Newton Stewart lead mine 

An octahe Iron flittened parallel to two of its faces 1s reduced to 
® tabular crystal (fig 210) If lengthened in the same direction, 
it takes the form 
in fig 211 on if 
it 18s still further 
lengthcned tothe 
obliterition of 
tw 0 op} osite octa 
hedr.t faces it 0 
becomes an acute 
rhombohe Iron \ 
same figure) 
( When an octa \ o« / 
hedron 1s extend 
e1 mthedirection 


of a line between 
re Snot Fig 709 Fig 210 
edges it has the 
gencral form of 
a  rcectangulir 
octahedron and 
still further ex 
tended 18 mm fig 
212 1t 19 changed 
to «a rhomlic 
prism with dihe 
iral = summits bk Ql: Fig 212 


The figure 1¢} re 
sents this }rism ly ng on its acute edge (spiel, fluor, magnetite) 


The dolecaheiron when lengthened in the duection of the up 
right axis b comes 4 8 juare pa with pyramidal summits (fig 
213) and when shortened along the same axis 1t 18 reduced to a 
squire octahedion with truncated basal angles (fig 214) Both 


e 


Fig 218 Fig 214 Fig 215 
thest forms are modifications of the square prism the first mods 
of distort n 1s common in garnet, rendering 1t liable to be con 
sidered zircon, the second 1s seen in aplome, when 1t might be taken 
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Fig 216 Fig 217 

for stannite When the first of these forms 1s flattened asin fig 215 
it resembles a form of stilbite 

When a dodecahedron again 1s lengthened along a diagonal 
between the obtuse solid angles, it becomes 
a sii sided yrism with trihedral summits, 
as in fiz 216 and when shortened in the 
samc direction it lecomes a rhombohedron 
which has its si. acute angles truncated 
(fig 217) In the first 
case a civstal of green 
garnet or uwarowit 
would resemble dio} tase 
in the latter colourless 
garnet would resemble 
calcite 

The trapezohedron 13 
exceedingly subject to 
distortions which fie 
quently disguise 1t much 

en elongated in the 
direction of the upnght Fig 218 Fig 219 
axis it becomes a double eight sided pyramid with four sided 
mits (fig 218), @ furth*r elongation along the same axis would 
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result in the obliteration of these summit faces, and in the produo- 
tion of a perfect double octagonal pyramid (fig 219) e first 
of these distortions 1s exceedingly common in analcime and nyt 
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Fig 220 Fig 221 


uncommon in garnet the latter rarely occursin analame Length- 
ened along an octahedral axis 1t becomes fig 220, shortened along 
the same it becomes fig 221 Both are seen in analcime 
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Fig 223 Fig 222 
When the tetrakishexahedron 1s lengthened long a single octa Oftetre. 


hedral axis 1t assumes the form of fig 222 still further elongated, kishexa- 
with obliteration of one half of 1ts planes it becomes a scalene do hedron. 
decahedron resembling the ‘‘dog tooth form 
of calcite (fig 223) Fig 2241s hemihedron of 
this form, produced by shortening along an 
octahedral ox1s, with othiteration of oll the 
planes which do not touch the poles of that axis 

In the case of modi 
fied crystals of this e 

a 
\\) 

dodecahedral faces re 
mam (d) and those Fig 224 


system the distortions 
are more complex 
of the trapezohedion (m) are of unequal size 


Fig 225 represents a 
ciystal of cimnamon 
stone from Aberdeen 
shire it 18 a combina 
tion of the dodecahe 
dron and the trapezo 
hedron Only four 





Fig 225 

t may be best 
understood by regarding 1t as fig 218 with the four vertical faces 
of fig 218, so that 1t combines the distortions of both of these 
figures 

“Crystals of diamond are very frequently distorted, though gene- 
rally through curvatures of their faces 


Imperfectvons wn the Surfaces of Crystals 


Of these the most important are striae, caverns, and 


curvatures 
1 Striated Surfaces —The parallel furrows on the surfaces of Impereo 
crystals are called stra and such surfaces are saul to be stmated tion ot 
Each ridge on a striated surface 1s enclosed by two natrow planes surfaces 
These planes often correspond in panes to a secondary or to the 
rimary planes of the crystal, ani we may suppose these ridges to 
iave been formed by repeated osvillation in the operation of those 
causes which give rise, when acting uninterruptedly, to larger 
planes By this means the surfaces of a crystal are marked in 
parallel lines with a succession of nairow planes, meeting at angles 
alternately re entering and salient, and constituting the mdges 
referred to ‘This combination of different planes in the formation 
of a surface has been termed an oscillation of faces 
Cubes of pyrites are generally striated in such a way that the Stnation 
stn on adjacent faces are at mght anglea to one another ‘These 
lines are parallel to the intersections of the pmmary faces with the 
lanes of the pentagonal dodecahedron, which 18 the most common 
orm of pyrites, and they have evidently resulted from an oscilla- 
tion between the primary and this secondary form 
The rhombic disdecahedron 1s often striated parallel either with the 
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edges, or with the longer or the shorter diagonal of 1ts faces In the | 
first case, seen in garnet (fig 226), there is a passage into the six 
faced octahedron the second results from an oscillatory combination 
of the dodecahedron with the reguler octahedron, as in magnetite, 
and the last with the cube, as in aplome 
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in the left handed and mght handed crystals, the twist is to the 
nght or left according as the crystal 1s nght or left handed 

The surfaces of crystals are frequently far from flat, on account of 
fracture, with dislocation of the several fragments, occasioned by 
motion 1n the enclosing rock, the material of which 1s forced or 1t 


Rhombohedrons of chabasite ate often striated parallel to the may be transfused, mtothe rents I'he tourmalines and beryls (fig Dislo- 
234) which occur mm granitic dykes are very subject to this, the frag cated 


ments being often bent as well as d Amore or less simul crystals, 





Fig 226 


terminal edges (fig 227) 
tween the pifina 


Fig 227 


indicating an oscillatory combination be 
ry faces and a secondary plane which bevels these 


edges 

Stnation of faces 1s more frequent in the rhombohedral system 
than in any of the others Horizontal stne are of almost invanable 
occurrence in the prismatic 
faces of quartz, whatever be the 
form of the crystal Lhe oscil 
lation here has taken place 
between the pyrimidal and the 
prismatic faces (figs 228 229 
230) During its growth there 
seems to hive been a con 
tinued effort to complete the 
crystal by the assumption of 
the terminal planes —which 
effort was intermittently over 





Fig 228 
eome by @ prepon lerating one to continue the deposition of matter 


Fig 229 Fig 230 


along its main 1xis Quartz crystils, from these alternate efforts 
often taper to a point, without having any regular pyramidal face 

Tho lateral planes of prisms of tourmaline are very fre juently 
convex, owing to oscillation between several Jateral faces In all 
su h cases the interfacial angles cannot be determined as they are 
lost in the 1ounding 

The striations on the lateral faces of foliated minerals are merely 
the edges of lamine Examples mica and gypsum 

2 Carernous Crystals —Ciystals not unfrequently occur with a 
deep pyramidal depression occupying the place of each plane as 1s 
often observed in common salt gilena (fg 21) and sulphur In 
the solution of crystals through atmospneric exposure, an approach 
to the same form 1s sometimes obtained owing to the fact that the 
centies of the faces yield sooner than the edges and angles Crystals 
of redruthite are often thus cavernous Sometimes octahedrons 
occur with a triangular cavity, in place of each face (hg 22) The 
same 1s met with in other forms 

8 Curved Surfaces —Curved surfaces sometimes result from the 
oscillatory combination already noticed Otsers result from a 
curvature in the lamine constituting the crystal Crystals of 
diamond have convex faces, and are sometimes almost spheres 
This modo of curvatuie 1m which all the faces are equally convex 
1s less common than that in which a convex surface 1s opposite and 
parallel to a corresponding concave surface Rhombohedions of 
spathic 1ron and pearl spar are usually thus curved, as 1s shown 
m fig 281 The saddle-shaped crystals of the same mineral (fig 


Fig 281 hig 282 


282) are remarkable instances of several reversed curs tures 1n 
aface A singular curvature is shown im fig 288, of calcite 
The conical crystals of brown zinc blende, and the lentuular and 
conical crystals of gypsum, are other examples stals of 
quartz are sometimes curved and twisted When this takes j lace 


taneous effort in the crystallization of two substances may produce 
a structure with the external form of one, the interior of which 
exhibits 1mbedded crystals of the other more or less fails in 
their development In pegmatite or graphic granite, rude crystals 
of felspar contain skeleton forms of quartz of which generally only 
one side of the prism and two of the pyramid occur, forming a rude 
lettering Similar hollow quartz forms occur imbedded in garnet, 
radiating from its ceutre (fig 230) and roughening its surface from 
ptotrusion, without distorting itsform lotally imbedded micro- 
scopic crystals, ‘‘mucroliths, are, as in the latter cases chem 


Fig 233 
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Fig 234 


cally non assimilable 
the including crystal, as m augite and leucite When there 1s 
a ceitun amount of chemical resemblance there may occur a 
definiteness in the airangement, and if the enclosed substance 
crystallizes in @ system differing from that of the mineral which 
includes 1t the angles of the latter are mote or less distorted This 
1s the case in ‘ microchine, where the intrusion of a plagioclastic 
felspar canses some departure from the 1ectingulanty of orthoclase 
Foreign amorphous matter caught up or attaching itself to the 
surface of crystal, during the process of its growth causes lines of 
feeble cohesion —as 1n the case of capped crystals of quartz Here 
an occasional selectiveness in the sets of fices to which the foreign 
matter adheres seems to indicate that 1t has been to some extent 
under the influence of a polaiityinitsadhesion Something of the 
same kind seems to have influenced the arrangement of the quartz 
giains iy ee up dunng the formation of the crystal of garnet 
shown in fig 236 The perfect modelling of rock crystals 18, 
however, but little interfered with by the almost namberless 
substances which they contam 





Fig 236 
These are frequently arrange in lavers in 


Aggregation of Crystals 


Crystalline aggregates which pass into amorphous masses 
ma}, in their more marked or perfect form, be assigned to an 
unperfect twinning 

Crystals are often grouped in linear series, as in native 
copper and silver, and thus constitute long threads or re 
tiulations In clustered crystals those adjoining each other 
are generally parallel in position, and are umted by a 
plane parallel to one of the principal sections, or to planes of 
common occurrence Senarmont mentions a union 1n galena, 
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parailel to .he octahedral faces, as common and he also 
describes an instance where the union was parallel to the 
plane 33 

The positions of crystals on the supporting rock seem at first 
tu be without amy icguluity But by closer inspection we detect 
even here the same law of harmony that governs the formation of 
the sim} lc ani compound crystal ‘The vatious sige assumed 
correspond generally with the more common kinds of composition 
in twin crystals I his regularity 1s not always manifest on account 
of the unevenness of the surface on which they rest In general, 
however, on glancing over @ surface covered with crystals, a 
refi x1on fiom one face will be accompamed with 1eflexions from 
the coresponding face m each of the other crystals, showing that 
the cry stale arc similarly positioned thioushout 

This tendency to prrulchsm m the positions of associated 
crystals 1» appaient even in et re aggregates In granite, 
for example, which 1s composed of felspar, quartz, and mica, the 
felspar civstallizations have usually a common position, that 1s, 
the corresponding extiemities lie im the same direction, or nearly 
so On this account granite 1s cluivable in one directign more 
easily thin in others «nd tlus direction is that of the perfect 
clavix plane of the felspar the second less perfect cleavage of 
the fulspar permits of fracture of the rock neuwly at mght angles to 
the frst but Ws there 1s no such thud cleavage in the fel par, the 
woikman in fishionu , the blocks of granite for paving stones, 1s 
com elled to chip or hs» them off in the third direction 

The dominint a tion of polarity may, morcover, give a parallel 


position t) the u un aves of different minerals belonging to the 
same system when crystallizing 1m association, and even to those 
whi h Lelong t) different systems 
Fi, 237 15 1n illustration of the first 
of such c1s° where a crystal of zircon oP 
1s 1] Linted into crystal of xenotime, 
and has 1ts main 1s identically im 
the samc line —\s illustiations of the 
latter—a puallel } osition of the axes 
of crystals of differcnt systems—theie 
are iecoris of such assoviition in 
crystals of cyanite and stanolite, of o aes ia 
muscovite and haughtomte, of albite 
and orthoclase The sime has becn 
observed between crvstils of rutile 
and specula: uon —the civstals of 
rutile in this case having the vertical Fig 23 
axis in the direction of 2 Jateral axx ig 237 
of the specula non Haidinzer has observed py1oxene and horn 
blende ctystals asso rated in puallel patheiee 

A prism of calcite terminating in the lanes g (fig 106) has been 
observed in which ea h plane was covered with small crystals of 
quartz all lying sy mmetiically with thar pyramids pomting towards 
the summit of the calute crysti] When one mineral is changed 
into another, a polarity of acciction 1s still often seen to have domi 
nated in the arrangement In a crystal of caleite which had been 
chin,el into a numler of mmute crystals of aragomte the mun 
axes of the latter all liy in the duection of the maim 1x18 of the 
orizinal crystal of calcite 

Irregular Aggregation of Co ystals —Besidey the regular 
unions now described, crystals are often aggregated in 
peculiar ways, to which no fixed laws can be assigned 

Thus some crystals appuently sun] le, are composed of concen 
tric crusts or shells which may be removel onc after the other 
always leaing 4 smaller crystal like a kernel with smooth distinct 
faces Some specimens of quartz fiom becralston in D yonshire 
consist appaiently of hollow heaagonal } yrumils plac d one within 
another Other minerals, as fluor spar ajatite, idocrase heavy 
spar and calc spu disclose 1 sumilu structure by bands of dif 
ferent colour, 4 giowth renlercd intermittent through the 
deposition of 9 thin liver of foreign matter 1s thus developed 
Hany large crvstily agun ap; ear like 1n aggregate of numerous 
small crystuls jartly cf the sune yartly of diffuient forms Thus 
gomne octalc lrous cf fluor sj a1 from Schlagzenwald are made up of 
small dark vi.let blue cules whos projecting angles give a drusy 
character to the faces of the layer form Such poly synthetic 
crystals, as they may Ix callel are very common in cale spar 


Vaneties Yorms of Crystalline Ag sreg ttes —Crystals have often 
of strus been produced under conditions preventmg the free de 
ture in velopment of thew forms, and, according to the direction 


aggre- 
gates 


of the axis in which the dcvel.pment has been checked, 
they may be divided into “columnar and “lamellar” 
arrangements 

The columvar structvre 1s made up of a more or less fibrous 


arrangement, and this may be supposed to have accrued from the 
simultaneous growth of a riultitude of crystals from a single or 
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from closely adjacent centres of support, so that, while the 
were free to elongate themselves nike ua of ther adi ear 
their crease was restrained laterally, by their impact upon one 
another When the surfaces of support are level, or consist of 
the opposing sides of 9 vein, the columns or fibres, frequently 
excee ngly elicate, are parallel, and not unfrequently they then 
have a silky lustre In the latter of the above circumstances the 
fibres are disposed transversely to the vein Examples gypsum, 
chrysotile, satin spar When the surface of support is Tog 5, OF has 
angular projections, the fibres 1adiate from ceitain of these im all 
duections, producing, in a thin vein, a starlike form, whence the 
arrangement 1s called ‘‘stellular” Example wavellite When this 
takes place in an open cavity, producing brush dike forms, they are 
termed “iadiant Examples antimonite, needlestone When the 
points of divergent growth are so positioned that the radiating 
groups interlace with one another, the structure 1s said to be 
“reticulated, from itsresemblance toa net Examplo tremolite. 
When individual members of such fibrous structuie project above 
the general surface with acumiated extremities, they are said to be 
“‘acicular , when the protruding columns are of uniform thickness 
they are termed ‘‘baci'lary, or rod like Such terms as steigt, 
curved, twisted columnar, diverging, or confused fibrous explain 
themselves Such fibrous arrangements as the above may occur 
imbedded centrally in a rock mass, which had been the magma 
out of which they were formed, or they may line the inner surlace 
of cavities, filled orgimally either with water or aqueous vapour 
These modes of occurrence have been distinguished by Mohs as 
crystal groups ind druses The former includes all unions of im- 
bedded crystals round a central nucleus, the latter those of crystals 
of simultaneous or regularly successive growth on a common 
support In the first case, there may be spheroidal, ellipsoidal, cocks- 
comb, or other forms, fiequently seen in marcasite, pynte, and 
gypsum In the second, spheroidal forms are less rare, but are 
seen in the case of several of the fibrous zeolites In such cases 
surfaces mote or less rough are coated, and diminished 1n angulanity, 
through the hemispherical forms produced by the radiation of a 
multitude of fibres Certain imitative outlines thus result from the 
successive deposition of layers of these crystals These forms or 
uniting masses are te1med ‘ globular when nearly spherical, “botry- 
oidal when like bunches of grapes, “‘1enifoim or kidney shaped 
when the spheres are larger, more confluent, and less distinct, and 
“mammullated when the masses are nearertohemisphcres Meso ite 
occurs in globular forms, prehnite in botryoidal, hematite and 
chalcedony 1n reniform, and siderite and calamine in mammullated 
In all the above cases the transverse fracture of such structures dis- 
closes the fibrous arrangement of the parts, but, if the growth has 
been intermittent, lines of deposit, concentric with the central 
nucleus of each sphere, are evidenced by layers of distinct colours 
Fracture or se] aration frequently takes place, also, slong such lines 
In such drusy cavities—termed ‘ geoles when they are circular— 
after a ceitain number of such lines of deposit, grouped arrange 
ments which have somewhat more of free crystalline development 
my assume other imitative forms in which there is a certain 
dependence on the crystallographic character of the mineral con- 
cerned There are thus produced coralloidal or coral like groups, 
fiuticose o1 cauliflower hike groups, caplla1y or hair ike, and fili- 
form or thread like or wire like forms Often these groups eapand 
in several directions, and produce arboresccnt, dendiitic, plumose, 
mossy, dentiform, or othe: forms Such are common among the 
native metals, as gold, silver, and copper: Mesohite 18 very 
frequently plumose A ‘ drusy crust 15 the tcrm applied to a 
thin rough laycr of crystals, which invests eithcr a large crystal 
or the surface of some other body lodged in the intenor of 
cavities 

In the lamellar structure a development along the mn axis 
would appewr to have been checked, and the crystallographic force 
to have expended itself laterally, though this 1s not ths invaniable 
habit of a species under all circumstanccs as exemplified by baryte 
This structure consists of flat crystals, plates, or leaves It 19 
termed “tabular when the plates are of umfcrm thickness, 
‘‘lenticular’ when they are thinnei on the edges, ‘‘ wedge shaped ’ 
when shaip on one edge, ‘scaly when the plates are thin and 
small, ‘ Folinaeous when largcr and easily separable, ‘‘ micaceous ’ 
is also used to describe this kind of structine It may aleo be curved 
lamellar and straight lamellar,” Wollistonit , when flit lamellar, 
1s called tabular spa , gypsum 1s frequently lenticular, tale scaly 
Lamellar minerals when radiating fiom a centre often form fan 
shaped, wheel like, almond shaped, comb like, and other grou 

In the granular structure, the foice of crystallization has ea 
exerting itaclf along all the 1:3, but, fiom the multipheity of 
crystallizing centres, thcre has been such mutual mterfercnce that 
no single individuals havo been able to assume perfect or even 
characteristic forms ‘The partules in a granular structure differ 
much in size When coaise, the mineral 1s described as coarsely 
granular, when fine, finely granular, if not distinguishable by 
the naked eye, the structure 1s termed impalpable Examples of 
the first may be observed in granular carbonate of lime, of the 


Pseudo- 
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second in some varieties of specular 1ron, of the last m chalcedony, 
opal, and other species 

The above terms are indefinite, but of necessity, as there 1s 
every degree of fineness of structure m the mineral species, from 
perfectly impalpable, through all possible shades, to the coarsest 
granular Ihe term phanero crystalline oas been used for varieties 
in which the grams are distinvt, and crypto c1ystalline for those 
in which they are not discermble without the aid of a Icns 
Granular minerals, when easily crumbled in the fingers, are said to 
be friable 

The minute or crypto crystalline minerals form aggreg ites some 
what similar to the above When globular or oolitic, the minute 
crystals often appear to radiate from a centre or form concentric 
crusts These are often globular or nodular asindolomite Some 
what similar are the stalactites and stalagmites im which the 
mineral (especially rock salt, calc spar, malachite, hamatite 
himonite) has been deposited from a fluid droppins slowly from 
some overhanging bod or some rent in the roof of a cave In 
this case there 1s generally found a Jong pendent cylinder or cone, 
the principal axis of which generally hollow, 1s vertical, whilst 
the marginal parts ate arranged at nzht angles to it, except where 
they curve round the termination of the tu, when they become 
hemispherical 

By far the largest masses of the mmeral kingdom have however, 
been produced under conditions in which a free develo; ment of thar 
forms was excluded, and aie termed amorphous | his has ken the 
case with the gieater portion of the minerals composing rocks or 
fillung veins and dykes The structure of these masses on the lage 
scale belongs to seolozy, but some varicties of the textures visible 
in hand specinens, may be noticed The mdividual grains or 
masses have seldom any regular foim, but apyear round, long or 
flat, wccording to circumstances and as saith been mote or less 
checked im the process of formation Even then however, acertain 
regularity in the position of thc parts 1s often observable, as in 
gruphic ete whure the axes of the skeleton crystals of quartz 
are parallel The rock 1s terme i massive when the grams which 
fo1m 1t are small, or granular when they ate longer and more dis 
tinct Sometimes the 10ck becomes slaty, dividing into thin 
plates , or concretionary, forming roundish masses , at othe1 times 
the interposition of some foreign substance (gas or vapour) has 
rendered it porous, cellular, or vesiculu giving mse to drusy 
cavities These civities are often empty but have occasionally 
been inore or less filled by products of chinge in the rock It 18 
named imygdaloidal when the cavities so filled have the form of 
an almond 


Changes of Ci ystallune Structure 


“Pseudomorphs” are minerals which appear under a 
form of crystallization which does not belong to the 
species They may be recognized either by thew having 





no cleaxage, which 1» most usual, or by their cleavage | 


being altogether different in direction from that of the 
mimeral imitated Generally they have rounded angles, 
rough and dull surfaces, and when broken show a granular 
structure The faces of the crystal, moreover, are often 
covered with mimute crystals of a form different from that 
of the mineral imitated, but which 15 that belonging to the 
substance now present Occasionally the resemblance to 
real crystals 1s so perfect, from the porfect polish of the 
faces, that they are distimguished with difficulty They 
may be frequently found still undergoing change 

Pseudomorphs have been classed under four heids — 

1 Pseudomorphs by Alteration —Formed ty + gta lual change of 
composition in a species Of these there are two vancties thev 
may be pseudomorphous by loss of an ngredient, or by addition of 
an ingicdint , change of augite to steatite 19 an eximple of the 
first, and of galeni into anglesite 1s one of the second 

2 Pseudomorphs by Substitution —Thoso formed ly the replice 
ment of a mineral which has becn removed or 18 gradually under 
going removal, ¢ 7, galena takes the form of pyomory hite 

8 Pseudomorphs by Incrustation —Those tormed thiuzh the 
Incrustation ofa crystal, which may be sul scquently di solsed away 
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Again, changes of scapolite to a fe.spar and of aug to uralite 
(hornblende), have been cunsidered by Scheerer examples of 
asad pe cag being considered dimorphous with some 
elspars, and augite with hornblende But, while such paramorphic 
changes undoubtedly take place with aragonite, their occurrence in 
these silica s—which are common associates in the same rock, and 
au have been formed under like cucumstances—is hardly prob 
able 

Where mineral bodies have taken the form of organisms, it 18 
more a case of molecular replacement than of true pseudomorphism 

Pseudomorphism should be understood, however, to consist, not 
sunply in alteration of erystals Lut in many instances of changes 
in beds of rock Thus all serpentine, whether in mountain masses 
or in simple crystals, has been formed through a process of pseudo 
morphism—or, 12 mote genetal language, of mctamorphism—of 
olivine and augite The same is true of other magnesian rocks, as 
steatitic, talcose, and chlorite slates The crystalline rocks often 
offer examples of a change similar innatuie The giaq hite of these 
rocks 1s piobably but a metamorph of some vegetable orgimsm 
Thus the subject of metamorphism as it bears on all crystalline 
rocks and that of pseudomorphism, are but branchcs of one system 
of phenomena, the chemistry ot both 1s the same, and a knowledge 
of such changes 1s indispensable to a study of the older rock strata 
of the earth 

The common change of pyrites forming the main ingredient of 
the upper part of metallic lodes, to carthy red or brown iron ort, 
thus producing the ‘‘gossan of miners 1s one of many examples 
of these processes now in progress Often the gossan contains dis 
seminated silver or gold derived from the decomposed ores This 
1s a case of ;seudomory hism, as truly 1s when a simple crystal of 
pyutes becomes limonite the mode of change and its laws ate 
the same Again, phos hatcs 
vanadiaites and arscniates 
of lead, &c, as well as ca 
bonates and sulphates are 
among the surface 9] «ctes 
or those that occupy the 
upper part of metallic lodes 
they aie the results of altera 
tion within those de; ths to 
which atmospheric %,cncles 
penetrate 

Pseudomorphs are always 
reconds of past existences in 
some cases they may be the 
only evidence we possess of 
such prior evstence Figs 
238, 239 are pseudomor} hs 
of quaitz o1 hornstone after 
datholit. the measurd 
angles of these crystals show 
that the imitated crystal was 
dathohite, but that miner i 
does not now occur in u1}stals 
of either of these forms 

Tho process of pe tmfication 
of organic bodies ts in re wlity 
a species of pseu lomory hic 
formation, and has been yro Fig 239 
duced in all the above modes 
Extcrnal and internal casis of orqinic Lodies are not uncom 
mon In other cixs the orginal sulstane has Leen rylaced 
by some mineral which has prestivid uot meicly the external 
form but even the minutest detail of internal structure, —so that 
the different hinds of wood have been distinguished im then silica 
fied trunks The most common ysettifying substances are silica 
and catbonate of hme In encrtuites, echimtes belemnites, and 
other fossils, the ciystals of calc spar oftin occur m very regular 
positions In some varities of pettifed wood Loth the hyneous 
structure and the clew ize of the cale spar are ol ervalle 

Diffreut from the above ue minerilized bodies in which the 
onginal structure 1s still retained, but them chemical nature 
partially changed In these a complete genes may be often truved, 
as from wood or yeat, through the vaneties of brown coal, 
common conl, anthracite, and gray hite 
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Causes of Change—The causes of change are the Ongm 
simplest and most universal operations about us —(1) the pseudo 
process of gradual alteration to which some substances are ™ 


Often the cavity 1s afterwards filld by infiltration, ¢g change of 
fluor to quart7 
4 Pseudomorphs by Paramaphism —Those foamed whn a 


mincral passes from one dimotphous state to anothu , ¢g, change 
of aragonite to calute 

These different kinds of change are not always distinguishal 'e 
In some cases a change may take place through alteration of the 
surface, and then, this process ceasing, the interior may be dis 
solved out, leaving a pseudomorph hke one of incrustation , or a 
peulonerp: that appears to bea result of mere chemical alters 

on may be wholly due to aubatitution simply. 


hable on account of the presence of oxygen and carbone 
acid in the atmosphere, and the reaction of subst inces thus 
formed on adjacent ingrcdients, aided or jtomoted by 
electrical currents or by heat, (2) the solvent power of 
ordinary waters, cold or hot, or of steam (3) reactions, 
in accordance with chemical principles, of the mgredients 


372 


dissolved in these waters, or n mineral or sea waters, heated 


or at the ordinary tempcrature , (4) the action of gases ex- 
haling from the earth , (5) changes referable to volcamec 


action 

Ordiniry waters hol 1 in solution, as 1s well known, more or less 
of mincral mittur When water containing carbonie acid 18 passed 
through 2 large number of or iinarily occurring mierals, it gives 
evi lence of tht presence of an alka, or lime, or magnesia, and 
some of these minerals give the tests even with the first drops 
Pure water gives with miny of them a similar result, but more 
slowly Iimestone in forty aight hours yiclds soluble ingredients 
to the extent of 04 tol percent of the whole mass The hme, 
maznesia and alkalics appear in the condition of carbonates , and 
the iron passes from the state of carbonate to that of peroaide 
dunng evaporation The silicates of magnesia, lime, and man 
puis are especially ready in yielding to this action Silica, 

owcyer, 18 more soluble in ordinary than in carbonated water 

These facts illustrate two imyortant points —(1) that ordinary 
watcrs lying upon inl filtering through the earths crust are 
constantly a tive im dissolving and decomposing mineials and 
rocks, an] that cven specics reputed indestructible are thus acted 
upon ind (2) that the watcrs are thus furnishing themselves with 
agonts cay able of cffucting other chemical chinges These watcis 
penetrate all rocks as well as percolate through soils Hence the 
action 1s 4 universal one, everywhere going on, ani tho results are 
universal Boncs shells corals, and animal remains gencrally 
arc ils) sources of cart onate of lime, ;hosphates, and fluorides 
and lants may contribute Iso potash and soda, and sometimes 
sila 

Carbonic acid 15 a constant inzre licnt of the atmosphere and 15 
dissolved by the 111ns as they descend, hence this active de 
composing agent 1s present in il cr umny waters but it 13 also 
a result of different mineial chinges Sulphate of iron along 
with vegetal le matters gives oxygen to the carbon of the vegetable 
matter and thus produccs cabomic a id and pyrites o: sulphuret 
of non ant the Jargc quantities of } yittes in coal beds show on 
how grind 1 sce this A aes has jekan tlace Sulphate of zinc 
in a similar manner produces cubons acid and blende 01 snly huret 
of zinc = Bischof obscrves that the carbonic acid which has thus 
been eliminited must have }ecn sufhcient m quantity to moke an 
atmosphere of culomie acid equal in height to our present atmo 
sphere Again decomposition of sul} hurcts produces sulphuretted 
hydiogcn this by the ox liting action of the atmos} here forms 
sulphuric acid and the suly} uric 1c11 acting on limestone produces 
gypsim, and hbcrates culonie acid Sulphuious acid 1s also 
generated in the neighbourho d of voleanocs and rapidly becomes 
sulphuric rcid with the saineresult Moreover silica in waters 1f 
aided by heat will decompose limestone and liberate carbonic acid 
Hence it 18 that this g1s1s exceedingly common 1n exhalations from 
mineral spiin,s , deed 1t occurs mote or less in all waters 

The dissolving ani decomposing action of carbonated waters 1s 
thercfore general ~The ser also partakes of this character, and in 
virtue of the numerous salts whi h it hol is dissolved 1s a powerful 
agent mm eat1ying on the changes to which the y rocess leads Such 
chan, and the various pseu icmorphs to which they give rise have 
to be 1¢gur ied a8 ty pes and evi lenecs of vast metamory hic transfor 
mations —processcs either of de w or of 1cfcrmation which have 
modificd widespread 10ch masses and which are at the present 
time altering the structure of the crust of the earth It 1s through 
a study of pseudomon; hs and ct the yrocesses which have gone to 
form them, that mineralogy 1s to become the germ fiom which 
alone the yetiolosi al deyartment of geolcgy can have its truc 
development, and become a hving instcad of a merely 5} eculative 
Bclence 


Puy sicaL Properties oF MINERALS 
Characters Depending on Light 


There are few mote interesting departments of science 
than the rclations of mineral bodies to hght, and the modi 
fications which 1t undergoes either when passing through 
them or when reflected from their surface In this place, 
however, we only notice these phenomena so far as they 
point out distinctions in the internal constitution of minerals, 
or furnish characters for distinguishmg one species from 
another 

Lustre —Though the vanieties of lustre admit of no precise 
or mathematical determination, the, are of considerable 
value in mmeralogy One highly important distinction 
founded on them 1s that between minerals of metallic and 
non metallic aspect or character Transparency and opacity 
nearly coincide with this division—the metallie minerals 
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bemg almost constantly opaque, the non metallic more or 
less transparent Minerals which are perfectly opaque, 
and show the peculiar brilhancy and opacity of surface of 
polished metals, are named metallic , those which possess 
these properties mm an inferior degree are semi metallic, 
and those without these properties are non metallic 


Lustre has reference to either the intensity or the quality of the 
reflected light, consi ered as distinct from colour Several degrees 
in intensity have been nimed —(1) splendcnt, when a mineral 
leflects light so perfectly as to be mailite at a great distance, and 
lively and well defined 1mages are formed in its faces, as galena, 
specular iron, or cassiterite , (2) shining, when the reflected light 
1s weak, and only forms mdistinct and cloudy anIage#, as heavy 
spar or calcite , (8) glistening, when the reflected light 18 so freble 
as not to be observable at a greater distance than aims length, and 
no longer forms an imige, as talc, (4) glimmering, when the 
mineral held near the eye mm full cleat dayhght presents only a 
number of small shining points, as red himatite and granular 
limestone When 1s 1n chalk o1 kaolin, the lustre 18 so feeble as to 
be indiscernible, the mietal 1s said to be dull 

In regaid to the kind or quality of the lustre, the following 
varieties ire distinguished —(1) the metallic, seen in much per 
fection 1n native metals and their compounds with sulphur, and 
imperfectly in glance coal , (2) advmantine, found in beautiful per- 
fection in the diamond, and in some vatieties of blende and 
cerussite a modification 1s metallic adamantane, as seen 1n wolfram 
and black cerussite , (3) vitreous or glissy, scen 1n rock crystal, or 
common glass, 01, inclining to adamantine, in flint gliss, sub 
Vitreous 1s seen in broken calcite , (4) rusmous, when the body 
appeirs as 1f smeared with oil, as in pitchstone, blende, and 
garnet (5) waxy, like beeswx, as seen in wax opal and ozocerite , 
(6) pearly, hhe mother of pearl, seen 1n gyrolite, talc, heulandite , 
(7) silky the glimmering lustre seen on fine fibrous aggregates like 
amiinthus, tremolite, chrysotile, krokidolite 

lhese degrees and kinds of lustie are generally exhibited differ 
ently by unlike faces of the same crystal but always similarly by 
like fices The lateral faces of a mght square prism may thus 
differ in lustre from that of 1 terminal face Thus the lustre of the 
latcral faces of apophyllite 1s vitreous while that of the terminal, 
at might angles thereto 1s peatly chrysotile 1s silky when split 
along the fibres dull when at mght angles to them 

The surface of a cleavage plane, in foliated minerals, gener illy 
diffizs m lustie from the s des, and here again in some cases the 
latter are vitreous while the former 1s peaily, as in heulandite 

4s shown by Hailinger only the vitreous, adimantine, and 
metallic lustres belong to fices B rfectly smooth and pure In the 
first the index of retraction of the mineral 13 13 to 18, m the 
second, 19 to 25, 1n the third, above 25 The pee ly lustre isa 

ult of reflexion from numberless lamelle, or cleavase planes, 
Within a tianslucent mineral, and in hj diated minerals, as in the 
zeolites 1t 1s the result of inciment change,—namely, a loss of water 

hich ensues upon exposure to the atmosphere 


Colour —This 1s a property which is of very inferior 
value Munerals are so seldom, if ever, absolutely pure 
that very minute quantities of an imtensely coloured 
impurity may impart colour to a substance inherently 
colourless, or overpower a feebler colour which may be 
its own 


Some few minerals have colom so strong o1 have a constitution 
80 little susceptible of intermixture, that they retain almost unim 
paned the colour special to them Such a substance is pyrite, its 
1a3s yellow colour may be heightened to gold yellow by intermixture 
with copper sulphide, or 1t may be slightly bleached by arsenic , but 
the nature of 1ts composition does not admit of the intrusion of ordi 
nary colouring ingrcdients The yellow of native gold agam, may be 
paled by impoverishment with the white of silver, down to the dull 
tint of electrum , but no foreign colouring mattcr can intrude itself 
into a metallic mass Such substances as thesc,—native metals 
sulphides, and ox1des,—have colours essential to them, dependent 
on their constitution, and to a great extent characteristic of the 
§} LLILS 
: A second class of mincrals are colomless of themselves, and thus 
very subject to the influence of minute quantitics of foreign tinc 
torial mapanly These are absolutely transparent and devoid of 
colour #hen mm crystals, but white aud opaque when icduced to 
powder as ice and snow, calcite and chalk, rock-<rystal and 
sand But such substances are generally coloured , ‘‘muddied ° 1t 
would be called im the first case, thoush 1t 18 equally so with the 
others Such false colour may be imparted in several ways It 
may be (1) from their holding dissolved some colouring matter , (2) 
from mechanical mixture of colouring substances such as metallic 
oxides, or minute crystals (“‘endomorphs ”) of another mineral , or 
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3) from chemical replacement,—the substitution of a smaller or 
igor uantity of a coloured isomorphous ingredient 
ustration of the first, silica, colourless in rock crystal, has 
been found of almost every tint, due frequently to volatile hydrocar 
bons which are dissipated by heat Fluorite also, found of almost 
every shade of every colour, may possibly be to a certain extent 
referred heie 
Quartz, felspar, and calcite are often coloured accidentally by 
mnbedded laye1s of foreign ‘inclusions, o1 by ‘ spangling endo 
morphs hese are mechanically mixed, so far as 1egards their 
presence in a structure of different and non assimilable chemical 
composition, but crystallogiaphically arranged They either mark 
the lines of interrupted or intermittent growth 01, in the case of 
endomorphs, the axial positions of the minute intruding foreign 
ceyetala hi in one plane, or in the same scts of planes 
As an instance of colours introduced through dehnite chemical 
replacement, calcite may be cited Carbonate of lime 1s colourle: 
if a portion of this be replaced by carbonate of magnesia there 1s a 
certain amount of pearly opacity if by carbonate of manganese 
of a pink tinge, if by carbonate of iron, of yellow, which may be 
mereased through oxygen absorption and ‘‘weatheimg to an ochre 
tint, and ultimately to a dark brown 
Sulphuret of zinc, chemically white and muincralogically trans 
parent may, through metallic substitution be found of almost all 
tants of yellow, orange, biown, and blach Again hornblende 
augite, and gainet —silicates which in their purcst statcs of tremo 
lite, malacolite and water garnet are colourless —acquire green 
brown, red, and black tints fiom the assimilation of other metallic 
silicates 
Hence 1t would appear that a very advanced practical know 
ledge of the subject 15 necessary to enalle us to avail ourselves 
of the information which 1s to be derived fiom this external 
feature 
The accidentally coloured minerals sometimes piesent two or 
moie colours or tints, even in a single crvstal —ve1y remaikable 
examples occurring in fluor spar apatite sapphue, amethyst tom 
Maline and cyanite This 1s still moie common in compound | 
minerals on which the colours are yaiiously arranged im } oints, 
streaks, clouds, vems, stirpes bands or in brecciated an 1 1uin like 
forms Some munctals again change then colo from ex, osure to 
hight the air, ordamp ‘hen either the surface alone is affected 
or ‘ tarmshcd, and appeats covered as with a thin film produamy 
m some minerals, as silver anl arsenic only one coloul, im 
others as pe Ub humatite bismuth stibine and anthracite, 
various or iridescent hues when they are said to have a 
pavonine lustre Or occasionally the change pervades the whole 
mineral, the colour either becoming paler, 01 disappearing, as mn 
chrysoprase and 1ose quartz or becoming darker as m biown 
spai siderite, and rhodonite {na fcw minetalsa comylete chang: 
of colour takes place, as in heterosite, and in the chloio} heite of 
the We tern Isles of Scotland, which, on exposure for a few hours, 
passes from a transpaient yellow green to blach These mutations 
are gencrally connected with some chemical or physical change 
The tarmshed colours sometimes only appear on certain faces of a 
crystal belonging to a pecuhar form Thus a crystal of copper 
pyrites (like fig 89) has one face P free from tarmsh the faces 5 
and ¢, close to P, dark blue, the remaindc of ¢, tst violet, and 
then, close to P gold yellow 
Some crystalline mincrals exhibit in certain directions a very 
hvely play or change of colours from reflected hight It 1s wellscen 
im many various hues on the cleavage planes of labiadonte ani 
seems produce] by a multitude of very thin lea pores 
interposed mm the mineral, like minute parallel lamme On the 
cleavage planes of hypersthene it apjears coppu red, and 1s 
occasioned by similar pores or by numeious small tiown or black 
lamine of some foreizn substance interposed in a parallel poate 
between the plancs of the hypersthene The chatoyant or changmg 
colours of the sun stone anise fiom scales of hematite similarly inter 
posed, and that of avanturine fiom scales of mia The play of 
colour in the noble opal seems to be produced very nearly in the sume 
manner as that in the Jabiadomte A similar opalesccnce 1s seen 
in certain minerals whcn cut m particular forms ‘In the sapphire 
cut hemuspherically over the chief avis 1t appears like a star with 
six rays in garnct it shows four rays im certain varieties of chryso 
beryl and of adularia 1t has a blushtmt anditisalsovery remark 
able im the cat s eye vatnty of quart Tnidescence often arises from 
very fine fissures, producmg seminculu arches of } msmatic tints 
which, hike the eolon' ot thin plates in general ace referred to the 
interference of lzht 


Streak —This name 1s applied to the appcarance and 
the colou of the line or furrow produced in minuals by 
drawing the edge of a hard tempcred kmfe or file along 
thew surface, or to the stain obtaimed by rubbing a soft 
mineral on such a substance as paper or porcelain Taken 
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determined by the same operation, 1t 18 one of the most 
valuable tests which we possess 


The furrow may be lustrous or 1t may be dull Powder or 
splinters may he along its course, or a still adherent mdge may have 
been merely rolled over he furrow and the powder maj each be 
possessed of colour, though such may not be distinguishable in the 
mineral, or may have a colour quite different from that of the 
mineral Thiee illustrations of the usefulness of this test may 
suffice Argentiferous gold, nag Caer and pynte, differing 
immensely in value, may readily be mistaken for each other 
The knife, when drawn along the surface of the first, sticks 1n it, 
ruts up an adheiing midge and leaves a shining streak of the same 
colow as the specimen When drawn along the second 1t ruts up 
a trench covered with adusty powde: which when rubbed on paper 
o1 in the hand 1s greenish yellox When drawn along the third 
it has no effect, as pymte 1s harder than the knife Psilomelane, 
hematite, and lamonite all occur in black glossy, stalactitic forms, 
and have all been termed ‘black hematite There is here also 
great difference in the value The knife makes little my ression on 

silomelane, but leaves a blue lustrous hne it makes a blood red 

e in hematite, and a mch ochre yellow in limonite Graphite 
and molybdenite both crystallize in tie: lag plates both occur in 
the same rocks, both have a grey black colour and a brillant 
metallic lustre, both stam the hands or paper, the streak of the 
first—best seen on paper—is blach, tendm,s to blue , thit of the last 
1s greenish Rough porcelain 1s the best material for determing 
the streak of soft minerals 


Diaphanety —Ninerals, and even different specimens of Trans 


Some Musion 
of light. 


the same species, vary much in this quality 
transmit so much hght that small objects can be clearly 
seen, or letters read, when placed behind them, such are 
named transparent They are semitransparent when the 
object 1s seen only dimly, a> through a cloud, and translu 
cent when the light that passes through 1s so broken that 
the form of the object can be no longer discerned some 
minerals are only thus translu ent on the thinnest edges 
Others transmit no hght, and are named opaque 


Refraction —It has already been mentioncd that most Double 


crystals—all, in fact, except those of the cubical system— ale 
100 


exhibit the phenomena of double refraction For a 
general eiplanation of these phenomena the reader 1s 
referred to Licat, vol xx p 609 «7 


The direction in which there 1s no double refraction 15 named Optic 
the optic axis of the cr}stal —sometimes less hapyily_ the aus of aus 


double refraction Now in ceitain minetals it 1s found that there 
is only one direction with this moperty whe mm othe . there 
are two such airections and they have im conscquence been divided 
into uniaxil and binaxal To the former belong all civstals of 
the tetragonal and hexagonal systems to the latter all those of the 
other thiee systems In the former the cptic axis coincides with 
or 18 parallel to the crystallographic chuf axis In some uniaxal 
crystals the mdex of refraction fo. the extraordinary ray 1s greater 
than for the ordinary ray and im others it 1s smaller (ce ording 
as itis greater or less they are said to have positive (attractive) or 
negative (1epulsive) double refraction 

Quartz 1s an example of the former the mdet of icfraction accord 
ing to Malus, being fur O=1 o484, for E~1 5082 cak 4 u of the 
latter, the mdex of O bemg =1 6540, that of E 14853 The 
index of E 1s in both cases alan at its maximum 

It should be observed that the optic axcs are not single lines, but 
directions parallcl to a line, passing through every yut ct the 
crystal Itis uso umportant to remuk that this property divides 
crystals into three precise groups —the cubic with single refrac- 
tion, the tetiagonal ard hexazonal with double refraction, and 
uniaxal, thosc of the other threesystems also double, Lut binwxal 
These } roperties are therctore of the gieatest use in determming 
the system to which a mincial belongs 


Polarwrateon —Intimately connected with this property Polar 71 
1s that of the polarization of light, which affords an easier ton 


means of determming mineralogical chaactenistics than 
the direct study of double refraction For the elements 
of this subject see Licnt, vol xv p 611 ag 

While a consideration of the optic axes enabled us 
merely to arrange the systems of crystallization in three 
groups, the phenomena of polamzation not only bear out 
a further subdivision of the whole into the above six 
systems, but disclose, in many cases, phenomena markedly 
special to mdividual species The optical consideration 


along with the hardness, which may to a certain extent be ; of these phenomena enables ns to fix three directions at 
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heading also we must refer for the phenomena of circular 
polarization 

Double Refraction and Polarization of Compomte Crystals —In Optic 
all the crystallized bodies whose action upon hight we have been proper 
considering, the phenomena are identical 1 all parallel directions, ties of 
the smallest fragment having the same property as the largest, composite 
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Axes of nght angles to one another—called the axes of optical 
optical elasticity—such that the effect of the crystal on the 
elasti luminous vibrations of the elastic ether 1s a maxmum in 
cty one of these directions, a mmimum in a second, and a 

maximum minimum in the third The length of these 


axes 1s chosen in terms of this action In certain cases 
the direction of the axes of optical elasticity 1s different 


for light of diffcrent colours 

The position of these axes in relation to thee 
and the ratios of their lengths, enable us to ¢ 
follows — 

1 Crystals of the cubic system Here the three axes of 
clasticity are all eyual J ho refiaction 2» simple 

2 Crystals of the tetragonal and «f the rhombohedral systems 
Two of the axes of optical clasticitv are equal in these systems, the 
third 1s greater or less accor ling as the crystals are negative or 
positive Ihc tno equal axes lie im a } lane perpendicular to the 
pmnuyal crystallograpinc axes, the thud axis coincides with the 
principal axis 

8 Crystals of the might prismatic system The duection of the 
three axcs of oy tical elasticity coinci les with the crystallogiaphic 
axes, takcn pitalll to the diagonals of the base of the rhombo 
hedron and tothe vertical ede of the prism (the primitive parallel 
eptped of Lc vy) 

4 Crystals of the oblique jmsmatie system Only one of the 
axes of opti al clasticity comcides necessarily with the cry stallo 
graphical houvontal axis or the diagonally horizontal axus of the 
thoml1 bie the ducction of the two others not having any 
evilent rlation @ rent with the mclined or diagonally imchned 
axis of the base and with the vertical avis (or vertical edge of 
the primitive y arallcley iped) 

5 Crystals of the auorthic system The three axes of optical 
elasticity have no relation that can be assigned a priors to the 
erystallographi. axes whatevcr position may be assigned to these 
in relation to the primitive solid 

In crystals belonging to the last three systems the three axes of 
elasticity are unequal 

The axcs of elasticity are in general such that a ray passing 
through the crystal in the dicetion of any one of them 1s divided 
into two, which follow that direction with diftcrent velocities 
depending on thc lengths of the other tno axes To any other 
duection there will in geneial also corresjond two different 
velocities ]ut thar ratio will now depend in a more com lex 
manner on all thice axes In two directions (and only m two, if 
the acs ai all unequal) the 11tio becomes unity, or the ray 1s not 
divided These directions ue the optic axes 

The dis} laccment of the axes of elastiat, for hzht of different 
colours alles 1y mentione 1 takes } lace for two axes m crystals of 
the ol liyue prismatic system an] for all thrve axes in the anorthic 
{ze doubly oblique) system In the other systems 1t does not 


stallographic axes, 
arava as 


cur 

Inori1 tof How the distin tive feitures of the different systems 
farthir it is ne cs uy to consiler the olour phenomena which 
ticy lispliy when examined ina beam of polanzed hght Van 
ous mstiuments have becn devised for this purpose, as, eg, the 
anit app iritu of 

ouenluy fitted with 
a con lensing Jes below 
and tboye the cristal 
slice, or with + low 

ower (3 m hh) cye piece 
Ihe polariscope of Hoff 
man of tans 1s moie 
efficient but the arpa 
ratus of Depcloieaux 
(hs 240) who has made 
this mole of investiga 
tion a special study has 
the wilest sccye of use 
fulness In this ayya 
ratus at lackenc} mimior 
1s em} love | fo jolanv 
ing the light tal ing the 
place of a toumaline 
me ee ' im al — 
or a bundle of thin class 
The mirror 15 inferior" 240 —Apraratus of Descloim 
to the other two in completeness of yolarizing power and in not 
admitting of rotation while it shares this dcfect with the last 
It 18, however, superior to ill mm extent of field while it does 
not, like the first, affect wlute hght A \icols prism 18 used for 
examining or analysing the light which passes 

The description of the many beautiful phenomena that may be 
observed with pclanzing epparatus when 7 to sections of 
crystals belongs to the subyert of Optics (Puysicat), to which 
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fiom whatever part of the crystal 1t 1s taken 
world, however (and among the products of artificial crystallize 
tion), there occur crystals which are composed of several individual 
crystals whose axes are not parallel ese crystals sometimes 
occur in such regular symmetrical forms that mineralogists have 
long regarded them as simple forms, and 1t 18 probable that they 
would have stil been so viewed if they 
had not been exposed to the sciutiny of 
polarized hght 

A composite structure has been ob 
served in the case of Brazilian topaz 
sulphate of potash, and apophvllite 
Bipyramidal sulphate of potash, which | 
Count Bournon supposed to be a simple | 
crystal, was re to be a tesselated 
crystal, composed of thiee pairs of c1}stals 
of the prismatic sulphate of potash com 
bined so that each pair had ther pmncipal 
axes parallel When eaposed to polarized 
light, each pair gave the system of binaxal 
rings, and when held at a distance from 
the eye had the tesselated appearance shown an fig 241, each 
opposite pair of the triangles having the same tint 

he most remathable of this class of mmeials 1s the tesselated 

apophylhte ‘he exammation of this body by polanzed light 1s 
due to Brewster Fon hus results the revder 1s referred to his paper 
in the Edinburgh Transactions vol 1x p 328 

Figs 242, 243 are representations of the figure produced m 
polarized hight by an mternal slice of the barrel or cylindrical 
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apophyllite fiom Kudlisaet, m Disco Island The figures are from 
different specimens The shaded part of them has only one axis 
of double refraction, while the four sectors have two 1a\e9 ©The 
mechanical structure of the clcav 
ag. planes resembles the optical 
figuie even after the planes are 
ground 

The minerals stilbite, heulan 
dite chabasite, and many others, 
aie similarly complex in stiuc 
ture : 
Crystals with Planes of Double 
Refraction —Analcime, a mine)! 
ranked among the cubical crys 
tals was found by Brewster to be 
oy ew in its action upon hght, 
and to exhibit the extraordinary 
yioperty of many planes of double 
refraction, or planes to which the 
double refracting structure was related in the samc manner as it Is 
to one or two axes in other minerals It crystallizes most com 
monly in the form of the icositetrahedron _If we suppose a com- 
plete crystal of 1t to be exposed to polarized hight, xt will give the 
remarkable figure shown in fig 244, where the dark shaded lines 
represent planes in which there 15 neither 
double refraction nor polarivation —the 
double refraction and the tints commencin, 
at these planes and teaching their maximum 
1n the centre of the space enclosed by three 
of the dark Jines When hight 18 trans 
mitted through any pan of the four plancs 
which are adacant to any of the three axes 
of the solid, 1t 18 doubly refracted the least 
refracted mage being the extraordinary one 
and cuesaly the double refraction nuga 
tive in relation to the axes to which the doubly refracted ray 
perpendicular If we suppose the crystal to have the form of @ 
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In the manera] crystals 
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cube, the planes of double refraction will be, as in fig 245, a 
plane passing through the two diagonals of each face of the cube 

The tints vary as the square of the distance from the nearest plane 
of double refraction 


Pleochrorsm —Closely connected with double refraction 
is that property of transparent minerals named pleochroism 
(of many colours), in consequence of which they exhibit dis 
tinct colours when viewed by transmitted hight in different 
directions Crystals of the cubic system do not show 
this property, whilst in those of the other systems it 
appears in more or less perfection,—in tetragonal and 
hexagonal minerals as dichroism (two colours), in the 
rhombic and clinic systems as trichroism (three colours) 
In most cases these changes of colour are not very decided, 
and appear rather as different tints or shades than as 
distinct colours The most remarkable of dichromatic 
minerals are the magnesian mica from Vesuvius, the tour 
maline, and mpidolite, of trichromatic, 1ohte, andalusite 
from Brazil, diaspore from Schemnitz, and aximte 


In a specimen of yellow Iceland spar the extraordinary image 15 
of an orange yellow colour, while the ordinary image 1s yellowish 
white Along the axis of double refraction the colour of the two 
pencils 1s exactly the same, and the difference of colour increases 
with the ielination of the refiacted ray to the axis This 1s 
the invariable law of the phenomena mm umiaxal crystals Su 
John Herschel found several tourmalines to have a blood red 
colour along the axis, and at mght angles to it to be yellow gieen 
There can be little doubt that this property will be found 1n every 
crystal of sufficient refraction Even if the crystal 1s colouless, 
a slight inequality in the intensity of the two images may be 
observed, and when it 1s distinctly coloured ihe di areting of 
mtensity 18 very easily seen, even when the two colours are not of 
a different kind 

The hares of dichroism are best seen in crystals with two 
axes of double refraction, and are well exemplihed in iolite, a 
mineral which crystallizes in six or twelve sided pnsms These 
prisms are of a deep blue colour when seen along the axis, and of 
a yellowish brown colour when viewed 1m a direction perpendicular 
to it 

If abed (fig 246) 18 a section of the prism of 1olite im a} lane 
parallel to the rx1s of the prism the transmitted hght will be blue 
through the faces ab and - and yellowish brown 
through ad, be, and 1n every direction perpendicu ap 
lar to the axis of the pnsm If we grind down ; 
the angles a, c, 6, d, so as to replace them with ” i 
faces mn, nun and op, op, inclined 31° 41 to ad, 
or to tlic axis of the prism, then, if the plane 
abed passes through the optic axes, we shall ° és 
observe by transmitting polarized light thiou,h 
the crystal in the directions ac bd and subse 
quently analysing it a system of mngs round each Fie 24b 
of these axes ‘Lhe svstem will exhibit the mdividual rings very 
plainly if the crystal 1s thin, but if 1t 18 thich, we shall observe, 
when the plane abcd 1s perpendicular to the plane of primitive 

larization some branches of 

jue and white light diverging 
in the form of a cross from the 
centie of the system of rings, 
or the poles of no polanzation, 
as shown at pand p (fig 247), 
where the shaded branches 
represent the blue ones The 
summits of the blue masses 
are tipped with purple, and 
are separated by whitish light 
In some specimens and yellow- 
wh light in others The white 
light becomes more blue from 
vy and p too, where it 1s quite 
blue, and more yellow from p 
and p’ toc and d, where it 18 
completely yellon When the 
plano abed 15 in the plane of primitive polarization, the poles p p 
are ee by spots of white light, but everywhere else the hght 
1s a deep blue 

In the plane cadb (fig 247) the mmeral, when wo looh through 
it by common light, exhibits no other colour but yellow, mucd 
with a small quantity of blue, polarized in an opposite plane The 
ordi image at cand dis valiowiah brown, and the extraordinary 
rmage faint blue, the former recelvmg some blue rays and the 
latter some yellow ones from cand d toa and 4, where the diflerence 
of colour 1s still well marked The yellow image becomes fainter 
froma and b top andy’, tillit changes into blue, and the faint blue 
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image 1s strengthened by other blue rays, till the intensity of the two 
blue images 18 nearly equal As the incident ray advances from ¢ 
andd topand p, the faint blue :mage becomes more intense, and the 
yellow one, receiving an accession of blue rays, becomes of a bluish 
white colour The ordinary mag? 1s whitish from p and p to o, 
and the extraordinary 1s deep blue, but the whiteness ually 
diminishes towards 0, when they are both almost equally blue 

The principal axis of double refraction in 1olite 18 negative. The 
most refracted image 1s purplish blue, and the least refracted one 
yellowish brown 

Brewster found that the dichroism of several crystals 1s changed 
by heat, and that im some cases this property may be communi- 
cated to them Babinet found that all negative cr}stals, such as 
calcareous spar, corundum (including ruby and sapphire), tour- 
maline, and emerald absorb in a greate: degree the ordinary ry, 
with the exception of beryl, apatite, and some apophyllites while 
positive crystals, such as zircon, smoky quartz, sulphate of lime, 
and common apophy !lite, absorb in a greater degree the extraordi 
nary ray Babinet found also that certain crjstals, such as red 
tourmaline and ruby, transmit ravs of their peculiar colour without 
being polarized, —1n which cases the black cross of their system of 
rings 13 coloured and this unpolarized hight exists both in the 
ordinary and extraordinary ray 

Haidinger devised an mstrument for showing and for testing the 
pleochroism of minerals In fig 248 p 1s an oblong cleavage 
thombohedron of Iceland spar which has two glass pusms w,1 of 


Fie 248 —Section of Dichro: cope 


18° cemented to 1ts ends with Canada balsam Thw combmation 
1s placed in a metallic case which has a convex lens / at one end 
and a squaie hole o about the fifteenth of an inch in width at the 
othe: Lhe lens 1s of a focal distance which shows an object held 
about half 1n inch from the square hole 

On looking through the lens and prisms two 1mages of the square 
hole are seen just touching each other The light ot the one 
image 18 polaiize1 in the plane which intersects the short diagonal 
of the prism that of the other 1s polazizel in the plane of the 
longer diagonal When a pleochroic crystal or fragment 1s held at 
focal distance and examined by transmitted light then on the 
turning of the instrument bringing the olarization of 1ts planes inte 
coincidence with those of the c1sstal the two images of the sjuare 
opening will show the colouts of the oppositely polarized pencils of 
which the hght transmitted by the ciystal is composed, this 
constitutes 1ts pleochioism ~—_— The dichroism 1s then seen by looking 
through the crystal in one dnection only and the contrast of the 
two colours 1s made morc oby10hs 


Phosphor escence —This 1s the property possessed by par 
ticular mineral» of emitting hzht im certain circumstances, 
without combustion or ignition 


Thus some minerals appear luminous when taken into the dark, 
after being for a time exposed to the sun s ravs or even to the ordi 
niry daylight Many diimonds and also calcined buytes exhnbit 
this property ma remaihable degree less so aragonite, cal. spar, 
and thal Many minerals including the neater put of those 
thus rendeted phosphorescent by the influence of the sun also 
become so thiough heat ‘Thus some to, 2zes diamonds and vane 
ties of fluor spar become luminous by the heat of the hand, other 
varieties of fluor spar, and rapeseed megane a temperature near 
that of boiling water wlulst caile spar and many silicates are only 
phosphorescent at from 400° to 700 Fahr 

Mectneity produces phosphorescence in some mmemls as m 
green fluor spar and calcined barytes — In others 1t 15 excited when 
they ate struck rubbed split, or broken as m many vaneties of 
zinc blende and dolomite when scratched with a quill pieces of 
quartz when tubbed on each othe1, and plates of mica or needles of 
pectolite when suddenly separated 

The hght emitted by phosphorescent minerals 13 of various tints 
‘The vanety of fluor called chlorophane emits, as its name ¢ \presses, 
a gieen hight The same particle may emit varving tints, 1 1n the 
fluor from Aberdeenshire, which, as the heat falls, or the energy of 
the ee wanes, emits tints which pass from violet, 
through blue, green, and yellow, to dull purphsh md The yellow 
blende from the same place 15 vividly phosphorescent when heated 
Fluor generally phosphoresces with a tint of its own colour 

Too high a heat destroys the phoaphorescence, whih may, how- 
ever, be restored by either exposure to suns light or to electricity. 
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The mineral phosphoresces vividly when the arsohaty® passes 
through it, it generally phophorss with a different colour after 
1t has been thus recharge 

Fluorescence 1s the property whereby rays of light of a 
refrangibility higher than those ordinarily seen by the 
human cye are rendered visible The substance when 
placed in the violet cnd of the spectrum, and carried be 
yond it into the imvasible rays, becomes luminous, through 
“degradmg the rays of extreme refrangibility This 
property 18 well marked in those varieties of fluorite which 
arc pale green by transnmutted light, and deep purple by 
1cflucted ght Ozocerite and some petroleum» also ex- 


hibit the property 
Electric, Magnetic, and Thermre Properties 


Electricity —Friction, pressure, and heat may all excite 
electricity in mineral, To observe this property delicate 
electroscopes are required formed of a light needle termin 
atinz at both ends i small balls, and suspended horizon- 
tally on a stucl pivot by an agate cup Such an instrument, 
can be electrified negativcly by touching it with a stick of 
sealing wia excited by rubbing, or positively by merely 
bringing the wax so ner as to attract the needle When 
the mstrument 15 1n this state, the mineral, 1f also rendered 
electric by heat or friction, will attract or repel the needle 
accoiding as 1t has acquired electricity of an opposite or of 
a similar kind, but if the mimeral 1s not electiic 1¢ will 
attract the ncedle in both conditions alike 


Most } recious stones become electiic fiom fiiction and are either 
positive or n¢,3tive accor ling as then surface 1s smooth or rough 
All gems become positive when} olished =the diamond even when 
un} olished 15 positive Pressure between the fin,ets will excite 
distinct positive electricity in pieces of transparent double 1efracting 
calc spar lojaz aragonite fluo: spar carbonate of lead quartz, 
and other minerals show this property, but in a much smaller 
degree Soine bodies 1emain e\cited much longer than others, 
topaz for a very long time Hert or change of temperature excites 
electiicity in nany crystals, asin tourmaline calamine topaz, calc 
spat bety] bates fluor spar diamond garnet, and others, these 
are hence said to be thermo 1 pyro clectiic Some acquire polar 
pyto clectricity o1 the two electiicities aj pear in opposite parts of 
the crysta: which are named its clectiic polis rk ach pole 1s alter 
natcly positive and negative the cne when the annaeal 
the other when it 1s cooling Huinkels imvestigations of these 
phenomena are specially noteworthy 

As aliealy notice! many pola: clectric minerals are also remark 
able for thei hemimorphic crystal forms Tourmaline, calamum 
and boiacite ate among the sjecies thus affectel The polarity 
continucs s» long as the tempelature 1s increasing and becomes 
:6vcrscl when 1t commences t> decline anl when the heat 1s 
etiti uary it disay pears 

lose in] Reiss name onc of the poles the analogue electuic ole, 
and the othe: the antilozuc clectiic pole The former becomes 
positive While the crystal is heatin, anl nezitive while cooling 
the litter ne,ative while heating anl positive while cooling 
Beequerel found that in tourmaline at 80 C electrical jolanity 
was sensible it contmucd unchansed to 100° as long as the 
temperatuie continued to mse, if the tempuatuie 1emaimel 








Fig 249 


stationary an instant the polarity disayyeared, but shortly mam 
fested itself reversed, when the tempaia uc commencul to decline 
If but one end of the crystal was heated the crystal was unpolanzed 
and when two sides were unequally heatcd each acquired an electn 


Fig, 250 


cal state independent of the other In tourmaline the extremities 
of the prism are cissimilarl; modified, and that end which presents 
the greater number of planes is the antilogue pole, or, if the 


is heating, | 
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number of planes 1s the same, the secondary rhombohedrons of the 
antilogue pole have (one or more of them) longer vertical axes than 
those of the analogue pole Fig 249 (tourmaline) 1s the antilogue 
pole a ae under increasing heat), and fig 250 the analogue 
pole The pyramid of the analogue end 1s more flattened by 118 


facets than that of the antilogue end, thus e* and di of the anti 
logue end are more acum1 
nating than e! and d? of the 
analogue end ‘hesameis , 
the = a. the other two / e! 
ciystals (hgs 251, 252) ZZ 
Pyro slecaety has ben ZH 
observed in the following ZY 
substances -—— tourmaline, 
topaz, axinite, boracite, 
scolezite, piehnite, electiic 
calamine, sphene, 1hodizite, 
heavy spar, rock crystal 
Pyro electricity 18 of two 
kinds,—erther terminally 
olar or centrally polar 
n the forme: the extie 
miuties are opposite poles |, 
In the latter two siles of 
& plism are of the same ~“ 
name, and the opposite pole 
to each 1s intermediate be 
tween the two 
‘lhe examples of the first kind ate tourmaline, calamme, and 
scolezite, which are umia\al aainite, binaxal oboiacite and 
rhodizite, with fow axes Calamine, like tourmaline, has the 
sharper eavgremity the antilozue 
end, and the more flattened the 
analogue Compound crystals 
fiom Altenberg have both ends 
analogue, and the portion which 
hes between the twins antilo,ue 
electiic , the pro electiic a\i 
corresponds with the vertical avn 
of the prism, as in tourmaline 
Boracite, which crystallizes 1 
cubic forms, with the opyosite 
3 lil an.les differently modifed, 
has four pyro electric axes coire 
sponding to the fou octahcdral 
axes In fig 2v3 of this species, 
the plane which has its angles modified ky 
vis the antilogue pole, and that with the 
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unmodified angles the analogue pole , and, generally, the antiloguo 
pole has either more numerous or larger facets Rhodizite ro- 


sembles boracite in its pyro electricity 
The species in which pyro electricity of the second kind has been 


observed are prehnite and topaz If fig 254 represent a tabular 
erystal of prehnite, the poles will be situated as markcd, the 
analogue being central, and the antilogue at either extremity of 
the shorter diagonal of the rhombic pnsm Topaz has in a similar 
manner a central analogue pole, and an antilogue at either ex 
tremity of the shorter diagonal In somo instances thre 18 a 
separate set of similar poles near one or the othe: angle as in fig 
2u5, this must be due to the crystals being of a composite nature 

Magnetism —This property is very characteristic of the 
few minerals in which 1t occurs,—chiefly ores of iron or 
nickel Some magnetic iron ores possess polar magnetism, 
or are natural magnets, while the common varictics of 
magnetite, meteoric iron, magnetic pyrites, precious garnet, 
and other minerals, are simply magnetic Most mmerals 
are only attracted by the magnet, but do not themselves 
attract iron 

Minerals, as other substances, have also been divided into 
magnetic and diamagnetic See MAGNETISM 

The ordinary mode of testing whether a mineral 1s magnetic or 
not 1s to bring it near @ pole of a delicately suspended magnetio 
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needle, nd observe whether it causes 1t to vibrate Another mode 
1s to apply a strong magnet to the mineralin powder These are 
sufficient for the mincralogist Delesse has experimented eaten 
sively upon the magnetic force of minerals, and has determined 
the relative amount for numeious species Calling this force for 
Styrian steel 100, the following are some of his results — 

Native platinam 

Magn t c1ron ore 


Fiankhi ite { om the Luited States 
Chromic non 


0 18¢ to 0 0€5 
Spinel (pleonaste) from Mcnzoni Tyrol 0 078 
tamic 1100 (1! ombohedial) often magnetipolar > (4 
Specular iron sometimes magnetipolar 0 14 to 2 3y 
Graphite 0(15 to 0 040 
Spathic iron (spherosiderite the ! i,hest) 0 092 to 0 87 
Tron py rites 00 9to 0 057 
Vivianite 0 027 to 00 5 
Columbite of Bodenmais and Haddam 011 
Pyrochloic 0010 
Chrysoprase (quatz is diamagnetic but many vane ) 
ties are magn ti ) fe? 004 
Felspar somct nes fcebly magnetic 
Labi dont of an antique green | orphyry 0 077 
Hoinblende 0 012 t0 007 


Crystallomagnetre Action —The magnetic polarity thus 
far alluded to belongs to the mass, and has no relation to 
crystalline form There 1s also a kind of polanity directly 
related to the crystallme or optic axes of mmerals A 
crystal of cyanite, suspended homzontally, points to the 
north, by the magnetic power of the earth only, and is a 
true compass needle, from which even the declination may 
be obtamed , and the line of direction 15 the line of the 
optic axes Other crystals, which are called negative, 
take a transverse or equatorial position The latter are 
diamagnetic crystals 

Conductunty fo. Heat —Senarmont found that the con 
ducting power of collosas and of crystals of the cubic 
system 15 equal in all directions, but that it varies in 
different directions in crystals belonging to all the other 
systems, exhibiting characters analogous to those deduced 
from their double retraction, conformable with the optic 
axes of the crystal, and referable, a» in the latter case, to 
axes of elasticity, or unequal compression of the molecules 


The fundimental frct 1s easily shown by taking two slices of 
rock crystal, one cut tronsverse to the aus and one prrallcl to it 
Through the centre of each plate a small hole 
is drilled for the reception of a bent wire 
which by msertion into the hole sustains th 
plate Lhe other end of the wire 13 to be heated, 
and the iate of the conduction of the heat 1s 
rendered visible ty the mount of a thin coxting 
of beeswix with which the z lite has been pre 
viously covted which 1s melte | round the central 
hole It wall be seen thit im the transverse sli e 
the wx 13 melted in acuceulai form, while in the 
longitudinal slice the form 1s cllptical (fig 276) 

The conduction 1s equal im all duertions, 4s 
regaids the transverse aves cf the hexagonal 
rism, but more 141d m one duection in the 
ongitudinal slice, ind that direction 1s the linc 
of its optic axis In the case of quarts the two 
diameters of the ellipse are 1s 1000 to 1312 

If the regular disposition of the molecules of 
amorphous bodies be interfered with by uncqual 
tension 01 compression, the regula ty of their 
power of conducting heat 1s destioyed, and they 
also show elliptical forms of melted wax, and 
the shorter axis of the ellipse 1s m the linc of 

ressure o1 undue packing of the molecules 

he hevt thus does not travel so fast in this Fi, 26 
direction,—pirtly becwse it 1s spent in the 
heating up of the greator number of molecules Hence we might 
conclude that along the main avis of quaitz a smult numlcr of 
molecules aie packed in an equal space than along the trimsverse 
The following are the more important of Senamont » results 

1 Crystals of the tetragonal and rhombohcdral 94st ms have one 
axis of conductivity which 13 either greatu or smalic thin the 
others, and this axis comcides with the mai crystallographic v.15 
The isothermal surfaces are ellipses which he in the line of this 
axis, and these ellipses may be eithu: clongated ot flattened in 
the direction of this line 

Y In crystals of the nght prismatic system the isothermal 
surfaces hive threo unequal axes, which comeide with crystallo 
graphic axcs drawn parallel to the edgcs of the rectangular prism 

8 In crystals of the obliau. rhombic system the 1sothermal 
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surfaces have three unequal axes, one of which coinci ies with the 
horizontal diagonal of the base, while the other two have lire tions 
vhich are not referable to anv law 

4 In crystals of the anorthie system the isotherm | surfures 
iave thiee unequal axey, all with mdetermimble } ositions 

In crystals of a smgle aus there appears to exist no constant 
relation between the axis of optic elastiaty, whether maimmum o1 
minimum, and the axis of the greatest or of the least calonfic 
conductibility Thus, of the minerals examined by Senarmont, 
quartz (+), calcite (—) cassiterite (+), rutile (+), and calomel 
(+) have all their gieitest vs of conductibility parilel to the 
[rimerpal axis, idocrase, berv] tourmaime and corunuum, all 
optically negative have on the contrary their smallest xis of 
conductibility parallel t> the axis 

In crystals belonging to the obliqu. :nombie system there 19 
rarely coincidence between the thermic aics anl the ixes of optic 
lasticity In gypsum and in felspir these he apart to a marked 
ratent 


Dilatation by Heat —In crystals of those systems in which Dilsta- 
the molecules are arranged unequally as regards their axes, tion 


the amount of their dilatation when heated 1s unequal in 
the direction of ther axes Our knowledge of this subject 
1s chiefly due to Mitscherlich 


In crystals of cubic symmetry the exprnsion 1s equal im all 
directions The dimetric systems—the py1amidal an 1 hexagonal— 
ue brou ht together as resirds this quality masmuch » the axes 
of volumetric change ate in these the same for, while these mn 
the y}ramidal correspond with the ecrjstallcsrayhi 3, un the 
hexa,onal the three a\cs are the vertical one lateral vs and an 
1X15 Tung intermediate to the othe: two and at r ,ht an,les to the 
first lateril axis The exyansion along the principal ais may be 
either sreater or less than along the others, and in some minerals 
there 1» even contraction along one axis 

In the nght prismatic system the axes of dilatation correspond to 
those of form In the oblique prismatic one axis colresponds with 
the orthodiagonal but the others make angle» not onlv with the 
other ciystallogray hic axes but strange to siv with the aes both 
of thermic conductivity anl of optic elisticity We are as vet 
ignorant of the properties of anorthic crystus in this re yect 

As a consequence of this unequal exp sicn along difl int axes, 
the angles of ervstals, other than those of th culic s\stem are 
altered un ler the influence of heat The alteration 1s extreme in 
the case of calcite, where through elongation alons the vertical 
axis with some concomitant contiaction of the transverse the 
an,je of the rhombohed1ic faces 1s, when the cry ttl 1s heated 
fiom 32° to 212° F diminished fiom 100 v to 104° ub 23 ,— 
the form thus approaching that of a cube > the temjcrature 18 
raused 

Dolomite in the same ranve of temperiture dimim hes 4 46 
Inson ethombohedrons wof calc spar the vuticalari 1s lengthened 
(and the lateral shortene!) while m others ]4 juutz the reverse 
13 true The varimtion 1s such, either wis that the double refrac 
tion 1s diminished with the increase of heat forcal spar possesses 
negitive double refiaction, and quartz jositive © According to 
Fresnel the same 1s tiue of gypsum The dilatation for cale spar, 
accoiding to experiment, 13 0 001961 

hopp has shown that in the carbonates of lime mignesia, iron, 
manganese, and zinc which we nearly the same in the anzle of their 
ervotals, the vertical axis 1» shorter the greater the i* mic volume 
{nd since heat diminishes the density, and ther for necessarily 
increises the volume, the ax1s a should bo Jenzthen: 1 1\ an increase 
of temperstme, 18 1s actually the case He his letermuned by cal 
culation that the change of angle from32 t 21. sl ulte? 37 

Although im the gieatu: number of crises tle vations are so 
small as to be scarcely measurable yet thes may lt  sufhaent for 
estvblishing 3 diffcrence between substances which hive iwentical 
geometric form while belonging to ditferent s\stemys of cry stalliza 
tion The ingle of arhoml ohe tron might 1t a certain tem] erature 
be 90°, anl so comcide with a cube Lut that ani} would in a 
th mbohcdron change whencvci the temperature altere 1, while the 
angle of a true monometue cube 1s constant at il temperatures 
The increase m volume and diminution in dens ty whih generally 
lesult from heating are always accompanid by a change in optical 
properties In trimetric crystals, where the y1ncipil m tices alter 
unequally, the change affects the amount of dive atnce of the optic 
axes ‘Lhe amount of alteration m gypsum when the divergence 
1s limmished, extreme At the ordinary temyeriture the angle 
of the divergence of the optic aves which Jn im the ylane of 
symmetry is about 90° for red light, when b atet te 177° it 1s 
diminished to 0°, and for the moment the cristal a} 11s to be 
umaxal When more highly herted, the ave agi dis age, but 
m 1 plane at right angles to the onginal ome ani in olinz these 
changes take place in reversc order = In baivtes inde | stim again, 
the alteration an the angle of the optic avcot a divergence when 


heated 
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Characters denending on Cohesvon 


These characters are of five kinds —(1) hardness, (2) 
tenacity, (3) elasticity, (4) cleavage, (5) fracture All may 
be considered 1 related to the power of resisting attempts 
to separate one prrt from another 

1 Hudness —A harder body 1s distinguished from a 
softer either by attempting to scratch the one with the 
other or 1) trying each witha file Each of these methods 
is used by the mineralogist in determining the hardness 
of the specics, though the latter 1s im most cases to be 
preferred Both methods should be employed when 


practicable 
Certam ¥ metics of some minerals give a low hardness under the 
file owing (ther to 1mpumties or imperfect aggregation of the 
rticles whil they ser itch another mmeral uy on whicha file would 
le nocffut showing that the particles of the first are hard, though 
loosely igztegited Chiastolite, spinel, and sapphire are common 
examples of this When the mimetal 1s too hard to be mpressed by 
afile th jecularity of the grating sound will sufhce for the prac 
tised eal 
Mohs intr duced a scile of hardness, consisting of ten minerals, 
which gra luilly merease in hardness from 1to10 The intervals 
between 2 nl J and 5 and 6 are larger than the others Breithaupt 
has ther f rm introluced amother eee of hardness between each 
of thea! + in thus his scale consists of twelve minerals 
Thes we 1 as follows — 
Tale common laminated light green variety 
(yy;sum a crystallized yanety 
Mr 1 (muscovite) 
(ili ¢ transparent sanety 
Fl11s, u crystallin variety 
Ay tite transpatent sanety 
S apolite crystalline vanety 
Tels} ar (orthovlase), white cleavable variet) 
Quart7 tiansparent 
Toyaz transpirent 
Say phue cleavable varieties 
10 Diamond 


If the file atrales the mineral under trial with the same ease as 
No 4 and produces an equal depth of abrasion with the same force, 
its hardness 1s said to be 4, 1f with more facility than 4 but less 
than 5 the hardness my be 4} or 44 written in decimals 4 2 45 
Several successive trials should be made to obtain certain results 

The u_ of the file is acquired with very littleexperience usual] 
a single trial is sufficient Care must be taken to apply the file to 
edges of ejuil obtuseness That part also of the specimen should | 
be select d which hag not been altered by exposure, and has the 
highest dezree of thansparency 1nd compactness of structure The 
pressure {x1 determination should le rmther heavy and the file 
should b yas cd three or four times over the specimen 

Where the scie of hardness 1s wanting or a first rough deter 
mination iss uvht the fcllowing experiments may serve — 

Every "nim ral that 19 sustched by the finger nail has H =2 5 or 
Jess = Minerals that scratch copra: have H —3 or more Polished ° 
white non hisH =45 Window .lass has H =5to55 Steel 
point or fil. has H —6 tc 7 her e¢ every mineral that will cut or 
scratch with 2 good yenknife has H less than 6 = FlinthasH =7, 
and only about a dotn minerals inclu ling the precious stones or 
gems, are hit ler 

Many syecimens prrsent different degrees of hardness on dis 
similar fucs as an example of which we mention cyamite ani 
mica This 1s confined to the ncquilateral primary forms and lthe 
the similir dificrence of -olour, lustre &c, fds a ready explana 
tion in the theors of then formation, unlike faces are the result of 
the action of a j olar force u ting along unlike axes 

This difl renee im faces parallel to unlike axes may be perceived 
in nearly ill cases when the methods of tnal are sufficiently 

delicat Huygens observed jong ago that the cleavage face of a 
erystal of ( uc spar differ d in nudness from the other faces and 
even in 1 wonometric crystal it has been found that the faces of 
the cube anlo tahedi n arc not exactly alse in this respect 


2 Tenarty—Sohd minerals are said to be brittle, 
sectile, malleable, fleuble, or clastic — 


1 Brittle when parts ofa mineral separate in yowdcr or grains 
on attempting to cut it, as baryte cale spar 

2 Secti? when pie cs may be cut off with a kmfe without fall 
img to powder but still the mmeral pulverzes under a hammer 
as brucite gypsum 

38 Maticble when slices may te cut off and these slices 
flatten cut uider a hamr er, as native gold native copper 

4 Flearble when the mineral will bend and remain bent after 
the bending iurce 1s removed , as gypsum, graphite, tale 
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5 Elaste, when after being vent it will erring back to its 
original position , as mica 


A liquid 1s said to be wscous when, on pouring it, the 
drops lengthen and appear ropy , as petroleum 


3 Elastevty —Investigations on this property have not Elasticity, 


to any extent been entered upon The unequal elasticity 
of unlike faces of crystals has been shown by Savart in his 
acoustic mvestigations, and he was able to distingmsh the 
rhombohedral from the other faces in the pyramid of quartz 
crystals , he also showed that the figures formed upon 
vibrating plates of crystals were directly connected 
with their optic axes Milne, by measuring the amount 
of recoil of a sphere o: calcite when struck at different 
points by another of rock crystal, found that the elasticity, 
as thus measured, was greatest along the line of the optic 
axis, and least in directions at mght angles to1t He also 
found that pomts which lay intermediate between the main 
and the transverse axes were most indented by the blows 
This goes to show that, although there may be fewest 
molecules arranged along the hnes of the transverse axes, 
yet cohesion operates with greater intensity along these 
than 1n intermediate directions 

When the tenacity of a mimetal 1s overcome by an over 
whelming amount of traction, or its elasticity by a sudden 
shock, its parts are separated, either in flat and continuous 
surfaces, or in surfaces which are irregular in the eatreme 
The first of these modes 1s termed cleavage, the second 
fracture In those substances in which cleavage exists 1t 
1s found that the planes or directions along which it takes 
place le in certain strictly definite positions to one another 
and to the axes of the crystal They show not the smallest 
tendency to a transition or gradual passage into the other 
directions of greater coherence 


4 Cleavage—The number of these parallel cleavage Cleavage, 


planes 1s altogether indefinite, so that the only limit that 
can be assigned to the divisihility of some minerals, as 
gypsum and mica, arises from the coarseness of our instru 
ments These minima of coherence, or cleavage planes, are 
always parallel to some face of the crystal, and similar 
equal minima occur parallel to every other face of the same 
form Hence they are alvays equal in number to the faces 
of the form, and the figures produced by cleavage agree 
in every pont with true crystals, except that they are 
artificial They are thus most simply and conveniently 
described by the same terms and signs as the faces of 
crystals 


Some minerals cleave in several duections parallel to the faces of 
different forms, but the cleavage 1s generally more easily obtained 
and more perfect in one direction than in the others This com- 
plex cleavage 1s well seen in calc spar and fluor spar, and very 
remarkably 1n zinc blende, where 1t takes place 1n no less than six 
directions As in each of these the division may be indcfinitely 
continued, 1 18 clear that no lamellar structue in any proper sense 
can be assigned to the mineral All that can be offirmed 1s that 
contiguous atoms have less coherence along ° direction normal to 
these planes than 1n other directions When cleavage takes place in 
three directions, 1t of course produces a pcrfcct crystal form, from 
which the system of erystullization and angul ir dimensions of the 
species may be determined, it 1s thus often of very great im- 
portance 

The common cleavage in the different systems 1s as follows, those of 
most frequent occurrence being in italics —(1) In the cubic system, 
Odahedral, O, uote the faces of the octahedron , Herahedral, 
oQoo, along those of the cube , and Dodecahed:al, oO (2) In the 
tetragonal system, Pyramidal, P, or 2Pa , Prismatic, oP, 01 Pos 
or Basal, OP (3) In the hexagonal system with holohcdial forms, 
Pyramidal, P, or P2, Prismatic, oP, or »Poo , or Basal,OP, with 
rhombohedral forms, Rhombohedral R, Prismatic oR or Basal, 
OR (4) In the nght prismatic system, Pyramidal, P, Prismatte, 


oP, Macrodomatic or Brachydomatic, Po or Po , Basal, OP, 
Macrodiagonal, @Poo , or Brachydiagonal, wPo (5) In the 
oblique prismatic system, Hemipyramidal,P, or-P , Prismatic, oP, 
Clinodomatic, Peco , Hemidomatic, P°a or—P%a , Basal, OP, 
Orthodiagonal, Ps or Chinodiagonal, Po (8) In the 


Taste, 


Odour, 
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anorthic 8} stem, Hemiprismatic, oP’, or oP , Hemidomatic either 
along the macrodome or the brachydome Basal, OP, M acrodiagonal, 


Po, or Brachydiagonal, who 


In some mmerals, as mica and gypsum, the cleavage 1s 
readily procured , these may be held in the hand and 
divided by a kmfe Others only cleave with more or less 
difficulty , these must be placed on a firm support resting 
on lead, folded paper, or cloth, and a sharp blow struck on 
a chisel apphed in a proper direction This may often be 
ascertamed by examining the specimen im a strong light 
Sometimes it 1s necessary to subject them to extreme com 
pression ina vice Some of the hardest substances have 
not only a perfect but a facile cleavage,—as euclase, topaz, 
and diamond, many of the softest species have none The 
planes produced also vary much in their degree of perfection, 
being highly perfect in some, as mica and cale spar, and 
imperfect in others, as garnet and quartz Ina very few 
crystalline minerals cleavage planes can hardly be said to 
exist Cleavage must be carefully distinguished from the 
planes of union in twin crystals, and the division planes of 
laminar winerals 


5 Fracture —This 1s the uregular manner in which 
substances may be broken ven minerals possessed of 
cleavage may be fractured m other directions, but im 
amorphous bodies fracture alone occurs The following 
varieties of fracture occur, and are highly characteristic — 

1 Conchordal almost typical of amorphous bodies, but occas 
slonally seen im crystals —rounded cavities more or lessdeep The 
name 18 taken from the resemblance to the successive lines of 
interrupted growth in a bivalve shell Seen im flint obsidian, 
asphalt In calcite the direction of this fracture 1» intermediate to 
the planes of the minetal s cleavage 

2 Even when the surface of fracture 1s smooth and free from 
nequalitics 

3 Rough when the surface of fracture 1s rugged, with numerous 
small elevations and depressions 

4 Splintery, when covered with small wedge shapcd splinters 

5 Hachly when the elevations are sharp, slightly bent, or 
aged as broken 10n 

6 Harthy when it shows only fne dust 

Faste, Odour, Touch 

Taste belongs only to soluble mmerals 
kiads adopted for reference are as follows — 
Astringent the taste of blue vitnol 
Sweetish astrungent taste of alum 
Saline taste of common salt 
Alkalvne, taste of soda 
Cooling taste of saltpetre 
Bitier, taste of epsom salts 
Sour, taste of sulphuric acid 
Pungent, taste of sal ammoniac 
Metall, taste of zinc sulphate 

Odour —Exceyting a few gaseous and soluble species, 
minerals 1n the dry unchanged state do not give off odour 
By friction, moistening with the breath, and the elimina 
tion of some volatile ingredient by heat or acids, odours are 
sometimes obtained which are thus designated — 

1 Alhaceous, the odow of gailic Friction of arsenicil tron 
elicits this olow it may also be obtained tiom any of the arsenical 
ores or sults by means of heat 

2 Horse radish odour the odour of lecaying horse 1adish This 
olour 1s strongly perceived when the ores of selenium are heated 

3 Sulphurows Lniction will ehert this odour from pyrites, and 
hcat from many sulphurets 

4 Bituminous the odou of bitumen 

5 Fetod the odour of sulphuretted hydrogen or rotten eggs It 
18 elicit 1 by friction from some varieties of quartz and limestone 

6 Argillaceous, the odour of moistened clay It 1s obtamed 
from serpentine and some allied minerals after moistemng them 
with the bieath , others 2s pyrargillite, afford 1t when heated 

7 Empyreumatic o1 ozonic Quarts, when tw¢ portions strike 
one another 


Towh —Some minerals are distinguished by a greasy 
feeling as talc, others feel smooth, as celedonite , others 
meagre, like clay, others cold This last character distin 
guishes true gems from their imitations in glass Some, in 
virtue of their hygroscopic nature, adhere to the tongue. 


The different 
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CHEMICAL PROPERTIES OF MIVERALs 


Influence of Chemical Composition on the External 
Characters of Minerals —That the characters of a com 
pound must to a certain extent depend on those of its 
component elements seems, as a general proposition, to 
admit of no doubt Hence it might be supposed possible 
from a knowledge of the composition of a mineral to draw 
conclusions in reference to its form and its other properties , 
but practically this has not yet been effected 


The distinction between the mineralizmg and mineralizable or 
the forming and formed elements lies at the foundation of all such 
inquiries Certain elements im a compound apparently exert more 
than an equal share of influence in determining its physical pro- 
perties Thusthe more important non metallic elements as oxygen, 
sulphur, chlorine, fluorme, are remarkable for the influence they 
exert on the character of the compound The sulphurets for 
example, have more similarity among themselves than the various 
compounds of one and the same metal with the non metallic bodies 
Still more generally it would appear that the electro negative 
element in the compound 1s the most influential or exerts the 
greatest degree of active forming power After the non metalhe 
elements the brittle, eastly fusible metals rank next in power then 
the ductile ignoble metals , then the noble metals , then the brittle, 
difficultly fusible , and, last of all the metals of the earths and 
alkalies 

Generally each chemical substance crystallizes only in one form or 
series of forms Some substances, however, show dimorphism, or 
crystallize in two forms and thus may compose two or mote minerals 
Thus sulphur, which in nature usually crystallizes in the nght 
prismatic system when melted forms oblique prismatic crystals 
Carbon 1n one form 1s the diamond in another graphite carbonate 
of lime appearsas calc spar and as aragonite the bisulphuret of ron 
as pyrite and as marcasite An example of trimorphism occurs 1n 
titanic acid forming the three distinct species vnatase rutile, and 


| brookite It 1s remarkable that of dimorphic minerals one form 18 


almost always night prismatic, thus — 


Phombtc Fo m 
Cyanite anorthic Sihn anite Andalusite 
Cale spar hexagonal Aragon te 
Susannite do Tcadhall te 
Bale: ian Brookite 
Pyrolumte right pri atic Polianite 
Cupiite cubic Chalcotrichite (°) 
Senarmontite cubc Valentin te 
Pynte do Mai casit< 
Rammelsbuig te do Chloanth te 
Argentite do veal unite 
kre cslebemte oblique pismati Diyy horite 
Sulphur do Suly) ur 


Even the temperature at which a substance crystallizes influences 
its forms and so far its composition, as seen in aragonite Glauber 
salt natron, and borax 

Tsomorphism —Still more important w the doctrine of 
isomorphism, designating the fact that two or more simple or 
compound substances crystallize in one and the same form, or 
often m forms which, though not identical, yet approximate 
very Closely This similarity of form 1s generally combined 
witha similanty in other physical and in chemical properties 
Among minerals that crystallize a the tesseral system, 
isomorphism 1s of course common and perfect, there being 
no diversity in the dimensions of the primary form, but 
for this very reason it is generally of less interest It 18 of 
more importance among crystals of the other systems, the 
various series of which are separated from each other by 
differences in the proportions of the primary form In 
these perfect identity 1» seldom observed, but only very 
great similarity 

The more important isomorphic substances are either simple sub- 
stances, as (1) fluorine and chlorine (2) sulphur and selenium, (8) 
arsenic, antimony , (4) cobalt, iron, michel, (5) copper, silver, 
mercury, gold (?), or combinations with oxygen as (6) hime, 
magnesia, and the protoxidcs of iron, manganese, 7inc (7 sesquis 
oxides, as of iron, manganese, chromium and alumina (8) 
phosphonic acid, vanadx acid, arsemic avid (9) sulphur selene, 
chromic seids, or combinations with sulphur, as (10) sulphuret of 
iron and of zinc, (11) sulphuret of antimony and of arseni. (12) sul- 
phuret of lead, of copper, and of silver These subst inces are named 
vicarious from the singular property that m chemieil compounds 
they can mutually replace erch other m dehmite proportions, and 
very often without producing any important « hange m the form or 
other ge properties But there ate numerous instances among 
the silicates where the mutual replacement of the rsomorphie 
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bowies, especially when the oxidcs of the heavy metals come in the 
room of the earths ind dhalus exerts 4 most essentiil influence on 
the external aspect of the speci s particularly in regud to colour, 
specific gravity, md trans ny The varieties of hornblendc, 
augitc, gunct «pidote mi miny otha mmmerils are remarkable 
proofs of this influcnce I hns intermrsture of isomorphic clements 
confers miny Valuat le z1p tts on minerals, and to 1t this depart 
ment of nitur owes inuch of its vanety ind beauty Without the 
oecasion il pr 4 n cof the colouring substances, especially the oxides 
of iron inl minganese the non metallic combinations would have 
exlulitcd uvcry monotonous asyect It 1s also remarkable that in 
scme siltcatcs the substitution of + certam portion of the metallic 
oxides for the cathy bases seems to be almost a 1egular occuirence, 
whilst m others, as the felspars and zeolites this rarely happens 
'Lhis fact 1s also of greit economic interest as drawing attention to 
important clments often combined with others of less value Thus 
rron ode and chrome oud , sulphuret of copper and sulphuret of 
silver, michel ind cobalt, may be looked for in connexion The 
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neral chemical formule for such compounds1 formed by wnting 
Baril or basis) for the whole isomorphic clemcnts, and in 
special instances their signs are placed one below the othei, con 
nected by 3 bracket, or, 28 1s more convenlent, are enclosed in 
brackets one after the other separated by a comma Thus the gene- 


1al sign for the garnet 1s Rs S1,+ 261, which, when fully expres *1, 


becomes (C5, Fe,, Mg,, Mu;) Sig +(Al, Fe, €r)Si, and this mineral 
forms many varieties as the one or other element prepouderates 

Of the torms special to simtlat gioups of atoms the more notable 
are—the cubic system, speciil to metals proper, and binary 
compounds 1s protoxides and haloid salts, the tetragonal to 
binovides, the rhombohedral to caibonates, the hexagonal to 
sesquioxides and phosphates and their 1somorphs, the prismatic 
to sulphates and their isomorphs 

The isomorphism of minerals goes as « whole to show that form 
depends on the number of molecules present, and 1s comparatively 
little influenced by the nature of the molecules themselves 


DESCRIPTION OF MINERAL SPECIES 


The arrangement adopted in the followmg description 
of mineral species 1s chemical Simple substances are 
considered first, m the order of their quantivalence, then 
binary compounds, and lastly those of more complex 
structure Qur limits permit of the briefest notice of 
the less :mportant, in order that more space may be avail 
able for the delineation of the characteristic and transition 
forms of such as go to constitute the more important rock 
Masses 

The following abbreviations are used —H, hardness , 
G, specific gravity (distilled water at 60° Fahr and 
barometer 30 inches=1), cl, cleavage, sol, soluble, 
s (h ot nj acid, sulphuric [hydrochloric or mtric] acid , 
BB, before blowpipe , 01, oxidizing, red, reducing, cc, 
chemical composition , com, combination 

In the chemical formule, barred letters express two 
equivalents, and the dots over the symbols indicate the 
combination with them of as many equivalents of oxygen 
as there are dots 

In the symbolic notation the several faces of crystals 
are separated by semicolons, and the constituent members 
of combinations by commas The lettering on the faces of 
the figures 1s for the most part that adopted by Miller 
In the enumeration of crystal forms, that which 1s typical 
of the mineral 1s placed first 


SIMPLE SUBSTANCES 
1 SULTHUR, S 


(a) Right pusmatic Py) polar dges 106° 38, 84° 58, middle 


edge 143° 17 oP 101° 58 , OP (c), IP (s), Poo (n) Crystals 
pylamidal, simzle or in druses, also stalactitic, disseminated, 
and pulverulent Cl basi} and w»P H =15 to 
25, G=19 to 21 Tractwe conchoidil or 
sphinterv, buttle sectile Lustre resinous, strech 
and colour sulphur yellow passing into 1cd, trown, 
or green Sublimes in the closed tube Tuses a 
little above the temperature of boiling water 

Takes fire at 518° F , and burns witha pale blue 

flame with odour of suljhurous acid Ge pute 

pa ie occasion uly mused with traces of selenium, ae 

and when amorphous with clay or bitumen Found Fig 257 
chiefly m Tertiary strata Tocalities Gngenti in 8 

Sicily with celestine Conlin Spun, Beam Switzerland Cracow 
in Polant, deposited from hot springs in Solfatara near Naples , 
from hot springs im Iceland from sulphur sprmgs in New York , 


and in cavities of decompouns galeni, cinnabar, and pyrites at 
several localities 


(6) Oblique prusmatic 


a] 


iN 


t \ 


The crystals of volcanic sulphur are of 
this form , they oc win the nei hbourhood both of extinct and ot 
recent voleanoes They ateslendcr needle shaped, and interlacing, 
and have gencrally more or luss ofa red brown ting. Oxhaveer 
end Cape Reyhjanes in Iceland, Si tly and the volcanoes of 
the Pacific, the Chilian Andes, aad Calitornia yield this vancty 


2 SELENSULEHLR, S Se 
Like sulphur, but reddish brown to oringe yllon =BB turns 
1th fumes of selemious act1 mixed with the sulphurous Found 


in the crater of Volcan: in the Lipan Islands, and Kilauea in 
Havau 


3 SELENIUM, Se 


H =2, G=43 Brownish black to lead grey , thin splinters 
translucent and red From Culebras in Mexico 


4 Triivrivs, Te 


Rhombohedral , R 86° 50’ In minute hexagonal prisms, with 
basal edges replaced, usually massive and granular (1 lateral 
perfect, basal imperfect H =2to25,G =61to63 ‘in white, 
sectle Cc  tellurium with a little gold and iron Occurs at 
Tacsebaya neir Zalathna (Tiansylvania), and m several mines m 
uae county, Colorado , masses 25 tb in weight have been obtained 
there 


5 ARSENIC, 4s 


Rhombohedral, R 85° 36’ (fig 258) 
investing masses composed of numberless layers 
fine granulir, iately columnar H =35,G =57to5 93 (C1 basal 
Colour blach and dull, but when fresh broken very 

jendent and silver white, fricture uncven 

Then rubbed or heated gives out @ garlic like 
odour BB volatile, with formation of white fumes 
Ce arsenic, with some antimony, and tires of Fir 268 
iron, silver, and gold Andreasberg in the Harz, ise 
Annaberg, Schneeberg Freiberg, Joachimsthal, Allemont (Dau- 
phinc), Kongsberg (Norway), the Altai, Chit, Pebble nune (Dum- 
tnesshire), Tyndrum (Perthshue) 


6 AxtIvovy, Sb 


Rhombohedral , R 87° 35’, but rately crystallized, generally in 
foliated or sranular masses C] basal H =d G=66to68 Tin- 
hite, with slight yellow tarmsh Bnttle and sectile BB easily 
fusible, volatilizes, and on charcoal leaves a white deposit burning 
with a vale flame Found at Andreasberg, Praibram (Bohemia), 
Sala (Sweden), Allemont, Southham in East Canada, and Lorneo 


7 ATLEMONIITE, SbAsg. 


Hexagonal, spherical, reniform, andinvesting H =35 G =61 

‘62 Lustre, when fresh, metallic Tin white to lead grey, but 
with a blue o: biown tarnish BB strong odour of gailu, with 

aiduum of oxide of antimony Cec antimony v7 85 arsenic 
6215 Almost always in curved foliated laminme (Qccurs at 
Allemont, Prabram, Schladming in Styna, Andie is} ug 

8 Biswuta, Bi 


Rhombohedzal , It 87° 40’ Crystals, R,OR, gencrally distorted , 
also reticulated, spear head twins, or arboresuent , also disseminated 
and granular Cl basal, perfect H=25 G—96to98 Brittle 
and sectile Reddish white, often tarmshcd grey brown, o1 blue, 
BB easily fusible, even in candle flame Vol talizcs on charcoal, 
lcaving @ citron yellow crust Sol im n acid solution pre 
cipitated when thrown into water Occurs in gneiss and clay 
slate in veins and disseminatud, along with ores of col alt, silver, 
lead, and zinc Alva in Stirlingshne, Cumberland, Devonshire 
and Cornwall, Schneeberg, Marenberg, Joachimsthal, Bueber, 
Modum (Norway), Falun (Sweden), Bolivia 

9 TeLiuric Bromutn, Bi,Te, 


Bismuth 52, tellurium 48 Virginia, Dahlonega in Gcorgia, Mons 


tana A variety with 7 per cent of selemum and H =2 ako 
occurs 


10 TrrpapywiTE, Bi,Te,S, 


Rhombohedral, 3R 68° 10. Almost always twins of 3R and 
OR, with the faces of OR at 98° (Cl basal, neriert Sectale and thm 
lamine flexible H=1to2,G=72t0765 Steeleny BB 
fuses, 31 ding a grain of metal which ultimately volatii ts Sol, 


inn aud Ce 596 bismuth, 35 9 tell 
Schemnitz euarium, and 45 sulphur, 


Usually ir botrvoidal Tri-valent 
The structure 1s elements 


Quadn- 
valent 
elements, 
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11 Wearuite, Bi(T¢,8) 


Hexagonal Cl basal H =1to2,@ =8 44 Highlustre Steel- 
Cc bismuth 6115, tellurrum 29 74, sulphur 2 33, silver 


gre 
207 Deutsch Pilsen in Hungary 


12 JosFirE, Bi,Te,(SSe), 


Hexagonal (1 basal G=793 Colour grey black to steel 
y Bnittle Ce tellunum 15 93, sulphur 315, selenum 1 48, 
ismuth 7915 San Jose \Brazl) A Cumberland vanety 
yielded tellunum 6 78, sulphur 6 43, bismuth 84 33, corresponding 
to Bi,(TeS,) 


18 Diamonp, C 


Var 1 Crystallized —Cubic, very frequently hemihedral 
Crystals most generally with curved faces Twins common on the 
o tahedral face, hemitropes also common (see figs 170, 204 20v, 
207) Crystals vary remarkably im appearance (see figs 2u9 to 262) 
C! octahedral H =10,G =8 5t036 Transparent, or translucent 
when of dark colour Refracts ght strongly The back planes of 
diamonds reflect all the hght which strikes them at an angle exceed 
ing 24° 18, and thence comes their pecultar brillancy High 
adamantine lustre Colourless but often tinged white, grey, aud 
brown, —more rarely yellow, pink, blue, green and black, those last 
named being the rarest Disperses light highly and hence emits 
brilhant flashes of all the colours of the spectrum Becomes posi 
tively electnc by fnction BB infusible, but burns into carbonic 





Fig 209 Fig 260 

acid in ovtgen gas When ar 1s excluded 1s unchanged at the 
temper iture of melting cast iron, but st that of melting malleable 
iron 1s change 1 into a black coke, or it 19 said, nto graphite 

Insoluble in all acids and alkalies Cec carbon with traces of 
silica and earths Geologic formation apparentl) a laminated 
flexible quartz rock called itacolumite which occurs in Brazil the 
Urals, Geoigia and North Carolina, in the vicinity of ; laces where 
diamonds have been found Munute crystals have been found in 
xanthophyllite, and in tale slate and serpentine in he Schischim 

skian hills near Zlatoust (Russia) hey have also been obtained 
3u Bra 11 tml edded in a conglomerate composed of much worn 
pebbles of quartz, chalcedony, and gold, cemented by limonite or 





Fig 261 Fig 262 
ferruginous clay; In South Afnca they are imbed ted in a steviitic 
clay Diamonds were formerly obtained in Indie at Panna Raol 
conda and Golconda So few are now obtaimed here that the mines 
are let ful £1.seu From these mines were oltauned not only 
the kohimour which was possibly the same as the zreat diamon 1 
mentioncd by Tavernier as having been ceen 1} him im the pos 
session of the Great Mogul, which weighed 280 carats but the 
Regent of 186 carats (which, not only from its siz but from the 

ifection of its form, 1s very much the finest diamond known), the 

am, an uncut diamond of 340 carats, and the Carlow rose 
cut, 198 carats More lately diamonds were found i gre vt quantity 
in the neighbourhood of Rio Janeiro m Bra7il they occur in two 
different deposits the one called ‘ gurgulho consists of broken 
quirtz covcred by a bed of sand, the other, ‘‘cascalho consists 
of rolled quartz pebbles united by ferruginous clay both test on 
taleose clays which are the debns from talcose rocks The fnst 
deposit affords the finest diamonds, and both contain gold, plati 
num, mognetite and ruble A dodecahedral diamond of 257 
carats was latcl) found at Bogagem im this distuct, this was 
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reduced by cutting to an oblong brillant of 125 carats, and 1s 
the second most valuable diamond,—the hohinoor, now 1educed 
to an imperfectly cucular brilliant of 102 carats, occupying the 
third place The two coloured diamonds most worthy of note 
are a green diamond in the Dresden collection weighing 31 carats, 
which 1s a little deeper in tant than a beryl, and a blue diamond 
in the Hope collection, of 44 carats, as highly coloured as a 
sapphire, which it 1s by some considered to be Diamonds have 
lately been found in very large quantities, and some of great size, 
north of the Cape of Good Hope, these for the most part are of 
yellow colour and of very inferior value Whale a Brazihan cut 
brilhant of one carat 1s worth from £20 to £25, the value of 
the finest brlhants from the Cape 1s only from £3 to £4, and that 
of the yellow diamonds 1s from £2 to £2, 108s Apart from its 
employment as an ornamental stone, the diamond has an intminsic 
value from its being utilized for cutting glass and for grinding and 
polishing other gems Of late years its usefulness has had a new 
application, it Bang employed for the drilling of rocks in tunnelling 
operations and 1n the boring of artesian wells A sin,ular observa- 
tion has resulted from these Jast methods of utihzmg it namely, 
that the hardness of the Afiican diamonds, as tested by the amount 
of their endurance, 1s markedly inferior to that of the Brazlian and 
Indian So much 13 this recognized thet, while the bort, or 
minute crystals, of the latter command a price of 15s per carat, the 
African can be got for about 5s The cleavage of certain of the 
Afncan diamonds 1s so eminent that even the heat of the hand causes 
some of them to fallin pieces Such diamonds, generally octahedra, 
may be recognized by a peculiar water lustre , they are called plate 
diamonds The above facts ,1ve some ground for the supposition 
that there may be a slight difference in their composition, possibly 
that both my contain small, but different, quantities of hydrogen 
The circumstances under which diamonds have been formed are 
altogether unknown ‘The fact of their bein, changed into a kind 
of coke at a very high temperature 1s an algumeut against their 
having been produced through the operrtion of heat, and it has long 
been known that an excess of carbon dissolved by molten cast iron 
crystallizes on cooling in the form of gray hite , yet the only attempts 
to form diamon js dissing of bemg mentioned as having been 
attended with wy meisure of success are those im which sugar 
charcoal was dissolved in molten silver at the temperature only of 
melting steel There were thus obtained a few minute blach and 
also colourless octahedral and cubo octahcdral crystals with curved 
faces, mingled with a much larger amount of graphitoidal carbon 

Var 2 Massive —In tlach pebbles or masses called carbonado, 
sometimes 1000 carats in wei,ht H =10 G =3 012 to 3 42 
Ce erirbon except 27 to207 per cent of ash Found in the 
mines of Buanco &e¢ in Bahia 

Var 3 Anthracitic —Like anthrieite, but scratches the diamond. 
In mammillar masses jrtly in concentne layers, and globular 
Buttle G=166 Ce carbon 97, hydrogen 5, oxyyen 16 
When cut ind polished, 1cfracts and disperses hight, like the diamond 
Supposed from Brazil 


14 GratHirs, C 

Hexagonal in flat crvstals pp 85° 29 Usually foliated, 
scaly, orcompact Cl bial H =0otol G=19to22 Lustre 
metallic Colour and streak black to dark steel grey, flexible in 
thin lamine, very sectile feels 
greasy , leaves a mark on pay er 
of itsown colour, conducts clec 
tnaty BB burns with difh 
culty heated with mitre, de 
flagiates Ce carbon, with 
small quantities of volatile 
matter aud ash from 5 to 40 per 
cent Strathfairer (Inverness shire) Mull Craigman (4dytshire), 
Borrowdale m Cumberland, Ural Mountains, Ceylon, Greenland. 
Used for making pencils 


15 Try, Sn 


Tetragonal in greyish white metallic grains Reported as oceur- 
ring with Siberian gold, with bismuthite from Guanajuato mm 
Meaico 


16 Iron, Fe 





Fig 268 


Cubic, mm grains and plrtes or dissemmated H =45, G = Native 
Steel grey or iron blach ‘Fracture hachly, very metals 


7 to 78 
magnetic BB infusible Sol mh acid Two sanetics 
are to be distingmshed (@) Tellurve Jron, in grains and plates 
Almost as iron or contains graphite, carbon, lead, or coy pr but 
no nichel At Chotzenin Bohemia in limestone man argillaceous 
san istone in the keuper at Mublhausn im Chunnga along with 
fossils , in an ironstone conglomerate in Braz!, aud in lava in 
Auvergne im the mine of Hackenburg at Bexky, m Libena 
Africa along with quutz 4 zeolite, and magnetite, enclosed in 
magnetite in Unst (Shetland) and in Sutherlandshire in basalt in 
Antrim Ireland, in the gold sands of Brizil the Urals and Olah- 
pian (Transylvamia) () Meteortc tron, steel grey to silver white, 
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Almost always cumaus nickel, with cobalt, copper, and several 
mincrals Whech alc non terrestnal When pohshed and etched 
with nitric icid the surface 1; marked by limes of unaffected inter 
lacing crystals culled Widmannstatten s figures , most of the nickel 
18 contuned im these Occurs iu masses which vary in size from 
the smallcst microscopic dust as dredsed from the depths of the 
ocean to uy wards of 82,000 tb Many of these masses have been 
scen to fall Several (suspicted, however, to be terrestrial) have 
becn foun 1 ambeddcd 1m 4 basaltic rock near Disco Bay in Green 
land, onc of which 1s 44,000 Ib in weight Several contain 
hydro,en im thur pores, condensed to the extent of eight times the 
v lume cf the mass and the pitted depressions frequertly observable 
uj »n th u surface give countenance to the view that, if not dis 
eharsed fiom a volcanic throit, they were set at liberty by some 
sudden disrupting gaseous explosion 

17 Zc Zn 

Rhombohedral Said to be found in large a p ids 
Cl basil, perfect H=2, G=7 Lustie metallic Colour and 
streak bluish white ound m a geode in bisalt near Melbourne, 
Australia covted with smithsonite, erythiine, and aragomite Also 
in the gold sinds of the Mittamitta river 


18 Coritr Cu 

Cub (figs 28 30 26, 33, 37, 264) Twins, on an octahedral face 
Crystals ,cner uly distorted Often filiform and arborescent, 01 
plates nd lamms =H =25 to3,G=85 to 89 Lustre dull 
metilli. Colour and streak copper red 
with yellow or browntarnish BB easily 
fusible colourmg the outer flame green 
Sol inn aid = Occurs in many rocks 
(generally igneous) and ficquently asso 
ciated with zeolites In the Faroes, Unst 
(Shetland) Cornwall Chessy near Lyons, 
the Banat (Hungary), Siberia, China, 
Mex1o, Brizil, Chih, and Australia 
Masses of grcat size are found, much the 
largest beng from the Ontanagon rivet, 
on the south of Lake Superior One 
imass found in Hebruary 1857 was 45 feet 
in length, 22 fuet in width, and 8 feet in thickness its weight was 
420 tons Another was found in 1869, 65 feet in length, 82 
width, and from 4 to 7 feet in thickness, this weighed upwards of 
1000 tons, and had a value of 400,000 dollars 


19 Leap, Pb 

Cubic, but only in thin plates capillary or filiform Cl none 
H=15 G-—1136 to 114 Ductilk, malleable, and sectile 
Blush grey, but with a blackish taimish Found in lava in Madeira, 
and it the mines near Cartagena in Spain, in amygdaloid near 
We1ssig mn basaltic tufa at Rautenberg in Moravia , with gold near 
Mount Alatau in the Altai, at Velika in Slavonia, and at Olahpian 
in Transylvania near Ekatermburg im the Urals, in the district 
of Zomelahuacan in Vera Cruz, in foliated galena in granular lime 
stone, in the on and manganese bed of Paisberg in Wermland 
(Sweden) with hematite, magnetite, and hausmannite, 1n white 
quutz north west near the Dog Lake of the Kamunistiquia, an 
affluent of Lake Superior imbedded m hornstone in plates and 
grains, in the mine of Bozoslovsko1 1m the Kirghiz steppes 1n green 
stone porphyry at Stutzerbach in Thuringi: with hematite in the 
islands of Nias on the west coast of Sumatra 


20 Mercury, Hg 


Cubic Occurs in small liquid globules in its gangue but may 
be solidified at — 39°, when it forms octahedral crystals G =13 596 
when a 15 612 when solid Lustre bnihant metallic tin 
white B volatile sometimes leaving a little slver Readily 
sol mn acid Occurs generally in clay shales or schists of dif 
ferent ages The globules of mercury are usually found in rents 
1n clnnabar, or accompanying calomel, at most of the localities for 
these minerals Found at Idria in Carntolaand Almaden in Spain 
At Idiia it is obtained by washing a soft clay slate In Transylvania 
and Giulia springs issuing from the Carpathian sandstone bear 
along globules of mercury At the Pioneer mine in California some 
of tht quartz geodes contain several pounds of mercury At Cividale 
in Lombardy it 1s found in an Eocene marl It has also been 
observed occasionally in drift, and has even been stated to have 
been found in a peat bo, 


21 Sitvir, Ag 

Cubic (figs 26, 30, 83 40,37) Crystals generally small, also and 
most frequently filiform, arborescent and in plates or crusts These 
either project into cavities, coat their surfaces, or rumify im a reticu 
lated manner throughout the mass of the rock Twins of octahedral 
and trapezohedral composition Nocl H =25 to 3,G =101 
toll 1 Lustre metallic Colourand streak silver white, but generally 
tarnished yellow, brown, or black Malleable, ductile, and sectile, 
but less so than gold BB easily fusible Sol mn aca, 
the solution colours the skin black Cc. silver, with varying 
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proper tions of gold, platinum, mercury, copper, antimony, and 
ismuth The auriferous from Norway contains silver 72, gold 28 , 
from quartz reefs in Sutherland, silver 714, gold 280 The 
cupriferous from Courcy near Caen contains 10 per cent of copper 
The antimonial from ohana contains 1 per cent of antimony 

The mercunal from hongsbe:g in Norway has 4 of mercury, found 
chiefly in veins in gneiss clay slate, and hmestone Localities 

Alva and elsewhere in Scotland, Ballycorus in Ireland, and Cornwall 
in England, at Freiberg, Andreasberg, and hongsbeig, along 
with native copper at Lake Superior, in Mexico, in Peru, and in 
the Umited States The finest crystallized silver occurs at Lake 
Superior, and at hongsberg At the last locality the crystals 
are an inch in diameter, and are disposed on large filiform 
brushes Silver occurs in large masses, three of 436, 560, 812 Ib 
have been 1ecorded from Kongsberg A block which smelted 
44,000 Tb was for some years used as a table by Duke Albert on 
his annual visits of inspection to the Schneeberg mine ‘n Saxony 
A Mexican specimen was found of 400 tb, the mines of Huantaya 
in Peru have yielded masses of 444 and 960 1 Britain produces 
annually about 760,000 oz of silver, chiefly, however, from lead 
ores The value of annual produce for the whole world from all 
sources 18 from 8 to 10 millions of pounds sterling 


22 ScHNEIDERITE (Gold Amalgam), AugHg,. 

Tetragonal four sided prisms, easily crumbling, yellowish white 
to white , sometimes in grainsthe swe ofapea Cc gold 41 63, 
mercury 5837 Found at Mamposa in California A variety 
(Au, Ag), Hg, 1s found along with platinum im Columbia, this 
contains gold 38 39, silver 6, mercury 57 40. 


23 ARQUERITE, Ag,Heg 

Cubic In octahedra, also in grains and dendrites G =108 
Like native silver, but softer Cc silver86 5, meicury135 Fiom 
Arqueros in Coquimbo, Chih Kongsbergte, Ag,gHg, occurs at 
hongsberg, with 95 1 of silver and 4 9 of mercury 


24 AvwaLcam, Ag Hg,, and AgHgs 

Cubic (fig 38, im combination with 40, 30, 41, 3%) Cl dodeca- 
hedral H =8to30 G=105tol4 Colour and stieik silver 
white Fracture conchoidu, brittle giates when cut In closed 
tube yields meicury and leaves silver Sol inn acid The first 
vanety (silver 348 mercury 652) occurs at Moschellandsberg 
in the Palatinate, where the veins of mercury and silver intersect 
one another, tne second (silver 26 25, mercury 73 75) there, 
and also at Allemont in Dauphine, Almaden in Spain in 
Hungary, and in Sweden From Rosilla m Atacama (Chili) 
Domeyko reports the followmg other compounds Ag,Hg,, silver 
46 8, mercury 58 2, white and silvery, AgHg, silver 55 1 mercury 
44 9, granular and dull, Ag,Hgs, silver 64 2, mercury 3 8, of the 
last there 1s a mass weighing 22 tb in the museum of Santiago 


25 Gop, Au 

Cubic (figs 30, 26, 33, 40, 36) and more complex forms Crystals 
generally small and indistinct through elongation, assuming capillary 
and arborescent shapes Alsoin thin plates Twinsrare twin face 
octahedral Frequently in rounded and apparently colloidal masses 
impacted in clay, or loose 1p smal! grains (pipettes) rolling in the 
bed of streams Fig 265 18 of such a mass found in Sutherland 
Nocl H=25to 8, G@ =17t0194 Lustre metallic but fre 
quently dull and partly 
coated with a brown ciust 
Colour and streak yellow 
ish white to bnght gold 
yellow Malleable, ductile, 
and sectile, the purer 
varieties the more so and 
the softer BB easily 
fusible Sol 1n aqua regia, 
generally with precipitation 
of chloride of silver Solu 
tion yellow, stains skin 
purple red, with corrosion 
Cec gold, with silver from 72 to 26 per cent , sometimes zon and 
copper under 1 per cent Found in beds and veins genetally of 
quartz in metamorphic rocks of a schistose nature, rucly im diorite 
and porphyry, and very rarely in gramte Its general associate 
15 hmonite, formed from decomposition of pyrite , sometimes ala 
hematite and magnetite Occurs also in microscopic grams m 
uartz, from which it 1s extracted by crushing and amalgamation 
he geologic range 1s from the Azoic to the Tertiary and Cretaceous, 
asin California , but even in these more recent rochs the original 
source must have been at least Paleozoic Of localities which yield 
old the following may be noticed —the Leadhills in Scotland, 
icklow in Ireland, Dolgelly m North Wales, Cornwall in 
England , Transylvania, nngary, and Piedmont, the Urals, 
Ekaterinburg, and India , Kordofan, the coast opposite Madagas- 
car, and the Gold Coast (the fame of which has oe recently re 
viyed), Minas Geraes in Brazil, Bolivin. North Carolina, and 
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California , and more recently New South Wales and Queensland 
in Australia, Tasmania, and New Zealand 

Some of the largest single masses of gold found in recent times are 
the following —one of 22 0z in Transylvamia, of 28 tb in North 
Carolina, of 20 tb in California, one of 96 Ib troy near Miask in the 
Drals, and one of 184 fb 8 oz, which yielded £8876, 10s 6d, at 
Ballarat, Australia 

The annual produce of gold from Australia 1s about 5 millions of 
pounds sterling, of the United States about 15 millions, and the 
whole earth about 23 millions 


The following sub species may be noticed — 

1 Electrum This name for the alloys of gold and silver 
was apphed by Phny, whenever the proportion of the latter 
metal was one fifth An alloy of 2 gold and 1] silver contains 21 per 
cent of silver thisis foundin Sutherland One of 1 to 1 contains 
86 per cent of silver, this last being the most usual proportion 
It occurs in Transylvania, in the Altai, and in Colombia Its 
colour 1s brass yellow to yellowish white G =125 to 155 

2 Porpezte, or Palladium Gold (euro poudre), from Porpez in 
Brazil, contains 9 85 per cent of palladium and 4 17 of silver 

3 Rhodwm Gold, fiom Mexico (G =15 5 to 16 8), eontains from 
34 to 43 per cent of rhodium 


96 PLATINUM Pt 


Cubic, rarely in small cubes or octahedrons, usually in minute 
scaly grains sometimes cohering, and alsoin rounded lumps No cl 
H =4to45,G =17to19 Lustre metallic Colourand streak pale 
steel grey Malleable and ductile with difficulty, hiving a hackly 
fracture When containing much iron, magnetipolar BB in 
fusible Sol im aqua regia, but only when heated , solution red , 
corrodes the skin Cc_ platinum, but never to a greater extent 
than 86 5percent The remainder consists of iron, iridium rhodium, 
palladium, osmium, gold, copper, and a mechanical mixture of imd 
osmine Theron exists in quantities varying from 4 3 per cent to 
double that amount Occurs in Brazil in syenite, near Popayan 
(Colombia) 1m alluvium, associated with chromite, ir dium palla 
dium, gold, and copper, in the Urals in alluvium derived ‘rom 
crystalline rocks, and at Niyn1 Tagilsk in serpentine along with 
chromite It 1s also found in Borneo, California, and Carolina and 
1s said to have been found im the county of Wicklow in Ireland 
The sands of many rivers yield 1t in small amount Platinum does 
not occur in large messes A mass in the Madrid Museum from 
Condoto weighs 264 oz , masses have been found in the Urals from 
11 to 21 fb 

Iron Platina 1s a subspecies This, which has a composition 
FePt,, and contains from 11 to 13 per cent of iron, 1s found at 
Nyni Tagilsk G=146t0158 H =6 Its magnetipolar and 
attracts 110n much more strongly than an ordinary magnet 


27 PLATINIDIDIUM 


In minute silve: white grains H =6to7, G =16 94 to 228 
Contains 55 44 platinum, 27 79 indium, 6 86 rhodium, 4 14 iron, 
3 3 copper, 49 palladium Is found m Bhazil 

28 Iniprvum, Ir 

Cubic (fig 27) H =6to07, G =21 57 t02346 Cl cubic, traces 
Very slightly malleable Silver white to steel grey un 
changed Insoluble in all aads Cc 768 indium 19 64 
platinum, 0 89 palladium, 178 copper Founl at Nym’ 
generally in minute grains Is the heaviest known sul stance 

Avante, sub species Hrom Ava in India Ce 60 indium, 
20 platinum (according to Prinsep) 

29 Paxtapium, Pd 

Cubic , in minute octahedrons, andiu grams H =45to5,G = 
113to118 Malleable Lightsteel mey BB infusible Slowly 
dissolves in n acid, forming a brown red solution Cc palla 
dium, with a little platmum and indium Fhiom the gold sands 
of Brazil, often in small plumose crystalline lumps Also from St 
Domingo, andthe Urals Does not tarmsh with sulphurous fumes 


80 ALLOPALLADIUM, Pd, 
Hexagonal , in small flat hexagons 


bnght silvery Colour pale steel grey 
Harz, with gold 


31 NEWJANSKITE (Osmuidium), IrOs (1mdium 49 78, osmium 
50 22) and Ir,Os 


Hexagonal, P 124° OP, P, oF Generally in flat scales 


Cl basal, perfect Lustre 
From ‘lilkerode in the 


Cl basal perfect H =7, G =188 to 1947 Lustre metallic 
Colour tin white BB unchanged Insoluble _ 
m all acids The analyses of this mineral give 

quantities of indium varying from 44 to 77 per 

cent , and of osmium from 21to49 Ruthenium, 

rhodium, and platinum make up the 100 parts Fiz 266 
The largest quantity of 1uthenium 1s 8 49, and 6 

one variety from New Granada was found to contain no ruthenium, 
but 12 3 of rhodium, which 1s more than double its usual amount 
Occurs -vith platinum in Choco (Colombia), at Newyjansk and 
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several localities in the Urals, in Australia, in northern Califorma 
(somewhat abundantly in gold sands), also in Canada 


32 SisskRSKITE (Jridosmvum) IrOs, (uridium 19 9, osmium 80 1) 
and IrOs, (indium 24 8, osmium 76 2) 

Rhombohedral, R=84°28 H =75, G =2112 Colourlead 
grey to blush BB becomes black, with strong odour of osmic 
acid , in flame of spirit lamp shines strongly, and colours flame 
yellowish red Occws in small quantity with newjanskite at afl 
1ts localities, and in proportionally larger quantity at Sissersk in the 
Urals It 1s used for pointing gold pens, and mm the United States 
sells at 50 dollars an ounce 


COMPOUNDS OF FLUORINE CHLORINE BROMINE, 
AND IODINE (HALOID SALTS) 


83 Fivorits (Fluor spar), CaF 

Cubic (figs 267 to 270, also figs 31, 33, 36, 55, 56 57 v8) also 
divergent crystalline, granular, and compact (1 octahedral 
fracture conchoidal, brittle H =4, G =81to32 Transparent 
to pellucid Lustre vitreous Colourless, but generallv coloured 
purple, blue, green, yellow, white, black and pink Sometimes 
two or three colours disposed in layers in one crystal Frequently 





Fig 269 


Fig 270 


phosphoresces with different tints of hght, when heated BB de- 
crepitates and fuses toan opaque bead Sol ins acid with evolution 
of hydiofluonc acid Cec 513 calcium, 487 fluoime Common 
1n veins, generally assovlated with metallic ores Shetland, Suther 

land, on the Avon, and Ballate: m Scotland Cumberland, 
Northumberland, Derbyshire and Cornwall Saxony, Bohemia, 
Freiberg Used to be turned intovases and other ornaments ( tlue 
J ‘ie ”) , formerly employed as a flux, now for etching ind obscunng 
glass 

34 YTTROCERITE 


In crystalline crusts H =4to5,G=84to35 Transluccnt, 
vitreous Violet blue to grey o1 white BB infusibk Evolves 
fluorine when heated with sulphuricacid Cc fluomdes of cenum, 
nib and calcrum inbo and Broddbo near Falun \sweden), 

assachusetts and New koth 


85 FLuoceriTE, CeF +Ce,F, 


Hexagonal H =4to5, G =—47 Opaque or translucent on the 
Anan Dala henley wid nw ce allanwenh  ndennl 2 0A Lae nn 
and Broddbo 


36 FLUOCERINE, Ce,F,+(Ce,0,+ H,0) 

Massive fracture conchoidal H =45 to5 Opaque resinors 
Bnght yellow to reddish brown, streak brownish vellow BB 
infusible, darkens with the heat, colour restored on oclinz Cc 
cermum 17 6, fluorine 10 9, sesquioxide of cermum 6b 4 water 0 1 
From Finbo 


37 BastTnaksitTh, Ce,F,+Ce,0,+4H,0, and 


38 HamarrITE, 2(La0, CeO0)8CO,+Cek, are similiar The first is 
from Bastnaes in Sweden, the second from bike s leak in Colorado 


384 MINERALOGY 


89 Fruicure Als, H =2, G@=21 to 22 Transparent to translucent, vitreous 
Right prsmatic In acute rhombic octahedrons with truncated Colourless or white, but often coloured red yellow, or blue. 
Apex Pol uc l.es 109 6 and 82°12, middle 144° H=—8 Lustie ‘ast saline BB fuses and partly evaporates, colours flame 
vitreous Colour white transpaunt Stennagwynin Cornwall Yellow Cc sodium 393, chlor 607 In great beds at 
aN} + ALF Wieliuzka, Salzburg, Bex, &c, on the Continent, Cheshire in 
Set ase en These England As an efflorescence in Brazil, Abyssinia, the Caspian and 
Anathi but mestly im cleay Aral Seas As a sublimation among lavas at Vesuvius and other 
alle muss M7 91°57 PT 


volcanoes 
go 2 1 M 30° 40 Cl P 


vect Wo anil J imperfect, 52 Saumiac, NH,Cl 
pitt =2y G=29t08 08 Cubic (figs 30, 40, and 41 with 26, 33, 40) Cl octahedral , also 


Vitrecus somewhat yeatly on P stalactitic, globular, and as an efflorescence H =15to2,G 15 
Trinslu ent after immersion in | to 16 Pellucid, vitreous Colourless, but sometimes stained 
wat 1 trausparnt Colomless and Taste pungent BB directly volatile, mm copper colours flame 
snow whit Tut when deep seated blue green Cc 32 ammonia, 664 chlorine A sublimate on 
brown to bluk Melts even in active volcanoes Vesuvius, island of Volcano, Iceland Near 
flune of candle to a white enamel coal seams which have taken fire, m Scotland and at Newcastle 


In open tube traces of hydrofluoric 58 CxHtoro Catcrre, CaCl+(KCl, NaCl) 


aid Sol ins aad Cec alum Cubic V bomb, 
nium 13 sodium 32 8, fluorine 54 2 Fig 271 ubic esuvian bombs 


Arksuth rl Grcnland Mhaash, 54 CnrareynitE, AgCl 

biberta. Ls 1 for manufacture of a white glass, and extraction of Cubic (fig 26) Twins on octahedral face No cl , chietly 

aluminium massive in crusts H =1to15,G=55to56 Fracture con- 
41 AtnkstTiTr (CaNa),F+ALF, Ca Na=1 8 choidal Malleable Translucent, adamantine to resinous Grey, 
Massive giinular H =25 G =303t0818 Cl onedistinct yellowish, and greemsh BB fuses easily to a dark bead, reduced 

Viticouy white tiarslucent Cc alummuum 18 6, sodium 233, 2 mner flame Soluble m ammonia Cc _ silver 75, chlorine 

caluium 6 8% fluorine 513 Arksuthord 25 Johann Georgenstadt, Mexico, Peru 


42 Cut ru 38NaP+2AL¥Fs 55 Empouir, 2AgBr+3AgCl 

Pyramilil ind twins (fig 272) Cubic (fig 29), also massive or concretionary H =1to1 5; 
Middk «1, 111°14 Mostly granu G-~=58 Adamantine to resinous (:1een and yellowish green. 
lar Cl unjerfat H=4 G =2 84 Cu silver 67, chloiime 18, bromine 20 Chili, Mexicu, Honduras 


t:29 RK sinous white 1 uses mote 56 Bromits, AgBr 
easily than cryolite evolves hydr Cubic (figs 26,30) H =1to2,G =5 8t06 Splendent Yellow 








mae aid 4 a eur eee 6 to olive green, streak sishin green BB fusible easily Ce 
i on os ae Hore muey. Fig 272 (species 42) silver 57 5, bromine 425 San Onofte and Plateros (Mexico) 
57 Iopire, Agl 
43 CHODNEFFITE, 2NaF+ AL. ; 
G =3 Other characters like sliblite and from same locaht Hexagonal (C1 basal, also massive, and in crystalline plates 
’ y some inches in width, these are flexible H =-lto15, G = 


44 PacHNoLiTE, 3(CiNa)F+Al,.,;+2H,O Ca Na=3 2 55to57 ‘Lranslucent adamantine Citron and sulphur yellow, 


Oblique prismatic oP 98°34 always twins Vitreous white, streak jellon BB fustble, colours the flame purple red, and 
semittans} uent Cc iummmm 122 calcm 161, sodium 124, leaves button of silver Cc silver 46 iodine 54 Zacatecas in 


fluorme 411 witer 81 volves water with crackling, when Mexico, Algodonesgy Chili, Anzona, rarely m Spain 

heated other characters like cry olite, along with which it occurs in 58 CoccrniTE, Hel, 

Greenland In grains of an adimantine lustre from Casas Viejas in Mexico 
45 THOMSENOLIFE, 2(CaNa)F+ALF,+2H,O Ca Na=7 3 Colour red to yellow , in acuterhombic prisms Also fiom Zimapan 
Oblique }rismati ‘Prismatic ylancs stmated, @P 89° (hg 273) and Culebras 

Cl basal jerfeyt H =25to4 G =274to276 Vitreous cleay 59 TocorNacuiTE, Ag] + Hg] 


age faceyeul) White with yellow crust translu Amorphous, yellow, soft Chanareillo mm Chih 
cent ¢ aluminium 15, calcium lu 4 sodium ; : 
60 CoTUnnITE, PbCl 


76 fluorine 52 2,water98 BB fuses more easily 
Right pnsmatic H =2, G@=5 238 Trancparent, high ada- 


than civolit toclear glass deciepitating violently 
Along with crvoli ¢ in Greenlan mantine to pearly White Cc _ lead 74, chlorine 26 Crater of 
Vesuvius 


46 GEAIKSUITIE Ca,F+ALF,+4H O 
61 Motysriz, FeCl, 


Earthy H—-—2 White dull opaque Ce i 
aluminium 15 calaum 19 3 sodium 2 5, fluorme Incrusting Brownish red and yellow On lavas of Vesuviu.. 
Cc iron 34 5, chlorine 65 o 


412 watur Uo Along with cryolite 

47 kyvictonirh 2uak + Al Fg +2H,0 62 CaRNALLITE, hC]+2M Cl +12H,0 

Crystalline soft bnttle lke kaolin Ce ¥ Right prismatic Noel Conchoidal fracture H =2 to 25, 
calulum 2239 alummium 1623 sodium 48, ". G=16 Colourless, generally red fiomnon Cc 342 chlonde 
fluorine 5v .4 water 571 Arksuthord, Green Fig 273 (sp 45) of magnesium, 26 9 chloride of potassium, 38 9 water Stassfurt, , 





land Galicia, Persia 

48 Pposoritr 63 TacHuippiTE, CaCl +2MgC1+12H,0 

Obliyuc prsmatic A hydiated silico fluonde Massive Ycllow, translucent, very deliquescent In anhydrite. 
of aluuumium anil cakium H =4 G =2 89 Ce calcium 7 46, magnesium 9 51, chlorine 40 34, water 42 69. 
Colourless iml Llel crystals From the tin Stassfurt 
mines of Altenl ei, 64 hkiemarsitz, KC1+NH,C1+Fe,Cl,+3H,0 

49 CaLower H, (1 Cubic, mn octahedra Rubyred Soluble Fumaroles of 
oy 11 » 60 (fig 274) H =1to2, Vesuvius 

— F 

64t 6F TD ausluccnt, adamantme Yel 65 ErirHRosipERITE, 2hCl+Fe,Cl,+2H,0 


lowishwhitet .1  Sublimes unchanged in closed 
tube with sodayiiismercury Insol inn acd Right pusmatic Vesuvian lava 


Ps ace : & chlorine 15  Moschell mds! ers 66 Ma1LocxiTF, PbC1+ PbO 
nit, Almadin Pyramidal, P 136° 17  Crystale tabular Cl basal, fracture 
50 Sx1vi11 KCl conchoidal H=25, G=721 Translucent, adamantine 


Cube (figs 26 30) also massive (C1 cubic Yellowish white BB fuses easily with deciepitation , colours 
H =2, G=19 to 2. White or colourless f flame blue Cc _ chloride of lead 555, oxide of lead 445 
Vitreous soluble taste hhe common salt £8 274 (sp 49) Cromford in Derbyshue 
Cc potassium 525, chlomne 475 1} B fuses and colours 
fi let Crater of ¥ Laie 67 MENDIPITE, PbCl+2PbO 
ee pen ee nae ee oe oeelurt Right prismatic, chiefly massive Cl oP perfect 102°86 H =265 


51 Haxire (Common Salt, Rock salt) NaCh to3,G=7 to71 Frecturc conchoidal Translucent, adaman- 
Cubic (f, 21), gencrally granular, sometimes fibrous (Cl cubic timeto pearly Yellowish or greyish white BE decrepitates, fusem 
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sally Sol mn acid, Ce * chloride of lev! 40, protoxide of 
lead 60 Mendip Hills, and Brilon m Westph wa 


68 ScHwartTzemBrraltr, PbI+2Ph0. 


Rhombohedral, in thin crusts H ~2to 25, G =57to638 
Adamantine Honey yellow. Desert of Ata 
cama 


69 A1acamiTE, CuCl +8Cu0,H,O 
Right prismatic , @P (Mf) 112° 25, Poo (P) 


106° 10, oP 20 (Ak) (fig 275) also remiform 
Cl. h perfect. Semuitransjarent, vitreous 
Tmeiald green, streak applr 
green BB fuses leaving cop 

r Easily soluble in acids 
be copper protoxide 55 85, 
copper 14 86, chlorine 16 61, 
water 1268 Atacama, Chil, 
Tuapaca Peru, Bolivia, Buna 
Burra, Australia, Serra de 
Bembe, Ainbriz Africa , Vesu- 
vius and (?) Etna 


70 TauuineiTe, CuCl, H,O+4Cu0, H,0 


Fig 275 (sp 69) 


In crusts H=3 G=85 Bright blue to 
greenish blue Tiauslucent, brittle Botallack 
un Cornwall 


71 Prrcyiitr, (PbCl+ PbO) + (CuCl + CuO) 

Cubic (com of figs 26, 30, 33, 36) H =—2 
Vitreous Sky blue Sonora in Mexico 

72 CONNFLLITE 

Hexagonal (fig 276) b r148°10 r r 182° 
Vitriol blue A 





Fig 276 (sp 72) 
50 Crystals avicular Vitieous, translucent 


chloride and sulphide of copper Wheal Unity and Wheal Dameel 
(Cornwall) 


OXIDES OF METALS, 


1 SvBO\IDES AND PROTOXIDES 

78 Cuprire, Cu,0. 

Oubic (figs 22, 30, 33, 26, with 89, 40) Compact and granular 
Cl octahedral, brittle H =—35to4, G=57to6 Transparent 
apd opaque, adamantine When transparent, crimson, when 
opaque, cochineal or brick red Often tarnished grey 
becomes black, fuses, and 18 r duced on charcoal Soluble in acids 
and in ammonia Cc 889 copper, 111 oxygen Cornwall, 
Siberia, Banat, Chessy near Lyons Linares in Spain Urals, South 
Afiica, Burra Burra Valuable copper ore Chalcotrichite consists 
of cubes elongated so as to becume fibious Tile ore 1s a ferruzinous 
variety Hepatic copper, liver ore, or pitchy copper ore seems to 
be a product of the decomposition of chalcopymte  Delafossie, 
Cu,O + Fe,0;, from Bohemia and Siberia 


74 Warer, H,0 


Hexagonal, when solid, im complex twins in snow crystals 
rhombohedric by cleavage, 1n 1ce if ~-15,G = 918 Hence 1000 
of water— 1089 5 of ie, or water expands 7th in freezing Trans 
parent, vitreous Colourless, but in bulk pale emerald green R 
117° 28 Cl basal Water when pure colourless, in mass tluish 
te Occurs in centre of geodes of chalcedony in China, of 

uses of quartz in Califorma and many other countries, in 
veolitic cavities to the amount of several gallons in the Faroes, also in 
the Hebrides, &c Water of the ocean, ftom holding saline matters 
in solution, hasG =1 027 to 10285 Waters of saline lakes contain 
sometimes 26 per cent of salts, and have G 1212 Besiles its 
vast bulk in the ocean water occurs in enormous amo mt 1 the solid 
form, otten as water of crystallization in rocks and mimerals ¢9, 
zeolites Igneous rocks in some districts are convirted largely 
into saponite, which contains 25 per cent of water Water 1s the 
stan lard for specific gravities of solids and liquids, 1 cubic inch 
at 60° F and 30 inches of the barometer weighs 252 458 grains 1 
litre weighs 1000 grammes. 


75 PERICLASE, MgO, 

Cubic, 1n cubes and octahedrons Cl do H =6 G =36 to 
875 Transparent, vitreous Greyto dark green B B infusible 
Sol inacids Cc magnesia, with 6 to 8 of ron oxide, Somma 

76 Bunsenite, Ni0 


Oubic, in octahedrons H =65.G=64 Vitreous Pistachio 
green, Johann Georg ustadt 


7%. Zincire, ZnO 


Hexagonal and granular Cl basal H =4to45, G =54 to 
55 Adamantine, translucent Blood or hyacmth red, streak 
orange yellow. BB imfusible, but phosphorescs Cc ane 


385 


ese peroxide 
ew Jersey 


8026 oxygen 1974 sometimes with man 
Valuable o1e of zinc §=- Franklin and Sterling in 


78 Massicot, PbO 


Massive, scaly crystalline, H =2,G=78to8 Sulphur or 
lemon yellow , often contains ron Popocatepet! in Mexico. 


79 MELACONITE, CuO 


Culic compact H =3 to 4,G=6 to 68 Black BB 
infusible soluble in acids, Cornwall, Leadhills, Lake Superior, 
Buna Burra 


80 TeENorITE, CuO 


Oblique prismatic , occurs in thin scales of metallic lustre on lava 
of Vesuvius Colour black and dark red. 


2 SEsQUIOXIDES. 

81 Corunpum, Al,0, 

Hexagonal, R86°4 Twinscommon CL rhombohedral, and 
basil acessively tough, and difficultly frangible H —9,G —3 9 
to42  Irinsparent or translucent , vitreous, but pearly to metallic 
on basal face BB unchanged As Corundun, white, grey, and 
greenish frequently with bronzy lustre on basal face Cc alumina, 
with a little peroxide of iron Chana, Ceylon, Bohemia, Malabar, 
Macon in North Carolina (one crystal 800 Tb weight) Emery % 
compict erystalline granular grey to indigo blue Asia Minor, 
Naxos, Spam, Greenland Amenca Corundum 1s used when crushed 
for cuttin.s and polishing gems mm China and India, emery m powder 
for gundmg Alumma oc 
curs also in a purer state in 
transpaient crystals of vari 
ous tints of colour When 
red and of the colwr of 
}igeons blood they are 
termed Rubies, these come 
from Synam im Pegu Ava 
Ceylon, Bohemia, and near 
Exyailly When 5 carats in 
weight aruly is twice the 
value of a diamond of the 
same size when 10 carats 
three times the value 
When blue the crystal 1s the 
Sapphire, found chiefly in 
Ceylon and ee when 

en it 13 the Orie ital 
Fmerald, when yellow the Hig ait Ea 
Oreental Topaz, when purple the Oriental Amethyst,—the adjective 
here distinguishing them from the true or occidental stones of the 
same name Other tints of colour also occur, but with the excep- 
tion of the red and blue they are seldom pure or deep Lhe prism 
when cut with a hems herical dome soinetimes displays a six 
rayed star either of a bright gold or a silvery white colour upon a 
greyish bluc round These receive the name of Asterva Sapphires 
Ihe same crystal trequently shows portious of even three different 
tints When apnea devoid of colour, they are called Water 
Sapphires such are hittle inferior to the diamond in bnilarcy, 
but do not dis} erse rays of liz it to the same extent 


82 HaMATITE, Fe,0, 

Hexagonal and rhombohedial R 86° Crystals rhombohedne, 
prismatic, and tabular Twins with axes parallel Cl R and basal, 
fracture conchoidal, bnttle H =590 to 65 G=51 to 58 
Opaque but in thin lamine transpaient and tlood red Bri sant 
metallic lustre tron black to steel grey, often brillantly tarnished of 


red, yellow, green, and biue tints, 
GD 
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streak cherry red BB im the inner 
flame becomes blach and magnetic 
Sol in auls Cec iron 70, oxygen 
30 The following are vaneties or 
sub livisions — 

Elba Iron Ore, lighly modified 
thombohedral crystals, often bn 
hantly tarnished Specular Iron Ore, 
in thin flat crystals often from 
volcauoes as on the island of Ascen 
sion , this variety includes Micaceous 
Zron thin lamellar, and curved and 
Red Thon Firth scaly Jud Hema 
tute, in botiyotdal and stalactatic 
forms, which aie imtermally com 

sed of raditing fibres, and often 





Fig 280 


hive a ccnecnti structure, the eternal surface has a dark 


red to a browmish red hue Comsat and Ovkrcy varieties with 
more or less aluminous impunity, pass into R dile or red chalk, and 
when still mre earthy into jaspery and c lunar ons Thus ore 18 
vay commonly distribut d —mx aceous iron at Pith hie im Aberdeen 
and Birnam in Pathshire rd himatite at end at 


XVI, — «9 
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Ulverston in Lancashire , specular iron at Tavistock in Devonshire 

and in Cumberland Afartie seems to be the same substance in 

udomorphs after magnetite it occurs in octahedra in Bute, 
ramont (Vosges) New York, and Brazil 


83 IumrnitF (Fe,T1),03 

Rhombohedral , R 86° Crystals :hombohedral and tabular, also 
imtwins Cl] basal fracture conchoidal H =5to6,G =4 66to5 
Opaque semimetallic, 1ron black 
to dark brown, streak black or 
reddish trown Sometimes slightly 
magnetic BB infusible, but with 
microcosmic salt forms a red glass 
Slowly sol in 8 acid when pow 
dered Cc _ peroxide of iron, with 
fiom 8 to 58 per cent oxule of 
titanium Occurs im metamor 
phic rocks Commonin chloritic 





Fig 281 
gneiss n Scotland , Menaccan (Cornwall), Ilmen Mountains, Salz- 
burg, Egersund (Norway), Arcndal, Dauphine (Crichtonite), Massa- 
chusetts ( Washingtonite) 

84 ISERINE 

Cubic, in octahedra Strongly magnetic, in other respects similar 


to ilmenite, but occurs in igneous rocks Common as black iron 
sand m Scotland , Iserweise in Bohemia, Auvergne, Canada, New 
Zcaland 


8 CoMPOUNDS OF SESQUIOXIDES WITH PROTOXIDES (SPINELS) 


85 MaonetirEe FeO, Fe,0, 

Cubic (figs 85, 30, 83, 29, 84, 87, with 40, 41, 36) Hemi 
tropes common on octahedral face (fig 169) Twins(fig 261) Faces 
of o( striated in long diagonal Often compact and granular Cl 
octahedral, fracture conchoidal or uneven, bnttle H =55to6 5, 
G=49to 52 Opaque, lustre metallic Iron black to brown, 
streak black Highly magnetic, often polar, forming natural 
magnets BB becomes brown and non magnetic, fusmg with 
difficulty Powdersol nh acid Ce _ 81 protoxide and 69 per 
oxide of non, or 72 4 iron, 27 6 oxygen, sometimes with titanic acid 
In crystals in Shetland ani Sutherland, also Cornwall and Antnm, 
Traversella (Piedmont), Tyrol, Styria Massive at Dannemora aud 
Taberg (Sweden), Norway, Urals, Haiz, Saxony, Elba This 18 
the most important o1e in Norway, Sweden, and Russia, and affords 
the finest 110n 

86 Macnesio Fernrire, MgO, Fe,0, 

Cubic (ig 30) H =6 to 65, G~457 to 466 
characters same as magnetite Cc 
87 Fumaroles of Vesuvius 

87 Jacossirr, (MnO, MgO), (Fe,0,, Mn,0,). 

Cubic, O Black, vitreous, streak red Nordmark in Sweden 

88 FrankLivitE, (FeO, ZnO, MnO), (Fe,0;, Mn,0;) 

Cubic (figs 34, 64), also granular 1 octahedral, fracture 
conchoidal, brittle H =55to65,G-=507 Metallic lustre 
Iron black , streak reddish brown Opaque, slightly magnetic 
B B infusible, but shines and throws ont sparks On charcoal with 
soda a deposit of oxide of zinc §=Sol in h acid with evolution of 
chlorine Cc about 67 iron oxide, 17 manganese peroxide, 16 
zinc oxide Franklin and Sterling (New Jersey) 

89 CHRomITE, FeO, Cr,0, 

Cubic, im octahedra, generally granular massive 
G=44to45 Opaque, semimetallic to resinous Iron black to 
dark brown , streak reddish brown Tracture uneven , sometimes 
magnetic BB unchanged, inred flame becomes magnetic, with 
borax forms an emerald green bead Not soluble in acids Cc 
19 to 37 protoxide of ron 0 to 15 magnesia, 36 to 64 peroxide of 
chromium, 9 to 21 alumina Unst (Shetland), Towanneff (Aber 
deenshnie), Silesia, Bohemia, Styna, Urals, Turkey, Baltimore, 
Massachusetts, and Hoboken The ore of chromium , used for 
ilyes Jrvte is chromite mixed with imdosmium 

90 UraninitE (Pitch Blende), UO, U,0, 


Cubic (fig 80), usually massive and botryoidal H =5 to 6 
G=65to8 Lustre pitch hke tosubmetallic Colour velvet black, 
brownish black, and grey BB infusible Not sol im h acid, 
oe ay aie ae c oxides of uranium 80, witha mixture 

er oxides onann Georgensta lt Annaberg, Prab 
rath in Cornwall =‘'Lhe chief are of uranium epee 


91 Gaunitz, Zn0, Al,0, 


Cubie (figs 166, 80, 33, and with 39, 40) Hemitro 
magnetite (Cl O, brittle, with conchoidal fracture Hy res 
8, G=48to49 Opaque, vitrooustoresinous Dark leek green 
to blue, streak grey B unchanged Unaffected by acids or 
alkalies Cc 44 oxde of zinc, 56 alumina Falun, Broddbo 
Haddam m Connecticut, and Franklin in New Jersey Dysluate 
contains 42 per cent sesquioxide of iron, and Krevttonile contains 
24 cxide of manganese 


Other 
magnesia 20, peroxide of iron 


H =55, 


MINERALOGY 


92 Henoynirs, FeO, Al,0, 


Cubic, generally granular massive H -75 to 8, G =3°9 to 
395 BB infusible Cec oxide of iron 411, alumina 58 9 
Ronsberg in the Bohmerwald 


93 SvineL, MgO, Al,0, 
Cubic (figs 80, 83, 40 with 26), hemitropesumited byfaceofO Cl. 
octahedral , fiacture conchoidal H =8, G@=34to41 Trans 
nt to opaque, vitreous Black, red, blue, green, streak white 
BB infusible and unchanged Cc 28 magnesia, 72 alumna, 
some with a little iron, and the red varieties some chromium 
Vanities are—Sprnel Ruby when scarlet, Balas Ruby when rose-red , 
both often sold as the true ruby, but not nearly so valuable , when 
of 4 carats valued at half the price ofa diamond thesamesize These 





Fig 282. Fig 283 


come from Pegu (native name Balachan) The violet coloured 1s the 
Alabandine ruby from Alabandin in Cana, (AsiaMinor§ The orange 
ted isthe Rubella Theabove also occur at Ceylon, / sa, and Siam 

Sapphirine is pale rise blue to greenish or 

reddish blue, trom Aker 1n Sweden, Greenland, 
and North Amenca Pleonaste, dark n or 
blue to black, from Sea in Ce naire 

spinel, grass n with a yellow white 
streak , from erlatoust Water sprnel colour- 
less, from Ceylon Pecotde 1s a dark blue 
chromiferous vanity from serpentine 


94 CuRYsOBERYL, GIO, Al,0; 


Right prismatic (fig 284) Twins common, 
united by a face of Poo (fig 285, also 156) Cl 
brachydiagonal imperfect, macrodiagona] more 
so, fracture conchoidal H =8 5, G =3 68 to 
38 Transparent or translucent, vitreous 
Greenish white, leek green, and dark emerald 
green BB infusible Not affected by acids 
Ce glucina20, alumina 80 Brazil, Ceylon, 
India, the Urals, Haddam in Connecticut A 
very valuable gem It sometimes possesses an 
opalescent band, which when the stone 1s cut 
en cabochon appears as a etreak of floating 
hight , whence it derives its name of Cymo 
phane It 18 then also called the chatoyant or 
Onental chrysolite, and when fine 1s of extreme 
value The emerald green variety, or Alex 
andrite, 1s columbine-red by transmitted hght 





4 Drvroxipzs 


95 Ruriiz, T:0, 

Pyramidal , prisms dominant P84 40’, Poo 65° 85’ (figs 286, 
287) Hemutropes common, with axes of halves 114° 26’ Cl 
co Pand mPo, perfect H =6to65,G—_42to43 Trans- 
parent to opaque, 
adamantine lustre 
Brown red, red, pale 
yellow, and black, 
streak yellowish brown 
BB unchanged, with 
borax mm the ox flame 
forms a greenish, 1n 
the red flame a violet 
glass Not affected by 
acids Ce  titamic 
acid, with some per 
oxide of tron Crag 
cailleach and Beny 
Gloe (Perthshire), The 
Cobbler and Ben-Bheula 





Fig 286 


Fig 287 
(Argyllshire), Alps, Limoges, Norway, Branl Large crystals at 


rcelain 
crystals 


Titanium Mount (Lincoln county, Georgia) Used in 
painting, and for tinting artificial teeth When attenua 
are umbedded in rock crystal they are called Venus’ hair 


MINER 


96 Anatasz, T10,, 

Pyramidal , pyramids dominant P 186° 36 (fig 288) Cl 
basal, and P, both perfect, brittle ; 
H =55 to 6, G =38t03893 Trans 
parent to opaque , lustre adamantine to 
metallic Indigo blue, yellow, brown, 
rarely colourless , streak white BB 
infusible Sol in hot s aad Ce 
titanic acid, with a little iron and rarely 
tin Cornwall and Devonshire, the Alps, 
Dauphiné, Valais, the Urals Minas 
Geraes (Brazil) 

97 Brooxitze T10, 

Right prismatic, with polar edges 185° 
87 and 101° 8 (fig 289) Cl ae 

nal H =55 to6, G =3 86 to 42 

rent to opaque, lustre metallic 





Fig 288 (sp 96) 
adamantine Yellowish, reddish, and hair brown streak yellowish 


white to white BB intusible with 
inicrocosmic salt, a brownish yellow 
glass Cc titanicacid, with1 to 45 
per cent peroxide of 1ron Snowdon 
and Tremadoc (Wales) Chamoun, 
Bourg d Oisans, Miask <Arkansite 18 
iron black and submetallic, in thick 
4 crystals from Arkansas, U S 


98 CassireRITF Sn0, 


Pyramidal P 87° 7, Po 67° 50 
(figs 290 to 292) Crystals oP, P, 
or oP (g) P (s) wPoo(l), or with Poo 
(P) (fig 290) and also oP2(r) and 
8P3 (z), (fig 291) Hemitropes very 
common, combined by a face of Poo with 
the chief axes 112° 10 (figs 293, 171, 172, 173), also fibrous ( Wood 
Tin), or 1n rounded fragments and grains (Stream Tin) Cl pms 
matic along oP, andoPo, imperfect bnttl H =6 to 7, 





Fig 289 (sp 97) 


Fig 290 





G =68 to 7 Translucent or opaque, adamantine or resinous 
White, but usually grey, yellow, red, brown and black streak 
white, hight grey, 01 brown 5B in the forceps infumble on 


fp 


Wy 


Fg 292 


charcoal, 1n the mnner flame, reduced to tin Not affected by acids 
Cc 786 tin and 21 4 oxygen, but often mixed with peroxide of 
iron, or manganese, or tantalic acid Cornwall Bohemia, Saxony 
also Silesia, Haute Vienne m France, Greenland Russa, North 
and South America, Malacca, Banca, and Queensland Almost 
the only ore of tin 


99 HavsMAnNiTE, 2Mn0, MnO, 


Pyramidal P 116° 59, Poo 98° $2 (fig 110) Twins common 
and rosettes of twins (figs 174,175) Cl basal, perfect, leesso Pand 
Po, uneven, H =55,G =47t048 Opaque, metallic 
lustie Iron black, streak brown BB infumble, but becomes 





Fig 293 
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brown Sol inh acid, with evolution of chlorme Powder colours 
s acid red Cc 81 protosde and 69 peroxide of manganese 
Ihlefeld and Ilmenau in the Harz, and Sweden 


100 Braunire, MnO, MnO, 


Tetragonal P108°39 Cl P, brittle H =6t065,G ~47to 
49 Metallic lustre Colour and streak dark brownish black 
Ce 70 manganese and 30 oxygen generally with about 8 percent 
of silica Jhlefeld and St Marcel Marcelin- has violet tarnish 


101 Pyroxusire, MnO, 

Right piusmatic oP93°40 , generally radiating fibrous, or compact 
earthy Cl oP  fnable ~2 to 25, -—=> 
G=47 to 5 Opaque, lustre silky to 
sem) metallic Dark steel grey to black 
streak black Soils BB imfusible, loses 
oxygen and becomes brown Sol inh acid, 
with evolution of chlorine Cc manga 
nese 68, oxygen 87 Arndilly (Banffshire), 
Cornwall and Devon Ilmenau, Ihlefel 
France, Hungary Brazil Used for re 
moving the green iron tint from glass , hence 
its name and that of Savon deverrer Also 
for obtaining oxygen and chlorine Var 
meile 18 a variety with 5 per cent of water, 
rom Warwickshire 


102 CrepneRiTE 3Cu0, 2(Mn0O,Mn0,) 

Oblique H=45 G=§ Metallic 
Thuringia 

103 PLATINERITE, PbO, 


Hexagonal oP120° Cl indistinct, brittle 
metallic Iron black streak brown Cc 
188 Leadhills 


104 Minium 2Pb0, PbO, 


Pulverulent H =2to3,G=46 Dull Colour bright red, 
streak orange yellow BB fuses easly and reduced. Sol inh 
acid Cc_ lead 907, oxygen93 Leadhills, Weardale m York 
shire, Anglesea, Badenweiler, Siberia. 





Tig 294 


Black, streak brown. 


G=94 Opaque, 
lead 86 2, oxygen 


5 Hyprovus OxpEs, 
105 Sassouine, B,O,, H,O 


Anorthic OP obo 75°80 Scaly six sided plates Cl 
isal Flexible and sectile H —1,G=—=14t015 slucent 


pearly white taste bitter, greasy Sol in hot water Cc 
boracic acid 5645 water 4355 Hot springs of Sasso, near 
Siena Tuscany and with sulphur in the crater of Volcano 
Lipari Islands 
106 TurcirTE, 2Fe,0,+H,0 
Massive and fibrous, also earthy H =5to6, G =3 54to4 68 
Lustie satin like, also dull Colour reddish black to bnght red. 
athe surfaces lustrous Lage limonite 
ue © iron uioxide 94 7, water 
53. BB. deciepitates violaatly and yields \ 
witer Kerrera (Hebrides), Bogoslovsk 
(Urals), and many limonite localities, Fre 
quently taken for hmomite 
107 Drasrore Al,0, H,O f 
Right prismatic, oP 129° 47’, usually thin 
fohated Cl brachydiagonal, perfect , brittle 
H =-6,G =38 to 34 Vitreous, pearly on 
cleavage planes a eee ee 
enich, or violet infusible, decrepi 
‘tes Insoluble Cec alumina 85, water Fig 295 (sp 107) 
15 Schemmitz Broddbo, Switzerland, Naxos, Chester, ~~ 
chusetts Fig 295 
108 Gorntrz Fe,0,, H,O 
Right prismatic oP 94° 58, 
also columnar fibrous, or scaly 
Cl biachy diagonal, perfect , brit 
tle H =5t055,G =3 8 to4 4 
Opaque or fine crystals trans 
pirent and hyacinth red, lustre 
adamantine or silky Colour 
ycllow, red, or dark brown streak 
browmeh yellow BB becomes 
a ape difficultly fumble Sol 
py acid Cc _ peroxide of 
iron 90, water 10 Hoy (Orkney), 
Achavarasdale (Caithness), Salis 
bury ae (Edinburgh 
withiel, Clifton, Bristol, 
America. 





Fig 296 


Fig 207 
Be ses 
bram, Siegen, Saxony, Urals, North 
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109 Manoanitz, Mn,0;, H,O 

Right prismatic, sometimes hemihednic, @P(1/)99 40 Crystals 
prismatic (hgs 298 to 300) vertically striated, . 
also columnar or fibrous Hemitropes com ff } 
mon Cl brachydiag mal, perfect, brittle 
H-35 to 4 G 48 to 44 Opaque, 
metallic lustre Steel grey to on blach, 
streak brown BB infusible Sol im warm 
h acid Cc peroxide of manginese 89 9 
water 101 Gurandholm (Aberdeenshire) 
Cork, Upton Pyne (Hxeter) Churchlnll 
(Somerset) Warwickshire, Ihlefuld, Thuringia, 
Norway, sweden, Nova Scott 









King 299 (sp 109) 
110 Limoniiz, 2Fe,0,;+8H,0. 


Fibrous, botryoilal and stalactitic, some 
tims earthy H =45 to55, G =84 to 





c ; 
Fig 300 (sp 109) 


395 Opaque lustresilky, ghmmerng, or dull Brown, yellow 
ish and blackwh biown, often black on surtace, streak ochie 
yellow In closei tube yiells water and becomes red BB in 
inner flame becomes magnetic, fusing toa glass Ce peroxide 
of uon 856, water 144 Sandlodge (Shetland), Hoy (Oikney. 
Clifton, Bristol, Cornwall Harz, Thuringia, Nassau, Styna, Carin- 
thia, Sibena, United Statcs 


111. Xavi HosIDERITE, Fe,0,, 2H,O 

Fibrous, stellate, also asan ochre H =25 Silky or greasy, 
pitch hke or earthy In needles, golden yellow or brown red_ as 
an ochre, yellow, red, or brown, streak ochre yellow BB like 
hmonite Ce_ peroxide of 110n 81 6, water 184 Hoy (Orkne;), 
Achavarasdale, kilbride, Wicklow, I]menau, Goslar, and L.bingerode 
in the Harz 

112 Beavxirr, (3A1,0,, Fe,0,), 2H,O 

Oolitic, concretionary, disseminated , also earthy and clay hike 
G =255 White, grey, ochre yellow, brown, and red Ce 
alumina 50 4 peroxideof iron 261 water 235 From Beaux (or 
Baux) near Arles, and elsewhere in France In grains in compact 
limestone Pure varieties uscd for manufacture of aluminum 


8 Exrasiir, U,0,+2H,0. 

Amory hous masses, 1esinhike H =35 to 45, G =4 to 5 
Reddish biown to black, streak wax yellow t» olive green Ce 
68 5 per cent a bark of uranium 10 of watet, with impurities 
Khas mine (nca: Joachimsthal) 

114 Brucire, MgO,H,O 

Rhomboh¢ iral , R 82°22 , also foliated and botryordal columnar 
Cl basal, pufct sectile, lame flexible H =2 G =23t024 
Translucent, pearly Colourless BB infusible Easilvsolublein 
acids Gc 69 magnesia 81 water Nemalate 1s a fibrous vanety 
with silky lustre Swinaness and Quin Gio in Unst, Beresovsk 
m the Urals, Hoboken, New Jersey, Texas, Pennsylvania 

115 Pyrrocurorre, MnO, H,O 

Fohated H =25 Pearly, white, but changing through bronze 
to black Flesh red by transmitted light in reatiaas bosonics 
verdignis green, finally black, yieldmg water Sol m h acid 
Cc  protoxile of manganese 79 8, water 202 In veins in mag 
hetite at Paisberg in Sweden 

116, Grppsitr (Hydrargillite), Al,Os, 3H,0. 


: eae ee ee ; > 5 einioe 34 S water The crystals are 
rom Zlatoust in the Urals stalactites from Ricl din M 
setts and Villa Rica in Brazil oon 


117 Limnits, Fe,0,, 3H,0 


Massive in stalactites, also asa yellow ochre Like limonite, but 
tchy lustre Cec _ peroxide of iron 73 8 wate: 252 Leadhills 
tallach (Cornwall), Novgorod (Russia) ; 


118 Hyproratcits, AJ,0,, 3H 0+6MgO, H,0+6H,0. 


Hexagonal C1 basal, foliated and somewhat fibrous H =2, 
G =204 White, pearly Greasy to the touch  L[ranslucent 
Qc. * alumina 16 8, magn sia 39 2, water 44 Zlatoust, Urals, 


Snarum Norwa; New York. 


MINERALOGY 


119 PiRoavritt, Fe,0,, 3H.0+6Mg0O, H,O+6H,0. 

Hexagonal, tables and scaly coatings Lustre pearly to sun» 
metallic Colour white to gold yellow Translucent BB m- 
fusible, yields water Sol in h acid Cec_ peroxide of iron 
23 9, magni sia 35 8, water 40 3. HaafGrunay in Shetland, Lang- 
ban in Wermland 

120 Gummiix, U,0,;, 3H,0. 

In rounded lumps, resembling gum H =25to3; G =39 to 
42 Lustregieasy Reddish yellow to vellowish brown Cc 72 
oe cent sesquioxide of uranium water 1475, with impuntes, 

chann-Georgenstads 

121 PsiLoMELANE, (BaO, MnO) Mn0O,+3H,0, Mn0O,+38H,0. 

Massive and botry oidal, fracture conchoidal H =5 5t06,G = 
41to43 Blush black BB infusible About 80 per cent of 
oxide of manganese, with baryta potash, and water Hoy (Orkney), 
Lewlhills, Cornwall, Devon, Schnecberg, Ilmenau, Vermont in 
Krance Wad 1s similar, but sometimes soft and hght. Lead- 
hills, Cornwall, Haiz, Fiance 

122 CHALCOPHANITE, MnOZnO + 2MnO,+2H,0. 

Hexagonal, R R 114° 80 Cl basal H =25, G =8°91 
Metallic lustre Blue black,. “ak brown, dull Opaque, flexible 
Cc manganese binoxide 59 94, piotoxide 6 6, zinc oxide 21 7, 
water 116 Sterling Hill (New Jersey) 


OXIDES OF NON METALS 
1 OxipEs or Arsryic ANTIMONY FAMILY (TEROXIDES) 

123 ARsrvoLiTE, AsO, 

Cubic, 1n octahedra, also botryoidal, stalachtic H =-15,G = 
87 Lustre vitreous White, streak pale yellow Translucent 
Sublimes 1n closed tube, condensing in bnilliant octahedra Cc 
arsenic 75 76, oxygen 24 24 Cornwall, Andreasberg, Joachimsthal, 
Kapnik (Hungar) ), Nevada, Caltornia 

124 SENARMONTITE, SbO, 

Cubic, in octahedrons (Cl octahedral, also massive ular, 
H =~2to25,G =—522to53 Transparent, adamantine Whiteor 

ey BB inimner flame fuses and colours the flame greenish blue 
Sol inh acid Ce antimony 83 50, oxygen 16 44 Endellion in 
Coinwall, Constantine in Algena, Malaczka in Hungary. 


125 VALENTINEITE, SbO, 

Right prismatic, oP137° Cl oP, perfect H ~25to8,G =—55 
to56 Translucent, adamantine to pearly Yellowish white, brown 
grey, streak white Other properties and composition like senar 
montite Glindmning (Dumfnesshue), Prziorim, Braunsdorf 
(Saxony), Harz, Hungary, Allemont (Dauphine), Siberia. 

126 Bismite, Bid, 

Massive, earthy G =436 Grey, yellow, gieen Ce bismuth 
89 65, oxygen 10 35 St Agnes (Cornwall), Schneeberg, Siberia. 

127 Mo.yspirEe, MoO, 

Right prismatic, oP 136°48' Incapillary crystals, also powdery 
H =1 to 2, G=45 Straw yellow to yellowish white Ce 
molybdenum 65 71, oxygen 8429 With molybdenite at many 
of its localities 

128, TunastiTE, WQ3. 

Farthy Soft yellow or yellowish green Sol in alkahes Cc 
tungsten 79 3, oxygen 207 Cumberland and Cornwall, Monroe 
in Connecticut 

129 CeR\ANTITE, SbO,+Sb0,. 

Rizht pnsmatic Acicular, generallyeatthy H =4to5,G =41 
Isabel yellow, reddish white BB on charcoal reduced, un 
altered per se Sol mh acid Harehill, Ayrshire, Endellion, & , 
Cornwall, Cervantes, Spain, Felsobanya, Hungary, Mexico , 
Canada, Cahfoima 


130 StisiconiTe, SbO,, HO 

Massive, powdery H =4to55 G=528 Pale yellow In 
closed tube yields water Cc antimony 74 9, oxygen 19 6, water 
565 Goldkronach (Bavaiia) 

131 VotcEritE, SbO,, 5H,0 

Massive and powdery White In tube yields water, below red- 
ness Cc antimony 58 9, oxygen 19 3, water21 8 Constantine 
in Algeria 

182 ZunpERERZ (Tinder Ore) 

In soft, flexible, tinder like masses Colour dark cherry red to 
blackish red, lustre glimmering Two varieties —one, from Klaus 
thal, contains antimony oxide 34, iron oxide 40, lead 16, sulphur 4, 
the other, from Andreasberg and Klausthal, seems to be a mixture 
a re (82 04 per cent ), mispickel (18 46), and pyrargyrite 

4 34 

183 TeLLURITE. 

Yellowish or whitish Radiated, spherical masses, Gives the 
reactions of tellurous acid Facsebaya and Zalathna, Colorado. 


MINERALOGY 


184 TANTALIO OoHRE 
Powdery, brown, vitreous Pennikoja in Finland 

2 Oxipes or Carson SILIcov Famity (BINOXIDEs) 
185 Quartz, 510, 


Hexagonal , the purest varieties tetartohedral The primary 
pyramid P has the middle edge=103° 34, and the polar edges= 


\Y/ 


Fig 301 Fig 302 Fig 303 


183° 44, and 1s often perfect Ver 
as a rhombohedron R (0, }P), wi 
Crystals often «f oP, P 
or oP, P, 4P, the forms 
oP and 4P being coml ined 
im an oscillatory manni 
producing striz on the fue 
of the prism (figs 303, 304, 
305), also oP, P, }(2P2), 
the last face appearing as a 
rhomb replacing the alter 
nate angles between the tuo 
other forms (figs 307, 308) 
They are prism itic, or py 
ramidal, . onleheinl oh be Hig 
when P is divided into R md -R the latter 
very often wanting Many faces plagihedral, as 
in figs 302, 306, ~"~ 

Twins common with parallel axes, and either 
merely in juxtaposition (sce fig 178) or interpene 
trating Crystals often distorted, 1s im figs 310 
to 313 The crystals occur either singh, attached, 
or imbedded, 0: in groups and druses Most fie 
uently granular, massive, fibrous, or columnar, 
alse in pseud>omorphs petrifactions, and other 
forms Cl thombohedral along R, very imper 
fect, prismatic along oP, »till more imperfect, 
fracture conchoidal uneven, orsplintery H =7, 
G=25 to 28, 265 im the purest varietics 
Colourless, but more often white, grey, yellow, 
brown, red, blue green, or even blak Lustre 
vitreou. inclining to resinous transparent or 
translucent , when impure almost opiquc Fig 309 
mfusible alone with soda effervesces, and melts 
into a clear glass Insoluble in acids, except the hydrofluonc, 
when pulverized, slightly soluble in solution of potash Ce 


OE 
YY 


Fig 811 Fig 312 





Fig 304 Fig 305 


frequently it appears 
polar edges=94° 15 











Fg 810. 


48 05 silicon and 5195 oayysen but ficquently a small amount of 
the oxides of iron or titanium, of lime alumina, and other 
substances 

The following are varieties — 


lig 313 


Rock crystal Inghly tiansparent and colourlss, Dauphine, 
Switzerland Tyrol, Hungiry, Madygascar, and Ceylon 

Amethyst violet bine (fiom iron peroxide or manganese), and 
eften markel by zigzag or undulating lines, and the colour dis 
posed in clouds, Siberia, Persii, India, Ceylon, Brazil (white or 
yellow, named false topaz), Hungary, Ireland (neat (ork), and 
Aberdeenshire Wine yellow (Citrin and Gold T pa ), the brown 
or Smoky Quartz (coloured by a substance contamimg cirbon 
and nitrogen), and the black or Worzon, from Sil eita, ohemis. 
Pennsylvaiia, and other places © Catrngor m Stone, black, brown or 
yellow, from Aberdeenshire mountuns The above ate valued as 
ornamental stones , those which follow are lt ss so 

Rose Quartz 1e1 inclining to violet blue Clashnaree Hill (Aber 
deen), and Rabenstein in Bavaria Milk Quartz mulk white, and 
slightly opalescent, Greenland Prase Jeek and other shades of 
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green, Saxony and Cedai Mountam in South Afmca Cat's eye, 
inclosing wbestos greenish white or grey, olive green, red, brown, 
or yellow, Ceylon and Malabar -Avanturine, enclosing mica 

yellow, rei, green or brown, India, Spain, and Scotland Siderite 
indigo or Butlin blue , Golling in Salzburg 

Common Quartz, crystallized or mastive, white or grey, also red, 
brown, &c , 1s a frequent constituent in many rocks Some impure 
varieties ate properly rocks, as — 

(1) Ferruginous Quartz, or Iron Flint red, yellow, or brown, 
ften associated with iron o1es 

(2) Jasjer red, yellow, brown, also green, grey, white, and 
black , alone, or in spots, veins, and bands (Azbbon or Egyptran 
Jasper) Urils Tuscan Apennines, Harz and many parts of Scotland 

(3) Ly dan Stone, or Flunty Slate black, grey, or white, has @ 
splintery or conchoidal fra ture, breaks into irregular fragments, 
and passes by many transitions into clay slate, of which 1t 1s often 
re an altered po as in Scotland, used as a touchstone for 
gold, and at kitdal (Sweden) manufactured ints ornaments 

(4) Hornstone or Chert compact, conchoidal, splintery fracture, 
translucent on the edges, dirty grey, 1ed yellow, green, or brown, 

asses into flinty slate or common quartz, common in the Mountain 
fad eatoiie, Oolite, and Greensand formations, and often contains 
petrifactions, as shells, corals, and wood 

Other siliceous minerals seem intimate mixtures of quartz and 
opil as — 

Flint greyish white, grey, or greyish black, also yellow, red, 
or brown, sometimes in clouds, spots, or stripes, semitians 
parent, lustre dull fracture flat conchoidal, occurs chiefly in the 
Chalk formation as in kn,land, Ireland, Aberdeenshire France, 
Germany, ad other countries, sometimes in beds or vertical veins, 
often in irr gulai lumrs o1 concretions, inclosing petiifactions, as 
sponges echinoids, shells, or siliceous Jnfusorra The colour 1s 
partly denved from carbon or organic matter Used formerly for 
gun flints and still for the manufacture of glass and pottery, and 
cut into cameos o1 other ornaments 

Chalcedony semitransparent or translucent white, grey, blue, 
green, yellow, or brown stalactitic, reniform or botryoidal, and 
in yseudomorphs or epee » Iccland Faroes, ‘lrevascus in 
Cornwall, Scotlind, Hung ry Bohenna, Oberstem Carnelian 
chiefly blood red but also yellow, trown or almost black , India, 
Aribia Suriram and Sibetn, also Bohen 19, Saxony, and Scotland 
(Fifeshiure) Plasma leek or grass green, and waxy lustre, Olym 
pus Black Forest India and China 

Chrysoprase apple green, Silesia and Vermontin NorthAmenica 
Moss Ag ite ind Helotrope dark green and dendritic (called Blood- 
stone when sj rinkle {1 with deep red spots), India Siberia, Bohemia, 
Fassa Valley island of Rum and other parts of Scotland 


136 Timi, $10, 


Hexagonal , P mid lle edge 124° 4, polar edges 127° 35 Single 
crystals very minute hexaZonal tables of OP, oP but with the 
edges replaeed by P and oP2, are rare (fig 314) Mostly twinned 


Fig 314 





Fig 315 
in double or (oftener) triple combinations (figs, 


Fig 316 


315 to 317) Cl basal, indistinct, fracture con &, 
choidil H =7, G =2 282to2 326 Colourless 
and transparent, vitreous, pearly on the base ye 317 
BB like quutz Ce 9% sila, with some 
alumina, magnesia, and iron peroude, probably from the m iti 
Discovered by Von Rath mm the tra hyte of San Cnstolal, near 
Pachuca, in Mexico, also in the trachyte of Mont Dore (Puy de 
Déme), the Drachentels, and Hunga Many opals, treated with 
solution of potash, leave crystals, as those from Zimapan, haschau, 
Silesia, id the cacholong from Iceland Where such crystals 
are abundant, the opal becomes opaque or snow white Jenzch 
regards these is still another vanety ot silica 
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187 OPAL, 9810,, H,0 to 35:0. HO 
Amorphous, fracture conchoidal, very bnttl H ~-55 to 
65, G =2 to 22 Transparent to opaque vitreous, inclining to 
reamnous Colourless, but often white, yellow, red, brown, green, 
or grey, with a beautiful play of colours BB decrepitates and 
becomes opaque, but 15 infusible in the closed tube yields water, 
almost wholly soluble 1n solution of potash Cec silica with 5 to 
18 per cent water Most opils are mixtures of various minerals 
e following varieties may be noticed —(1) Hyalute, Glassy Opal, 
or Muller s Glass transparent colourless, very glassy, small botry 
oidal, or incrusting Kauserstuhl in the Breisgau Schemnitz, Silesia, 
Moravia, Mexico, and other places (2) Fire Opal or Girasol trans 
jarent, brillant vitreous lustre, bright hyacinth red or yellow, 
Aimapan in Mexico, and the Faroes (8) Aoble Opal, semi trans 
parent or translucent, resinous, inclining to vitreous, bluish or 
yellowish white, with brilliant prismatic colours, most show double 
refraction and are binaxal, in irregular masses or \ eins near Eperies 
in Hungary, Australia (4) Common Opal semitransparent, vitreous, 
white yellow, green, red, or brown, Hungary also Faroes, Iceland, 
the Giants Canseway, and the Western Isles of Scotland (5) 
Semz opal duller and less pellucid, Wood Opal or Lithoxylon with 
the form and texture of wood distinctly seen, Hungary, Bohemia, 
and other countmes (6) Afentltte compact reniform, opaque and 
brown or bluish grey Menilmontant, near Paris (7) Opal Jasper 
blood red brown, or yellow (8) Cacholong opaque, dull, glimmer 
mg, or pearly, and yellowish or rarely reddish white, in ves or 
reniform and incrusting , Faroes, Iceland, the Giant’s Causeway One 
variety 19 named Hydrophane, from imbibing 
water, and becoming translucent (9) Ssleceous 
Sinter deposited trom the Geyser and other 
hot springs and Pearl Sinter incrusting 
volcanic tufa at Santa Fiora in Tuscany 
(Fiorite), and in Auvergne 


188 Zrrcon, ZrO,, S10, 

Pyramidal, P 84° 20 Crystals, oP, P 
often with 8P3 also oPo, P, or wPco (s), 
oP (2), P(P) 8P8 (x), Poo (é), 4P4 (y), 5P5 (z) 
(fig 318, also 86, 87, 585) Chiefly pmsmatic 
or pyramidal, and in rounded grains Trans 
parent to opaque, 
vitreous, often ada 
mantine Rarely 
white, generally grey, 
yellow, green, or fre 
quently red and 
brown BB loses 
its colour, but 1s in 
fasible Not affected 
by any acid except 
concentrated s acid, 
after long digestion 
Ce 663 zrcoma 
and 837 silica, with 
0 to 2 1ron peroxide Fig 318 Fig 319 (sp 138) 
as colouring matter Muask, Arendal, Sweden, Belgium (at Nil St 
Vincent) Carinthia Tyrol Ceylon and North America, in Scot 
land, Scalpay in Harris (fig 319) Lewis (Hyacinth), Sutherland, 
Ross The colourless varieties are sold fo. diamonds The more 
brilliantly coloured aie named hyacinths, and are valuable gems 





SULPHIDES, SELENIDES TELLURIDES, & 

139 Pynite, FeS, 

Cubic , semitesseral dominant (figs 320 to 823, also 67 to 77 and 
26 to 84) Pentagonal dodecahedron in excess or striw, produced 
by oscillation of 1t with faces of the cube, visible Often distorted, 
gin the cubo octahedral twin (fig 323) Sometimes massive and in 
pseudomorphs Cl cubic or octahedral, difficult, bnttle H =6 





Fig 322 


to 65, G=49 to 52 


Brass ycllow, 
yellow, streak brownish black when broken emits smell of 


oftn somewhat gold 


sulphur In closed tube sulphur subliimes BB 

burns with blue flame, and pe of sulphurous aa ioe 
flame fuses to magnetic bead Sol mn acid with deposition of 
sulphur Cv iron 46 7, s ilphur 53 3, often contains gold in visible 
grains, when broken Common to rocks of all ages omnadashin, 


MINERALOGY 


Birnam, Scotland, Co:nwall, England, Elbaand Traversella, Peru; 
Roasie, Middletown, and Schohane m US Aunferous pynites, 
Berezoff (Siberia), Adelfois (Sweden), Mexico. Used to be cut in 
facets and set as 1n ornament, 
under the name of marca- 
sites, also for striking fire in 
the old firelocks, whence the 
name of firestone, now used 
le ri of sulphuric 
acl 


140 MarcasirE, FeS, 





Right Larue poh M) \ 
106°5 Crystals tabular, thin 
rismatic, or pyramidal Fig 823 (sp 189) 


wins very frequent, also cockscomb like groups, or spherical 
and stalactitic Cl oP fracture uneven, britth =4 65 
to 49 Greyish bronze 
yellow to greenish grey, 
ie with en crust , 
strea nis ey ol 
ibeow null hinal B : &c, 
hike pymte Very prone to 
decomposition, being changed 
into green vitriol, which may 
be detected by the tongue 
Spear Pyrites are twins tke Fig 824 Fig 325 
fig 325 Littmitz, Prabram Hepat Pyrites or Leberkves, liver- 
brown, generally decomposing, Harz, Saxony, Sweden Cockscomb 
Pyrites, Derbyshire and the Harz Kyrostée contains arsenic 

141 MuspickeL, FeS,+FeAs 

Right prismatic, oP (4f)111° 12 (fig 826) Twinscommon, also 
massive or columnar Cl] oP, fracture 
uneven, brittle H=—55 to 6, G =6 
to 62 Silver white to steel grey, 
streak black In closed tube yields 
first a red then a brown sublimate, 
lastly metallic arsenic BB on char 
coal fuses to a black magnetic globule 
Sol in n_ acid, with separation of 
arsenious acid and sulphur Cec 348 
iron, 461 arsenic, 19 6 sulphur, some 
times silver or gold, or 5 to 9 of cobalt 








Fig 826 
Cornwall, Freiberg, Zinnwald, Sweden, Francomia, America. 
142 LerucopyrirTs, FeAs 


Right prismatic , oP (d)122°26 , Peo (0) 51°20 
fig 327, generally massive or columnar basal 


Crystals hike 
fracture uneven, brittle H=5 to 55 G=7 to Ko 
74 Silver white with darker tarnish, streak greyish 
black BB _ emits strong smell of arsenic, and fuses 
to a black magnetic globule Cc iron 27 2, 
arsenic 72 8, sometimes iron $2 2 and arsenic 66 8, 
always some sulphur, and often nickel and cobalt 
Fossum 1n Norway, Andreasberg, Styria, and Silesia 
Spathropyrite, from Bieber n Hesse, seems a variety 

143 COoBALTITE, CoS,+CoAs 

Cubic and hemihedral , sometimes massive (figs 67, 74) Cl 
cubic perfect, bnttle H=55,G=6to63 Bmilliant lustre 
Pinkish silver white, tarnishes yellow or grey, streak greyish 
black BB with borax blue glass, evolves smell of arsenic Cc 
cobalt 359, arsenic 449, sulphur 192 St Just in Cornwall, 
Tunaberg in Sweden, Skutterud in Norway, Querbach in Silesia 

144 GuaucoporE, (Co, Fe)S,+(Co, Fe)As, 

Right prismatic, oP 112°36 Cl basal, perfect H =5, G = 
6 Lustre metallic Greyish white, streak black Ce _ cobalt 
24 7, 1ron 11 9, arsenic 43 2, sulphur 202 Huasco in Chih 

145 Sma.tine, (Co, Fe, Ni) As, 

Cubic , generally like fig 27, also reticulated and granular com- 
pact Cl octahedral, fracture uneven, bnttle H=55, G = 
64to73 Tin white tosteel grey, with dark or imdescent tarnish , 
streak a ag black Evolves odour of arsenic, when broken or 
heated c 714 arsenic, 28 6 cobalt, sometimes 8 to 19 iron, 
and 1 to 12 mickel, or 4 bismuth Doleoath and Redruth m 
Cornwall, Schneeberg, Annaberg, Tunaberg, Allemont, Chatham 
in Connecticut 

146 CHLOANTITE (White Nickel), NiAs. 


Cubic , erally fine granular or compact; fracture uneven , 
brittle H-5 5,G=—64to66 Tin white rapidly tarnish 
Viack In the closed tube yselds a subhimate of arsenie, an 
becomes copper red Gaves odour of arsenic when broken BB 
fuses with much smoke, becomes coated with crystals of arsenious 
acid, and leaves a brittle grain of metal Cc 282 mekel, 718 
arsenic, but often with cobalt Schneeberg, Riechelsdorf, Alle- 
mont, Chatham in Connecticut 


Fig 827 
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147 Gepsporrritz, Ni8,+NiAs, 


Cubic (figs 74, 30,26) Cl cubic, generally granular H =5 5, 
G =6 67 Lustre metallic Silver white to steel grey, decrepitates 
in closed tube BB fuses toa black slag , penne sol inn acid 
Cc 852 mekel, 454 arsenic, and 194 sulphur, sometimes 


with cobalt Craignuu, near Loch Fyne, with 23 nickel and 6 
cobalt The Harz, Sweden, Spain, and Brazil 

148 Unimannire, NiSb+Ni8, 

Cubic (figs 31, 29, 27), often tetrahedral, and in twins as m 


H =5to55, 
Lead grey to tin white, often with imdescent 


figs 828,829 Cl cubic, perfect, fracture uneven 
4 =62 to 65 





tarnish BB fuseswith dense fumes Sol mn acid Ce £74 
nickel, 57 5 antimony, and 151 sulphur Westerwald, Siegen, 
Harzgerode, Lolling (Carinthia), Lobenstein, and Bletberg 


149 RAMMYLSBERGITE, NiAs 

Right prismatic , oP 123° to124° Chiefly massive, or in radiating 
and botryoidal gates H =5, G =72 Colour tin white 
Schneeberg, Reichelsdorf, and Wittichen in Baden 


150 Havzrire, MuS, 

Cubic (figs 80, 30-26, 80-83-37) Crystals a er in sphencal 

ups Cl cubic, perfect, H =4, G =3 46 dish brown to 
fovnh black , streak brownish red In closed tube yields sul 
phur, and Jeaves a green mass, whichis sol inh acl Cc 46 
manganese and 54 sulphur halinka in Hungary 


151 Pyrenorite (Magnetic Pyrites), Fo,S, 

Hexagonal, P126°48 Crystals rare, sometimes hemuhedral on 23, 
commonly massive or granular Cl oP,imperfect, brittle H = 
85t0o45, G=45to46 Colour bronze yellow with pinchbech 
brown tarnish , streak greyish black Moreorlessmagnetic. Cc 





Fig 880 


63 65 iron and 36 35 sulphur, sometimes with nickel Common in 
py limestones and diorites of Scotland Crystallized in above 
orms at Askaig on Loch Shin, Sutherland, Carnarvon, Cornwall, 
Fahlun, Bodenmais, Andreasberg Distinguished by its colour 
and its solubility mh acid 


152 Linnatre, 2(Co, Cu)8+CoS, 

Cubic (figs 29, 80), often twinned , twin face 0, also massive 
Cl cubic, bnttle H =-55,G=49to5 Silver white, with a 
yellow tarnish , streak blackish grey BB fuses to a grey mag 
netic globule, which 1s bionze yellow when broken Cc _ cobalt 
48 2, copper 14 4, 1ron 3 5, sulphur 885 Bastnaes (Sweden) 

163 Srxaevite, CoS +Ni,8, (t) 

Cubic , generally in crystals like fig 29, also massive Colour 
silver-white, inclining to pink Other features likelinneite Cc 
cobalt 40 8, nickel iL 6, sulphur 481 Musen near Siegen, Mary- 
land, and Missour1 The American mimeral bas 80 5 of mckel 


154 Potypymire, N:,5, 


Cubic , m minute octahedral crystals and flattencd twins Cl 
cubic H.=45,G=—481 Cc 89 45 mckel, 40 55 sulphur, but 
generally with 4 ofiron Westphalia Saynsle or grunausie seema 
to be a bismathic and cobaltic variety, 1t 1s from Grunau in Sayn 
Altenkirchen 


Fig 331 
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155 ByagicuRirTE, 83NiS+2Ni8, 
H =—8 to 35,G=_47 Ce 
sulphur rom the Westerwald 


156 HorsacuiteE, 4Fe,8,+ N1,8, 

Crystalline masses H =45, G=448to47 Colour pinch 
beck brown, streak black Cc _ nickel 11 98, 1ron 41 96, sulphur 
4587 Horbach im the Black Forest 

157 SxurTERUDITE, CoAs, 

Cubic (figs 80, 26 with 33, 40) and granular (Cl cubic, frac 

ure conchoidal , bnttle H =—6, G =674to6 84 ‘lin white to 

lead grey Lustre blliant In closed tube gives sublimate of 
metallic arsenic, otherwise like smaltinme Cec 79 arsenic, 21 
cobalt Skutterud, near Modum in Norway 


158 GaALEeNA, PbS 


Cubic , crystals chiefly cube, octahedron, and rhombic dodeca- 
hedion , rarely 20 and 202 Also massive and granular, compact, 
or lammar, and in pseudomorphs of pyromorphite and other 
minerals Cl cubic, very perfect, 
fracture scarcely observable, sectile 
H=-25, G=72 to 76 Lead 
grey, with daiker or rately indescent 
tarmsh, streak greyish black BB 
decrepitates, fuses, and leaves a 
gol e of lead Sol m n acid 

ce 867 lead, and 133 sulphur, 
but usually contains a little silver, 
ranging from 1 to 3 or 5 parts in 
10,000, rarely 1 per cent or more 
Some contain copper, zinc, or anti 
mony, others selenium, and others 
(the ‘supersulphuret ) probably free 
sulphur (2 to 8 per cent) Most 
common ore of lead im many counties Leadhills, Pentland Hills, 
Linlithgow, Inverkeithing, Monaltne, Tyndrum, Strontian, Islay, 
Orkney, Cornwall, Derbyshire (Castletown), Cumberland (Alston 
Moor), Durham (Allenhead), Wales, Isle of Man 


159 CUPROPLUMBITE, 2PbS+Cu,$ 
Cubic H=25,G=64 Blwsh grey Chil 
160 BEEGERITE, 6PbS+B1S, 


Cubic G=727 Cl cubic Lighttodark grey Lustre brilliant 
Cc sulphur 15, bismuth 20 6 lead 64 2, with copper17 Grant 
(Park county, Colorado) 


161 CLAUSTHALITE, PbSe 

Cubic, but massive granular H =25 to 3, G =8 2 to 88 
Lead grey, streak grey BB fuses, smells of selenium, colours 
the flame blue stains the support red, yellow, and white, and 
rolatilizes, except a small residue, without fusing Cc 727 lead, 
27 3 selenium, but sometimes 11 7 of silver Zorge Lerbach, and 
Clausthal inthe Harz Tilkerodute, or Selen Cobalt Bler, containing 
8 per cent of cobalt, from Tilkerode, 1s a variety 


162 ZonciTE 


Massive granular , like clausthalite, but ageing 10 reddish, and 
often tarnished There are four varieties (a) Selen Bler Kupfer 

G=74to75 5PbSe+CuSe, with 4 copper, 65 lead, 30 selenium 

(b) The same, but with G —5 6, 4Pb, 4Cu, 7Se, with 15 8 copper, 
48 4 lead, and 35 selenium  (c) Selen Kupfer Bless with G =7, 
2PbSe + CuSe, with 8copper 57 lead, and 32selemum (d) 2PbSe+ 
9CuSe with 46 64 copper, 16 08 lead, and 36 59 selemum From 
Tilkerode and Zorge in the Harz, and near Gabel in Thunngia 


163 AxTartx, PbTe 

Cubic and granular, fracture uneven, sectile H =3t03 5 G = 
81to82 Tin white to yellow, with yellow tarnish BB colours 
the flame blue, fusing to a globule, which almost wholly volatilizes 
Cc 619 lead and 381 tellamum Zavodinski in the Altai, 
California, Colorado, and Chili 

164 ReprvurHite (Copper Glance), Cu,S 

Right prismatic oP (0) 119°35, P(P) middle edge 125° 22 
#P (a) middle edge 65° 40 , 2P ao (d) middle edge 125° 40 , 3Po (e) 


middle edge 65°48 Crystals OP (s), oP (0), Peo (p) (figs 383, 


54 23 nickel, 279 iron 42 86 








Fig 383. 


334), with hexagonal as tf alao twins, and massive Cl oP, 
imperfect fracture conchan el or mneven, sectle H =25to3, 
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G =55+to58 Rather dull, bnghter on the streak Blackis 
lead grey, with a blue or other tarmsh BB colours the flam 
blue , on charcoal in the oaygen flame sputters, and fuses easily , 1. 
the red flame becomes solid With soda gives a grain of copper 
Green solution in n cid, leaving sulphur Ce 79 8 copper, 20 £ 
sulphur Fassnet Burn (Haddin,tonshue), Ayrshire, Fair Island, 
near Redruth and Lands End in Cornwall, Saxony, Silesia, Nor 
way, the Banat, Siberia and the United States Important coppe: 
ore 

165 Srrowrrriitr, Cu,S+AgS 

Right prismatic , somorphous with redruthite Crystals rare. 
usually massive , fracture fiat, very sectile H =25, G =6 2 tc 
h3 Bight Blacktsh lead grey Cc 531 silver, 81 2 copper, 
an! 15 7 sulj hur, but often indeterminate proportions of silver (3 to 
53) and copper (30 to75) Schlangenberg i Siberia, Rudelstadt in 
Silesia, al Latemo in Chil 

166 BFRZELINITL, CuSe 

Crystalline, in thin dendritic crusts, and :mbedded 1m calcite 
Silver whit with a black tarnish, streak shining In open tub: 
gives a rel sublimate cf sclenium with white crystals of selenion: 
acid BB on cl arcoal fuses t> a ercy shghtly malleable bead, 
giving o lour of selinious a id, with soda a grain of copper Cc 
61 5 copper and 38 5 selenum Skmbherum in Smaland, Lerbach 
in the Harz 

167 CRroonxEsITE (CuTl),Se 

In crystalline grains the size of peas H =25to8, G =69 
Bnittl. Leid grey Metalic BB colours the flame imtense 
gren ( c 4576 copper, 371 silver, 17 25 thalhum, 38 2 
sekuium From Sknkerum 

168 TuKaime CuSe+AgsSe 

Massive ani granular crystalline Cuts with knife Lead grey 
streak shining BB fuses toa brittle metallic grain Cec 431 
silver, 20 3copper, and 31 6selemum Sknkeium, Atacama, Chili 


169 ANGENTITE, Ag,S 
Cubic 00,0, 0 and 202 (figs 29, 56) Crystals generally 
misshapen, with uneven ot cursed faces, mm druss or linear 
roups, iso arbores ent, capillary, or in crusts Cl mdistinct 
tacture hackly , millcable and fleable H =2 to 25, G —-7 ti 
74 Parly brilliant more so on the streak Bl ickish lead grey 
often with a blick brown, or 1arely imiescent tainish BB on 
charcoal fuscs, intumesces greatly ind leaves a grain of sil _. 
sol incn n aid Ce 87 silver ani 13 sulphur Huel 
Duchy, Dolcoath Herlind, and near Callington in Cornwall, 
Alvain Stulingslnre Treibiig Marienoerg, Annaberg, Schneeberg, 
Johann Georgenstalt, Joachimsthal, Schemmitz and Aremuitz, 
Kongsberg Common ore it Guanajuato and Zacatecas n Mexio, 
in Pcru, and at Blago lat m Sibena 
170 ACANTHILE, AgS 
Rijht pusmatic H =2 0 
argentite, thus dimor} hous 
also at Cop. ipo 
171 Jaurattr, 8Ag3+Cu,S 
Culic formO Cl cubic, malleable H =25 G =688 Dark 
grey Metillic lustre Cc silve~ 71 78, copper 14 04, sulphur 
142 Jalj +10 Mexico 
172 Lautitr (CuAg) AsS 
Grinular Iron blah H =38 G=496 Cc _ copper 28 3, 
silver 12, arseni, 41 8, sulphur 17 86 Lauta, near Marienberg 
173 NauMANNITE, AgSe 
In thin plites and granular Cl hexahedral, perfect Malleable 
H =25,G=8 Jron blak Splendent Cc 73 silver and 27 
seleniuin, with 4.91 lead Tilkerode 
174 Hesstr, AgTe 
Cubic or inorthic (#), massiveand grinular Slightly malleable 
H=2» to 3, G=81 to 845  Blickish lead 113 to steel 
gry BB on chaicc il fumes, fuses to a black grain with white 
spots a d leaves a Little grain of 
silv: Gc 6 8 silver and 37 2 
tellunum Zavodinskhi (Altai) Nig 
yig, Rezbanya Caliform ind Chih 
175 Prizrir 2\pgTe + AuTe 
Like hessit) Two vaneti 5 — 
(a) with G =8 72 ¢ ntunirg 18 per 
cent of goll, from Nazyag (b) with 
G =9 to 94, ind 24 to 26 cf gold 
Calaveras and Tuolumre in Cali 
forma, Colorado 
176 Discrasrte, Ag,Sb, Ag,Sb 
and Ag,>b 
Right prsmatic, P with polar 
elges 1 2° 42 and 92°, wP 120° 


G =733 Iron black (c hike 
Freiberg and Clausthal, on argentite, 





Fig 335 (sp 176) 
nearly (figs. 335, 336). Crystals short prismatic, or thick tabular, 
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and vertically strated (fig 885), twins united by a face of oP, 
often 1n stellar groups (fig 336), also massive or granular Cl, 


basal and Po, distinct , ©P imperfect , rather 
brittle, and slightly malleable H =85, 
G=94to 98 Silver white to tin white, with 
a yellow or blackish tainish BB fuses easily, 
fumcs staining the charcoal white, and leaves 
a grain of silver Sol inn and Ce 64 
to 84 silver, and 36 to 16 antimony Andreas 
berg, Allemont in Dauphiné, Spain, and Ar Fig 336 
ueras in Coquimbo (Chili) A valuable ore of silver A vanety 
rom Chili contains 94 2 silver and 5 8 antimony, and 1s Ag,,Sb 


177 Biexpeg, ZnS 

Cubic and tetrahedral (figs 152, 158, 337) Twins remarkably 
common, united by a face of O, and several times repeated , fre 
quently massive and granular Cl o(), perfect, very buittle H = 
35to4 G=39to42 Semitransparent to opaque , adamantine 
and resinous Brown or black, also 
red, yellow, and green, rarely colour 
less or white BB decrepitates, often 
violently, but only fuses on very thin 
edges Sol in con n acid, leaving 
sulphur Cc 67 zinc and 88 sulphur, 
but generally im the daiker varieties 
with 1 to 15 iron, 0 to 3 cadmium 
Very abundant Glen Gairn (bight 
yellow and highly phosphorescent), 
Leidhills Tyndrun, Comwill DerLy- 
shue Cumberland, the Harz Frei erg, 
Piabram, Schemnit7, Kapmk, North 
Amenca Pero Used for producing zinc vitriol and sulphur, and 
as an ore of zinc—=- Lathnum, indium, thallium, and gatlum have 
all been found in blen le 


178 Wortzite, 6ZnS8+leS 

Hexagonal, oP, P, with well marked honzontal stne Cl 
basal, and pusmitic H =35 to4,G—-39 to 41 Browmsh 
black , streak light brown Cc like blende which 1s thus dimor- 
thous Ortro in Bolivia, and Prabiam (radiated md cadmuferous) 


179 GREENOCKIrE, CdS 

Hexagonal and generally hemimorphic P 86°21’, 2P 128° 54 
Crystals 2P OP, oP, P, orP, 2P, «P, attachedsingly Cl oP, 
mpeifect, basal perfect H =3 to35,G =48 to49 Trans 


lucent biailliant resinous, or adaman —> 
SE> 
= 


tine Honey or orange yellow, 
rarely brown, streak yellow BB ET RE 
a =F 
— ee” 











dectepitates, and becomes carmine 
red, but again yellow when cold, 
fused with soda forms a red lish 
brown coating on charcoal Sol in 
h aud Ce 776 cadmum, and 22 4 sulphur 


Fig 388 
Bishopton in 
Renfrewshire, Prabram, and Friedensville in Pennsylvania 


180 ALABANDINE, MnS 
Cubic, O and 0c , usually massive and granular 


Cl hexa 
hedral, perfect , fracture uneven, rather biittle H =35 to 4, 
G =39to4 Opaque, semi metallic Iron black to dark steel 
grey, brownish black tarnish , streak dark green BB fuseson thin 
«dges to a brown slag Sol inh acid Cc 63 manganese and 
37 sulphur Nayyag, Kapmk, Alabanda in Caria, Mexico, and 
Brazil 


181 MILLERITE, NiS 

Hexagonal rhombohedral, R 144° 8’, in fine acicular prisms 
f oP2,R Britle H =35, G =4 6 (or 5 26 tod 65) rass 
wr bronze yellow, with a grey or indexent tamch BB _ fuses 
asily to a blackish metallic globule, which bous and sputtcrs 
n nitro hydrochloric acid formsagreensolutwn Cc 64 4nickel 
and 30 6gulphur Morven (Argyllshue), Chapel (Fife), Ayrshire, 
iear St Austell mm Coimwall, at Merthyr Tydvil, Johann Georgen- 
itadt, Joachimsthal, Prabram, Camsdorf, Riechelsdorf, Pennsy| 
rama 

182 PENTLANDITE (Eisennickelkves), 2FeS + NiS 

Cubic , messive and granular, fracture uneven , bnttle H = 
35to4,G=—46 Jaight pinchbek brown, with darker streak 
Not magnetic BB acts in general like pyrrhotite, the roasted 
yowder forms with borax in the red flame a bl ck opeaus glass 
Ye 36 sulphur, 42 iron, and 22 nickel , but nixed wit Fate 
md chaluopynte Lillehammer in southein Norway  Inverarite, 
5FeS +NiS, with 11 of nickel, from near Inveraray, 18 a variety 


183 NICKELITE (Copper Nickel), NiAs 

Hexagonal, P 86°50 (Crystals oP, OP, rare, Arborescent, 
.niform, and massive, fracture conchoidal and uneven , bnittle 
H =55,G =75to77 Light copyer ted, vith a blackish tarnish 
“t forms no sublimate in the closed tube 3B B. fuses with strong 
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umes to a white, brittle, metallic globule Cc 486 michel and 
56 4 arsenic § Hilderston in Linlithgow, Pibble in Kirkcudbright, 
Leadhilis, Pengelly and Huel Chance in Cornwall, Freiberg, Schnee 
berg, Joachimsthal, Sangerhausen, Andreasberg, Chatham in Con- 
necticut Used as an ore of nickel 


184 BreirHaAUPTiiE (Antimomal Nukel), NiSb 


Uexazonal, P 86°56 Crystals, thin striated hexagonal tables 
of OP, eP H-5,G—75to76 Brillant Laight copper red, 
gene ‘ally with violet tarnsh BB fumes, but fuses sth grat 

ifficulty Cc 322 nickel and 67 8 antimony Andreasberg 


185 SrannivTE (Tin Pyrites), 2CuS, SnS,+2(FeS, ZnS)+Sn8, 

Cubic , m cubes very rare, generally massive and granular Cl 
hexahedial, imperfect, fracture uneven or small conchoidal , 
brittle H=4,G~=43 to45 Steelgrey, streak black. Cc 
26 to 82 tin, 24 to 380 copper, 5 to 12 iron, 2 to 10 muc and 30 
sulphur Huel Rock near St pene St Michaels Mount and Carn 
brea in Cornwall, Zinnwald Bell metal ore 


186 SreRNBEI GE, (AgS + 2FeS)FeS, 

Right prismatic, P middle edge 118° Crystals usually thin 
tabular, 1n twins, or in fan hke and spheroidal groups Cl basal, 
erfuct , sectile, and flexible in thin 
amine H =1 to 15, G =4 2 to 
425 Dark pinchbeck biown, often 
a violet blue tarmsh streak black 
Cc 3842 silver 35 41r0on and 30 4 
sulphur Joachimsthal, Schneeberg, 
and Johann Georgenstadt Fleanble 





Fig 339 


Sulphuret of Silver, from Hungary and Freiberg, 13 identical Fre 
sevte, Ag Fe,S, in twins (fig 339), 1s a variety 


187 Ririingenitr, AgAs 


Oblique prismatic oP 126° 18, oPo anil OP Cl basal, 
fracture conchoidal brittle H =25to8, G@=—563 Cc silver 
57 7, the remainder being arsenic, with someselenium Joachimsthal, 
Silesia, Felsobinya in Hungary 


188 CoVELLINK, CuS 

Hexagonal Crystals oP, OP, rare usually reniform and granu 
lar Cl basal sectile Thin lamine flexible H =10t02,G = 
38 to 46 Resinous Indigo blue, stieak blak BB burns 
with blue flame Sol inn acid Cc 667 copper, 33 3 sulphur 
Cairnbeg 1n Cornwall, Vesuvius, Leogang (Austria), Chih, Angola, 
ew Zealand, and Victoria 


189 CHALCOPYRIIE (Copper Pyrites), CuS + FeS 

Pyramidal and sphenoidal hemihednic , 4P (P) with polar edges 
71°20 , wPeo Crystals generally small and deformed twins 
very conmon like ng 840 Po(b) 89° 10, 2Poo(c) 126° 11, 
OP (a) P (fg 89) Most commonly compact and disseminated, 
also hotryoidil and 1emform Cl pyramidal 2Po some 
times rather distinct , fracture conchoidal or uneven H =3 5 to 
4 G=41 to 43  Brassyellow, often with a gold yellow or 
midescent tarnish (peacock copper ore), 
streak greenish black BB on charcoal be 
comes dather or black, and on coolingred, 
fuses easily to a steel-grey globule, which at 
length becomes magnetic brittle and greyish 
red on the fractured suifice , with borax and 
soda yields a grain of copper, moistened with 
h acid, colours the flame blue Cc essenti 
ally 1 atom copper, 1 atom iron, and 2 atoms 
sulphur, with 34 5 copper 30 5 iron, and 35 
sulphur The most abundant ore of copper 





Fig 340 
In kunkeudbiight 
shire and Wigtownshire, Tyndrum in Perthshire Inverness shite, 
Lairg 1n Sutherland, Shetland, Angleser (Parys mine), Derbyshire, 
Staffordshire, Cumberland, Gunnislake (Devonshue), St Austell 
(Cornwall), Wicklow, Falun, Roraas, Fieiberg, Mansfeld, Gosla, 


Lauterberg, Musen, Siberia It 18 distinguished from pynte by 
yielding readily to the knife, by its tarnish, and by forming a green 
solution In n acid 


190 BorwnitE (Purple Copper), 3Cu,S, Fe,S, 

Cubic Crystals 000, and oOo, 0, but rare, and generally 
rough or uneven, also twins Mostly massive Cl octahedral , 
fracture conchoidal , slightly brittle, sectile H ~3, G =49 to 
51 Colour between copper red and punchbech brown, with tarnish 
at first red or brown, then violet or sky blue, streak gicyish black, 
BB actshkechalcopyiite Solubleim con h acid, lewving sulphur 
Ce 656 copper, 16 4110n, and 28 sulphur Crystals near Redruth 
and St Day in Cornwall, missive at Killarney im Ireland, so 
Norway, Sweden, Mansfeld, Silesia, Tuscany, and Chil: An ore of 


copper 
191 Cusan, CuS, Fe S, 


Cubic H =4,G ~4°l Bronze yellow, streak bionz yellow and 
black Barracanao in Cuba, Tunaberg and Kafveltoip im Sweden 
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192 Domeykirs, Ca,As 

botryoidal or massive , fracture uneven, brittle H =3to3 5; 
G =7 to 75 Tin or silver white, mchning to yellow, with an 
indescent tarnish Not affected byh acid Cc 71 68 copper and 
28 37 arsentc Calabizo im Coquimbo, and Coprapo in Chiu Con 
durrite, massive, seems an impure variety , from Condurrow mine and 
near Redruth (Cornwall) Algodonite from Lake Superior, Whit- 
neynte from Mexico, and Darwinite (88 copper) are also identical 
or simular 

193 Mxrxowirz, Ni,Te, 

Hexagonal, mmute tabular crystals foliated and granular. 
Metallic lustre Reddish white, streak dark grey Cc nickel 21, 
silver 41, tellurum 784 Stanislaus and Calaveras (Califorma) 


194 Syivanire, AgTe,+AuTe, 


Oblique prismatic, C 55° 21 oP 94° 26 — Pew19° 21’, P*co 
62°48 Crystals small, shortacicular and often twinned and grouped 
in rows like Ictters sectile, butfnable H =15 to2,G =7 99 to 





Fig 341 Fig 342 


8 83 Steel grey to silver white, and pale bronze yellow Cc 596 
tellurium, with 0 6 to 8 5 antimony, 26 5 gold (in some 30), and 
13 9 silver withO2to15 lead Offenbanya (Graphic Tellurvum), 
Nagyag (Yellow Tellurzum) and California 


195 Nacyaairr, Blach Telluriwm 

Pyramidal P137° 02, Poo 122°50 and OP (fig 348) Crystals 
tabular, 1a1e in general in thin plates or fol: 
ated (Cl basal, perfect sectile, thin lamine 
fiexble H=1 to 15, G =685 to 72 
Splendent Blackish lead grey Cc 51 to 
63 lead, 6 to 9 gold 1 copper and silver, 13 to 
32 tellurum 3 to 12 sulphur, and 0 to 45 
antinony Nagyag and Offenbanya im Tran 
sylvania 


196 MaAtponiTE, Au,B1 * 

H=-15 to 2, G@=82 to 97 Colour 
silver white, with black tarnish Cc gold Fig 343 (sp 195) 
64 5, bismuth 35 5 Occurs in granite veins at Maldon 1n Victoria. 

197 CHILENITE, Ag))B1 

Minute plates of metallic lustre Silver white, but tarmshed red 
or yellow Silver 839, bismuth 161 From the mine San 
Antonio near Copiapo in Chil, 

198 CinnaBAh, HgS 

Hexagonal and rhombohedral, R71°48 R(n),0R (0),co R (m). 3R 
(+) (fg 344) Cuystals rhombohedral, also 
granular, compact, and earthy Cl] oR, 
peifect, fracture uneven and splinters , 
settle H =2 to25, G@=8to82 Trans 
parent, with circular polaiization Adaman 
tine Cochineal red, streak scarlet Ce 
86 2 mercury, 13 8sulphur Idram Carniola, 
Almaden m Spain, Wolfstern 1m Bavania, 
Sixony, Hungary, Tuscany, China, Cali 








Fig 344 
fornia, Mexico, Peru Chief ore of mercury. Also a pigment 
Hepatic Cunnabar 1s & bitumimous mixture 


199 TIZMANNITE, HgSe 
Finegranular , bnttle H =25,G =71to74 Bnilhant Dark 


lead grey Cec 75 mercury, 25 selenium Claustbal and Zorge 

200 LerBacuiTe, (PbHg)Se 

Granular and masuve G =7 8 to7 88 Colour steel grey to 
iron black Brittle Leipich, Tilkerode wm the Harz 

201 GUAN AJIUATITE, B:,Se, 

Massive, grinular, foliated and fibions II =2 .to3 G =6 25 
Blue grev, stierk grey and shming Metallic soft and malleable 
Cc sclenitum 34 3, sulphur 7, bismuth 69 Santa Rosa (Guana- 
juato, Mexico) . 

AVL — 50 
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202 Cororaporis, HgTe 
Massive and granular H —3, G =863 Metallic Iron black 
Conchoidal fracture Cc 61 mer wy, 39 tellunum Colorado 


208 MotyspEn11k MoS 

Hexagonal (?) Crystals OP, «P andOP,oP,P Generally scaly 
Cl basal, perfect sectilc ani flexible Feels greasy H =1tol 5, 
G=—46t049 Lead gry with red tinge, grey streak on paper, 
greenish on porcelun BB_ colours flame siskin gree 
charcoal yulds sulphuious fumes 
and forms a white coiting 1m warm 
nitiochloric acid a gieenish, and 1n 
boiling s acid a blue solution 
Cc 59 molybdenum, 41 sulphur 
In granular limestones, and im Fig 345 

nites in Sutherland, Ross, Aberdeen, Argyl, and Kirkcudbright, 
hap mn Westmoreland, Caldbeckfell un Cumberland, Arendal, 
Zinnwald, Mont Blanc, Maine, Connecticut, Yeam Victoma Ur-* 
for preparing blue carmine, for colowinz poicelam 


204 Lavritz, (RuOs).3, 

Cubic Crystals O m0, 003, Oc Cl octahedral H = 
75,G=699 Metallic bnght Darkiron black Powder grey 
Bnttle Cc  iuthenum 6518, osmum 3 03, sulphur 31 79 
From platinum grains 1n Borneo and Oregon 

205 Rearacar, AsS 

Oblique prismatic oo P (AN) 74° 26 , Pe oo (x) 182° 2, oP2 (2) 118° 
16 Crystals (fig 346) gencrally prismatic, 
sometimes massive Cl bisal, also clino 
diagonal fracture splintery , — sectile 
H =15to2, G=84 to36 Trans 
parent to opaque resmous Aurora red, 
streak orange yellow Cec aranic 70, 
sulphur 80 Nagyig LTelsobanys, St 
Gotthar], Vesuvius 


206 OR1IIMENT, As,S 

Right prismitic oP 117° 49 Fie 
quently fohated Cl  brichydiagonal, 
striated vertically , sectile md flexible 
H-15 to 2, G=34to35 Sem- 
transparent, resinous to pearly Citron 
pee and orange yellow Ce 





Fig 346 (sp 205) 
aiscnic 61 sulphur 39 Servia, 
apnik, Andieasberg, Solfatara, Zimapan in Mexico 
207 DimorpuirteE, As,S; 

Right prismatic H =15,G =358 Orange yellow 
208 StisvitF Sb,S; 

Right prismatic P polar edges 109° 26 and 108° 21’, oP 90° 54’ 


Solfatara 


Crystals (fig 347) generally prismatic Cl 
biachy hagonal, perfect scctile H —2, 
G=46t047 Bulhant lead giey, often 
tarnished Cc antimony 71 8, sulphur 
282 Maisley Banffshire Harehill, 
Ayrshire Gleniinning Dumfnesshire , 
Endellion and Padstow, Coinwall Wolfs 
berg Harz, Prabram, Schemnitz, 
Auver.ne Spain Ameria, Melbourne 
Chief ore of antimony 


209 BISMUTHINE Bi,S, 

lught prismatic oP 91°30 Crystals 
pee striited also granular and 
oliated Cl  brachydiagonal  sectile Fr 
H =2to25 G=64to66 Lead grey 1g 347 (sp 208) 
Cc 812 lismuth 188 sulphur Caldbeckfell (Cumberland), 
Redruth (Coinwall), Riddarhyttan and Bistnaes (Sweden), Alten 
berg, Haddam (Connecticut), Ballarat (Victoria), Bolivia 

210 Fienzeuire, Bi Sey or 2Bi,Se, + Bi,S, 

Right prismatic oP 90° Needle ciystals, and massive (Cl 
brachydiagonal H =25 to 3, G@ =625 Blush gry, streak 
greyish blick shining Lustremetallic Muleable Cc bismuth 
67 38 selenium 24138 sulphur 66 Guanajuito (Mexico) 






SUI PHUR SALTS 

211 GUisArITr CuS+25b8, 

Right yrismatic oP 101° 9 
G=503 Steel green with bluish 
streak Cc copper 155 ant 
mony 58 5, sulphur 20) Guejar in 
Sierra Nevada 

212 Mrtarcyritz, AgS+SbS, d 

Oblique prismatic, © 81° 36’ 
P 90° 53’,-P 59° 59’ Crystals / 
pyramidal, or tabular (fig 348) 
massive, sectile H ={ to 25, 


Cl brachydiagona H =35, 


ro 


~ 


Fig 348 (sp 212) 
G=52t053 Metallica'amantine Blackish lead grey to ste«! 
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rey, streak cherry red Cc 87 silver, 41 antimony, 22 sulphur. 


reiberg, Przibram, Potosi 
213 MorococnHITE (Silber Wismuth Glanz), AgS+ BiS, 


Massive Colourgrey, streak hght gren G=692 Cc silver 
28 3, bismuth 54 7, sulphur 17 orococha in Peru 


214 Sarrorite, PbS + As,S, 

Right prismatic Crystalsslender, oP 123°20’ Cl OP H =8, 
G =539 Cc_ lead 42 68, arsenic 30 98, sulphur 26 89 Binnen- 
thal in Switzerland 


215 ZincKkEniTE, PbS+SbS, 

Right prismatic oP (d) 120° 89’, Boo (0) 150° 36 (fig 349) 
Crystals acicular, vertically striated, and twinned <* 
3 or 6 Sectile H =3 to 85, G =—58 to 535 
Steel grey to lead grev, with blue tarnish Cc _ lead 
35 9, antumony 42, sulphur 221 Wolfsbeig 


216 EMPLecTITE, CuS + B.S, 

Right prismatic Tin white Saxony, Wurtemberg, + 
and Copiapo Fig 

217 WoxForxrcriz, (u8+S8b §, 


Right prismatic oP 135° 12, oP2 111° Crystals tabular , 
also fine granular Cl biachydiagonal, perfect , fracture conchoidal 
oruneven H =35,G =4 748 Lead giey to non black, sometimes 
iridescent , streak black, dull Cc 254 copper, 49 antimony, 
and 256 sulphur Wolfsberg 

218 BxrrruinrirE, FeS, SbS, 

Massive , columnar or fibrous, with indistinct cleavage HH = 
28,G=~4to43 Dak steel grey, reddish Tintagel and Padstow 
in Cornwall, Auvergne and Anglars (Creuse) in Fiance, Braunsdorf in 
Saxony In Fiance used as an ore of antimony 

219 PuLaGIoNITE, Pb,Sb, 

Oblique prismatic, C 72° 28’ 
120°49 Crystals thick, tibu 
lar (fig 300), minute, and in 
druses Cl -2P,) erfect, brittle 
H=25, G@=54  Blackish 
lead grey Cc 41 lead, | 
antimony, aud 21 sulphur 
Wolfsberg 


220 KLAPROTHITE, 
+ 2B1,8, 





349” 
(sp 215) 


P 184° 30 and 142°3, -2P 
Right prismatic, long striated ae 


crystals, oP=107° Wittichen, Fig 350 (sp 219) 
Bulach Schurmerite, from Colorado, 3(Ag Pb)S+2Bi$, with G. 
=6 74, 1s similar 


221 BINNITE, 3CuS+2As 8, 
Cubic Typical forms w0 202 0, m0, 606, 404, 10010 
803 H=45 G=448 Metallac Black Binnen 


222 JAMLSONITE, 3PbS + 2Sb,8, 


Right prismatic, @P 101° 20 Crystals oP, wPo, long 
mrismatic, parallel or radiating Cl basal yertect, oP and brachy 
agonal imperfect, sectile H =2t025,G =—55to57 Steel 

rey to dark lead grey BB decrepitates, fuses easily, and wholly 
volatilizes except a small slag Sol in warmn acid Ce 445 
lead, with 2 to 4 iron, 34 9 antimony, and 20 6 sulphur Cornwall, 
Estremadura, Hungary, Sibena, and Brazil 


223 DorrEnorsitTF, 2PbS + As.S, 


Right prismatic oP 93° 39 Generally im thick rectangular 
tables —3,G =556 Lead grey Buttle Binnen, St Gotthard 


224 Fi IEsLEBENITE, 5(Pb, Ag,)S+2Sb S, 

Oblique prismatic, C 87° 46 oP 119°12 , P®co 31°41 (fig 351) 
in prisms with curved reed like faces, and 
strong vertical strie | Twins intersecting, 
ulso massive Cl oP, perfect, fracture con 
shoidal or uneven , rather brittle H =—2 to 
25,G =62to64 Steel grey to dark lead 
grey Cc 22 5 silver, 32 4 lead, 26 8 anti 
mony, and 18 3sulphur Freiberg (Saxony), 
Hiendelaencina (Spain) 


225 PyRARGYRIIL, 3Ag,8+Sb,5, 

Hexagonal 1hombohedral , R (P) 108° 42’, 
~$R 137° 58 , OR, -2R(r), R38, oP2(s), 
and oH (7) Crystils prismatic (fig 352), 
twins common, of vaiious hinds, also massive, 
dendntic, orinvesting Cl R, rather perfect, 
fracture conchoidal to uncycn and splintery Fig 851 (sp 224) 

tile H =2t025 Cmmson 7 to blackish lead , streak 
cochineal to chuiry red Huel Brothers and Huef Duch 2 
Cornwall, Andreasberg, Freiburg Johann Georgenstadt, Annaberg, 


8CuS 
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Schneeberg, Mamenberg, Prabram, Schemnitz and Kremnitz, 
Kongsberg, Mexico, Nevada, &c 

226 Provstitr, $Ag,5+ As,S, 

Rhombohedral, like pyrargyrite, except R 107° 50’ (fi 3 
G =55 to 56 Beal F ' ee 
transparent to trans- 
Incent on the edges 4! 
Cochineal to crimson red 
Ce 655 silver, 151 
arsen.c, and 19 4 sulphur 
Streak aurora red BB 
arsenical odour, and 
difficultly reduced to 
metallic silver At the 
same localities as pyrar 

rite, both are valu 
able ores of silver Red 
orpiment has a lower 
specific giavity, and 
Lire gg ogee 
volatilizes efore the 
blowpipe Fig 352 (sp 22p) 

227 BouLancEriTe, 3PbS+SbS, 


Fine granular, columnar, 11diating, or fibrous, shghtly sectile 
H=8,G=58to 6 Silky, metallic Blackish lead grey, with 
darker streah BB likejamesomite Cc 659 lead, 22 8 antimony, 
and 18 2 sulphur Molieres in France, Oberlahr (Rhenish 
Prussia), Lapland, and Siberia Plumbostrd or Embrethute, from 
Nertchinsk, 1s only a variety 

228 KoBELLI1E, 3PbS, Bi,8,+38PbS, Sb,S, 

Radiated columnar, soft G=62to63 Cc 53lead, 20 bis- 
muth, 10 antimony, and 17 sulphur Hyena in Nenke (Sweden) 


229 WirricHENIrE (Cupreous Bismuth), 3CuS + BiS, 


Right prismatic , m tabular crystals like bournonite Wittichen 
mm the Black Forest 


230 Bot rnowrre (3CuS + Sb,S5) + 2(8PbS + Sb,S5) 

Right prismatic oP (d) 98°40 Beo(n) 96°18, Boo (e) 92° 34, 
OP (r), oPco(s) oPoo(h) (fig 854) Cl brachydiagonal, im 
perfect, fracture uneven to conchoidal, 2 
rather brittle H =25 to 3, G=57 
to59 Lustre brilliant metallic Steel 
grey Cc 424 lead 13 copper, 25 
antimony, and 196 sulphur druth 
and Bceralston , Harz (Neudorf) Brauns 
dorf, Kapmik, Servoz, Alais and Pontgi 
baud in France 

Wolchvte from Wolch in Cannthia 18 
only a variety 

231 AIKINITE (Needle ore), 
+ Bi,S,) + 3(CuS + B1,85) 

Right pmsmatic, long thin crystals 
ambedded mm quartz, often vent or broken, 
rather bnittle H=-25 G =67t068 
Blackish lead grey or steel grey, with a brownish tainish 
36 lead, 11 copper, 36 bismuth, and 17 sulphur 
Georgia 

232 Sritotyp, 3(CuAgke)S+Sb,8, 
a pusmatic OP 92°30 Hd G =48 Black Copiapo, 

1 


Pp 
T 


iy 


Fig 353 (sp 226) 





2(3PbS 


ig 854(sp 230) 
Cc 
Berezoff (Siberia), 


233 ANNIVITD, 4CuS+(AsS5, Sb.S;, B1,S,) 

Massive, similar to the foresomng From Anatver 1n Valais 
Studervie is similar, but with 15 o of antimony 

234 JULIANITB, 8Cu,S + As,S, 

Cubic G=—512 Metallic 
Silesia 

285 MLNEGHINIIr, 4PbS +Sb,S, 

Oblique prismatic, C 72° 8’ oP 140° 24 Po 70° 
small, acicular, chiefly of oP, oP, oP ran, mostly 
fibrous H=3 G=64 Bottinoim Tuscany, Schwarzenbirz mn 
Saxony 

236 JORDANIin, 4PbS+ As,S, 

Right prismatic, oP 128° 29 
Streak black G=638 Ce 
186 Buinnen and Nagyag 


237 TETRAHEDRITS (Fahlerz), 4Cu,3+$b.5,. 
Tesscral and tetrahedral In crystals : : : a (figs 


- =, 00 
2 ? @o ? 
855 to 358, also 65, 66, 206) Twins (figs 164, 207), cencrally 
massive (1 octahedral, fracture conchoidal , bnttle H =3 44, 


Reddish grey Rudelstadt in 


Cl brachy diagonal, perfect 
lead 68 9, arsenn 12 5, sulphur 


202 


Crystals , 
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G=45 to52 Steel grey to iruu-black, streak black (dak red 
when contaiming zinc) BB on mane ae slightly, and fuses 
to a steel grey slag, usually magnetic, and with soda gives copper 
Ce Sesetilly Cu,$ in combination with Sb,S, Airthrey near 





Fig 358 
Stirling, Sandlodge im Shetland, Tomnadashin on Loch Tay, Kirk- 


Fig 357 


Crinnis and other Cornish mines near St Austell, Harz, 
kremnitz and Kapnik so 
re o 


eudbright, 
Musen, Freiberg Camsdorf, Alsace, 
with 17 to 81 silver are the Silver Fahlore (Fieiberg) 
copper and silver 


238 Trxvaxtith, (CuS, Fed) AsS; 

Cubic (hike fig 237) Cl oO Bnittle H =4,G =43to45 
Iron black , stiesk dark red grey Cc 49 copper, 4 sron, 19 
arsenic, and 28 sulphur Redruth and St Day (Cornwall) and 
Skutterud Copper blende, with brownish red streah, G =4 3, con- 
tains 8 9 zinc, Freiberg 


239 PoLYTELITE ( JV evssgiltigerz), 4RS +Sb,S, 


Like tetrahedrite H =25,G —-54to57 Cc _ silver 6 to 22, 
lead 38 to 52, antimony 8 5 to 22, sulphur 138 to 225 = Freiberg 


240 STEIHANIFE, 5Ag,S+Sb,8, 

Right yusmatic oP (0) 1lo° 39, P (P) middle edge 104° 20, 
2Pa(d) middle edge 107° 48 OP (s), @Poo(p) (figs 383, 384) 
Cl dand p, both rmpertect , fracture conchoidal or uneven _ sectile 
H =2 to20, G =62 to 63 Iron black to blackish lead gre 
Cc 685 silver, 153 antimony, and 162 sulphur Cornwall, 
Freiberg, Schneeberg, Annalerg, Joachimsthal, bram, Schem- 
nitz, Mexico, Peru, and Siberia Valuable ore of silver 


241 GEocRONITE, 5PbS+ (Sb, As),S3 

Right prismatic Fracture conchoidal, sectle H =2to3 G = 
64510654 Pale lead grey Cc 67 lead, with 1 to 2 copper and 
iron, 16 antimony, with 47 arsemc ani 17 sulphur Sala in 
Sweden, Meredo (Oviedo) in Spain, and near Pictrosanto in Tuscany 


242 KILBRicKEniTF, 6PbS+Sb,S, 


Massive , granular or foliated Ce 7001 lead, 13 76 antimony, 
and 16 23 sulphur County Clare in jheland 


243 PoLyBasii£, 9(Ag, Cu )S+(Sb, As), 

Heaagonal, P 117° Chystals OP oP and OP, P, tabular. 
Cl basil, imperfect , sectile, and easily frangible H =2 to 25, 
G =6 to 625 Iron blak, m very thin lamella, translucent, 
ud Ce 64 to 72 silver, 3 to 10 copper, 16 to 17 sul; hur, 0 2 to 
8 antimony, and 1 to 6 atsenc Freiberg, Joachimsthal, Scheme 
nitz, Guanajuato, Nevada widIdaho Rich ore of «alver 

244 Potyareyritg, 12AgS+Sb $8, 

Cubic Typical form 0,000, 020,mOn Cleube H =25, 
G=—697 Metallu, won black streak blah Malleable Ce 
78 2 silver, 7 4 antimony, 145 sulphur Wolfwh in Baden 

245 ENaRGITE, 3Cu,8 + As,S, 

Right pnsmatic Cl oP 97°53 perfect, brachydiax nal 100° 58 
and macrodiagonal less so = Typual form oP OP, Po, oPe, 


Bittle H=3,G=43to45 lonblakh ¢€« 483 copper, 
19 1 arsenic, and 32 6 sulphur Morococha in Peru 
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246 CxarirE, 8CuS + AsS 
Oblique yusmatic (1 chinoli,ond Ordinary form oP, 
woPtas OP mP H =35 G =44¢ Darkbluish giey Kinzig 


thalin Balen Zu onede 15 similar 


247 LamatnirL, 8CuS + SbS 

Right prismatic Lypical form OP, @P, Po, oP3 Masse or 
reniiorm H 385 G 457 Copper red togrey streak black 
Famatina Mts in th Argentine Kcpublic, and Cerro de Pasco in 
Peru 

248 Carviati1r, 2PbS+3Bi,8; 

Fohated, massive G =69 Metallic 
Peru 


249 I PIGENITE, 6RS+ As S, 
Right prismatic oP 110° 50 
chen 


250 IrIBOULANGFRI1E 38PbS+Sb,S, 


Right }rismatic G=6 3 Metallic 
in Silesia 


251 Aaninocon, 2 3A,S+As,S,)+(38AzZS + AsS,) 

Hexazonil rhombohedit] R 0K110°30 Crystals thin hex 
agonil tables little casily fringille H =2 to 25, G =5 to 
52 iiinslucent adamantine On nge yellow or biown = streak 
darker In the closcd tube fuses easily beccmes lead grey Cc 
63 4 silver, 14 7 arsenic, and 219 sulyhur Himmelsfurst mine at 
Freier 


2 2 PyRosTILPNIIt (Fire blende) 

Oblique prismatic crystals hke stilbite OP 139°12 Twins on 
orthodiagonll H =2 G =42_ Lustre peatly, and adamantine 
Colour hya mth redand buht ycllon Sectile Ce 623 silver, 
wit] sulphur and antimony Freiberg Andreasberg, Przibram 


Lead grey Chiviato in 


Stel grey H=35 Witt 


Bluc black Altenburg 


OXYSULPHULLTS. 

253 Aitmrstir, $b0,+ 28bs, 

Oblique prismatic crystils Po OP acicular and diverging 
sectile H —1to15,G=45to46 ILranslucent , adamantine 
Cherry red streak sumilar Sol mh 111 In potash solution 
becomes yellow, and dissolves Cc 753 antimony 19 8 sulphur 


49 oxygen Buiaunsdorf Pizibiam, Pernek near Bosing (Hungary), 
Allemont, Southham (Can id.) 


254 Voutzinx, Zn0+ 4Zns 


Incrustng H=-40 G —37 
Joachimsthal 


255 KALELINITE, 3B10 + BiS 
H =2 G=66 Metall Leal grey Zavodinskiin the Alta 


206 Boirvitr, Bi O3;+118, 
Rhombohe lal From Bolivia 


\cllow  Pontgibaud and 


SELENITES 


257 CHALCOMFN\IIE CuSe+2H [=Cu0, SeO +2H,0] 

Oblique prismatic C108 20 G=376 Bmeht blue ‘Trans 
parent Cc sclenious wid 48 2 coy per oxide 35 4, water 15 3 
Cerio de Cicheuta (Mendoza Argentine Republic) 


NITRATES \\D BORATES 


258 Niiraring, Na,N [—Na,O NO] 


Rhombohedril R 106° 20  Tarrpaca in Peru Used in the 
atts as a substitute for nitre, but deliqucsces in moist air 


259 Nivir Saltpetre), kN [=h,0 N,O,] 
Right prismatic wP (Bf) 118° 49 , 2Pao (P) 70°55 , Boo 109° 52 


oPo(h) (fig 275) isomorphous with aiagomte Acicular, 
capillary, or pulyerulent (1 indistinct fractureconchoidal H = 
2, G=19to 2 Semitransparent yitreous or silky Colour 
less, white or grey ‘Taste saline and coolmg = Deflagrates 
when pluel on hot charcoal and BB on platina wire mults very 
easily, colouring th flamcyi kt Ce 466 potish and 53 4 mitric 
acid, but always more o1 le s ampur —s In the limestone caves of 
many countnes, Hungary S; un India Used for producing nitric . 
acid, in glass making, medicine and the manufacture of gunpowder | 


260 Nirrocatcire, CaN ,+H | 

oe or ue White o guy Ce 308 lime, 59 3 
nitric acid, and 99 water Limestone caves of hentuck st 
walls and inmestone rocks ros 

261 NitromMacxcsiTe, MgN +H 

Taste hitter In the s.me places, and similar to mtrocalcte 


, 4xes form an angle of 1274°, and usually many times 
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262 Boracitr, 2Mg;B,+ MgCl 

Tesseral and hemibedral (figs 63, 258, 
ifect, fracture conchoidal , 
7, G=29 to 3 Tiansparent o 
translucent, vitreous or adamantine 
Colourless or whne, often greyish, yellow 
ish, or greenish Becomes polar electric by 
hett B fuses with difficulty to a clear 
yellowish bead, which on cooling forms a 
white opaque mass of needle like crystals , 
at the samc time colours the flame green 
Sol mh acid Ce _ 625 boracic acid, 
26 9 magnesia, 79 chlotine, and 27 mag- 
nesium Luneberg, Sezebcig m Holstem, 

mt 


263 STASSFURLITE 

In very minute pnsmatic crystals White Cc same as borae 
cite, ind thus perhaps dimoiphous Stassfut 

264 Ruopizi1x, 2Ca,B, (*) 


H =8 and G =33 to 342, agrees in most characters with 
boracite Pyro electric Mursinsk in Siberia 


265 LupwiciTE, 2MgB+FeFe, 
Fibious masses Fiom limestone at Morawitza in the Banat 


266 Borax (Tikal) Na,2B+10H, 

Oblique prismatic, C 73° 25 oP 87°, P 122° 84 (fig 860) 
Almost isomorphous with augite, bnttle H =2 
to25,G =17tol 8 Pellucid, resinous Colour 
less, or yellowish gieenish, and greyish white 
Taste feebly alkaline and sweetish Cc 164 
soda, 36 » boracicacid and 47 1 water, but often 
with 2 phosphonic acid 01 other impurities Shoies 
of salt lakes in ‘Tibet and Nepal, in California, 
and near Potosi 


267 Bol ocatcitr, (a2B+6H, 

Similar to uleaite (sp 268), and from same 
locality 

268 ULFxiTe, Na. 2B+2Ca2B+18H, 

Fibrous H =1 G=16 White Tasteless Iquique and Nova 
Scotia 

269 SZAIBFLYITF 2Mg,2B+3H, 

H=30,G<=27 Werksthal in Hungary 


270 Hyprosol aci1zE, 2Ca3B,+ 2Mg3B;+12H, 
Radiating and foliated Caucasus A simula: mineral, with soda 
in place of magnesia, 1s found in Peru 


271 SvssexitrE, (Mn, Mg),.B+H, 
Fibrous, silky White H =3, G =34 
county, Ncw Jersey) 


ANHYDROUS CARBONATES 


272 CaLcits (Cale spar, Calcarecous Spar), CaC 

Hexagonal and rhombohedral , R105°5 (fig 101) The forms 
and combinations exceed those of any other mineral Among them 
are moe than fifty rhombohr drons, especially -$R 135°, R, -2B 
79°, and 4R 66°, with OR and oR as himiting forms There an 
one hundred and fifty five distinct scalenohedrons, as R3, R2 
}R3 , and the second hexagonal prism oP2 Hexagonal pyramide 
areamong the rarer forms Some of the most usual combinations are 
oR -4R (¢, g, fig 179), or -$R oR, very frequent , also oR, 
OR, likewise -2R, R (J, P, fig 107), R8, oR,-2R, R5 (y), R3 


brittle 


oo) Cl octahedral, um 





Fig 359 





Fig 360(sp 266) 


Franklin (Sussex. 


(r), B (P), 4R (m), oR (c) (hg 109), R, R8 (fig 108) Several 
hundred distinct combmations are known 

Hemitropes and twins are not uncommon These occur 
with the axes parallel (figs 106, 146, 148, 180, 366, 867) Others 
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Fig 362 


a 
Fig 361 Fig 3638 


Fig 864 


re conjoined bya facc of R the axes being alimost at mght angles, 
&9° 8 (figs 183, 369) or by a face of —4R, 1n which the chief 


repeated, 
so that the centre crystals appear in Jamelle not thicker than 
paper (fig 181), at an obtuse angle, as figs 149, 863, or an acute 
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angle, as figs 364 368 Also occms granular, lamcllar parallel 
or radiated fibious, compact and earthy Cl hombohedtal along 
R, very perfect and easily obtained, so that the conchoidal 
fracture 1s rarely observable, bnittle H —3,G =26to28, pure 
transparent erystalbh=272 Pellueid im all 

degiees Very distinct double refraction 

Lustre vitreous but several faces resinous and 

a peauy moe sequsntly colourless o1 

white, but often grey, blue, green, yellow, 

red, brown, or black , streak fevaiy oiiie Sa 
BB infusible, but becomes caustic and emits me 

a bright hght Effervesces, and 1s entirely 
sol inh orn acid The fine powder, igmited 
on platina foul over the spint lamp, forms 4 Fig 365 
somewhat connected mass, and even adheres to the }litina Ce 
of the purest vaiicties, carbonate of lime with 44 cail onic acid and 
56 lime, but usually contains magnesia and protovide of iron or 
of manganese Remarh»ble specimens of the crystallize1 vanety 
or proper calc spar are found at Alston 
Moor im Cumberlanl (flat rhombic 
crystals) and in Deibyshue (yale yellow 





Fig 366 Fig 367 

transparent pyrimuds) at Stiontian Elie m Fife (fi,» 370, 371, 
372), rire: and othe: parts of the Hazz (six sided prisins) 
and at Freiberg, Tharand and Maxen in Saxony 

Certain vaiteties are distinguished Iceland Spar remarkalle 
for its transparency and double rv 
fraction occuis massive and in hu_e 
erystils in a tiap rock in Icelani 
Slate Spar thin lamellar, often 
with 4 shining white ;errly lustre 
and greasy feel Abcrgairn and Glen 





Fig 368 Fig 369 


Tilt in Scotland Wackhlow in lheland, and Norway  Aphiie, fine 
scaly , from Hesse wnd Thuringiu Vartic 1s the missive cys 
talline variety of this mineral produce i by igneous action on com 

act limestone Paros, Naxos, ani 
onedus furnished the chief supply to 
the Grecian artists, Carrara ner the 
Gulf of Genoa to those of molein 
times Some of the coloured marbles 





Fig 370 


of the ancients were ympure limestones, as the Cipollno, roned 
with green tale or chlonte, and Verde Antique, mixcd with green 


Fig 371 
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serpentine Aum Murble shows irr,ulir markings hke ruins, 
Val d Arno (Floientine marble), and Bristol (Cotham marble) 
Lucullate from Egypt, and Anthraconie, from Campbelltown an | 
hilkenny, are black from carbon Lumachello, from Blalerg in 
Carinthi: exhibits beautiful imdescent colours from fossil shells 
sometiuncs deep red or orang (Le Afarble)  Haslopite from 
Poonah, 1s green from <cladomite 

Limestone occuts 1n all formations under various names, as Ooltfe, 
egg stone, orroe stone —round concretions ithaconcentnicstructure 
lke the1oe of a fish 2 olvte, or yerstone 
_I™ilai structure Chalk, soft earthy 
Lnthographic Stove ycllowish and compact, 
from Solenhofen, and Marl, calcareous 
matter more or less mixed with clay 
Calcareous Tufa, generilly a recent dep sit 
from calcareous sprin,zs, has often a loose 
friable texture, but at other times 1s hard 
and compact, and in the neighbourhood of 
Rome forms the common building stone 
Travertzno The sandstone of Fontaine 
bleau 1s carbonate of lime (4) mixed with 
quartz sand (%), and occasionally crystal 
lizing 1n rhombohedrons 

This mmeral 15 employed in many 
ways —the coarser vatieties when burnt 
to diive off the curbom: acid as lime for 
mortar manure tanning, 13 @ flux im 
melting non nd other ores, or in pre 
yaring glass and for similar purposes the 
finu, as marbles for sculpture architec 





Fig 372 
and ornamental stonc work the chalk for writing, white 
washing, o1 producin, carbonic acid 


Plumbocaleite —C] 104° 53 White and pearly, softer than 
calc spat but G =2 824 Contams 23 to 7 8 carbonate of lead 
Wanlochhead and Leadhills (Se tland) 


273 Do.owitr (b ter spa) CL + MC 

Hexagonal rhombohedral R 106° 1 20 most frequent form 
R = She rhombohedions often wivel and salileshayel also 
granular or comy act often cellular ami porons Cl rhombohedral 
H=35to40 G—2bv to 29 Irinslucent vitieous but 
often pearls Colourless or white but frequently pale re] yellow, 
or green BB infusitle but becomes caustic ani often shows 
traces of iron and 1itn,anese bia. ments effervesce very shghtly 
o1 not at allin hydrochloric acid the 7 ow lu 1s partially soluble, 
or wholly when h atel Ce 543 carbonate of lame and 457 
cubonate of magnesi1 Lut generuly carbonate of lime with more 
than 20 per cent calcnate of magnesir and less than 20 per cent 
earbonate of on 

Varieties re—Dolomite massive gianulai, easily divisible white, 
Rhomb 01 Butter-spar, luge graincd or distinctly crystallized and 
cleivable often inclining to gieen and Brow z spar and Pearl spar, 
in simple crystals generally curved (fiz 281) or m imitative forms, 
of coloutsinclining to relor biown more distinct pearly lustie, and 
unde: 10 per cent carbonate of uon Leadhills and Charlestown 
in Scotland, Alston in Cumberland, in Derbyshue, Traversella in 
Piedmont, St Gotthard Gap in France Greenish, twinned Miemo 
in Tuscany (VWeemete) anil Tharand in Saxony (Tharandi'e) 

The massive ani compict vaiietics ale very common and are 
valued as building stones (cathedral of Mulan \ork Minster, and the 
Houses of Parliament at Westminster) The Pirin marble, and 
also the Sutherland ani Iona maibles, belong to this species 


274 ANNKERITE, Cal +(MgFe)C 

R 100° 12 = Usually massive and 
Otherwise like siderite 

275 MacnezsiTe, Mgt 


Rhombohedial , 107° 10 -80 
G =2 85 to 295 


ranular G =29to31. 


Unst (Shetlin 1), Styna 


Reniform or massive H =35, 
Subtransluent or opaque, streak shinin 


Snow white, greyish or yellowish white, and pale yellow Tyrol, 
Norway, North Ametica 

276 BREtN\ERITE (Guobertitc), MgC + (MnFe)C 

Hexagonal rhombohedral R107°10-30 Granular or columnar 


Cl R, very perfect H =4t045,G =29to31 Tianspanntor 
tianslucent on the eiges, highly vitreous Colourless but often 
yellowish brown or blackish grey Cc essentially carbonate of 
magnesia, with 517 carbonic acid and 48 3 magnesia, but often 
mixed with 8 to 17 carbonate of 1ron or manganese nst, Tyrol (in 
Fassa Valley, &c ), St Gotthard, Harz. 


277 SrpeRitEe (Sparry lion, Chalybute), FeC 

Hexagonal and rhombohedral R107° Chiefly R often curved, 
saddle shaped (fig 282), or lenticulur Cl rhombohedral alorg R, 
perfect, brittle H =85to4» G=<37 to 39 Translucent in 
various degrees, becoming oprque When weathered vitreous or pearly 
Rarely white, gencrally yellowish grvy or yellowish vlown changing 
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to red or blackish brown on exposure 3B B infusible, but becomes 
black and magnetic with bora, and silt of phosphorus shows 
reaction for iron, with soda often for mangancse _In acids soluble 
with effervescence Uc carbonate of on, with 62 1 protoxide of 
ron and 379 carbonic acid but usually 05 to 10 or even 25 
srotoxide of manganese, 0 2 to 15 magnesia, and 01 to 2 hme 
Onst kintyr In leds or masses 1n Beeralston im Devonshire, 
Alston Moor sn Cumberland, and in many of the tin mines in 
Cornwall mm Sty Carnntlia, and Westphalia, in ves in Anhalt 
and the Harz ‘so in the Pyrenees and the Basque provinces of 
Spain as near Bilboa mm ervstals at Joachimsthal, Freiberg, 
hlausthal 

Clay Lonstone grvy, blue biown, 01 blak —G =2 8to3 5,H = 
8 0 to 45 —1s an impute vanety 


278 Draxocrir (ded Afing inese) Mnt 

Hexagon shombohedril FR 106°56 — Crystals often curved, 
lenticula o1 svldle shap 1 also spherical, reniform, and columnar 
orgranula: (18 peilect H =35to45 G=83t086 Trans 
lucent vitieous or uly Rose red to flesh red, streak white 
Cc 62 manginese protorde and 38 carbonic acid Freiberg, 
Schemmtz, hapnth 'a,\ ig Elbingerode, and near Sargins 


279 COBALTSIATH CoCo 


Rhombohcdral and sy heroid il 
blossom red but dark externally 


280 Smi1ns.NiTF (Calamine) ZnC 

Hexagonal 1hombohedial R107° 40 Usually reniform, stal 
actitic and luminar or granular Cl R, perfect but curved, fracture 
uneven conchoidal buttle H=-5 G=41to45 Translucent 
or oprjue , }éarly or vitreous Colourlcss but often pale greyish 
yellow biown or green Cc 648 znc oxide and 30 2 carbonic 
acid Mendip in Somersetshire, Matlock in Derbyshire compact at 
Alston Moor Chessy n ar Lyons Altenberg near Aix la Chapelle, 
Bnilon in Westphalia Janowitz in Silesia Hurgay, Sioena 


281 AYAGONITE, CaC 

Right prismatic oP 116°10 , Po 108°26 The most common 
combinations are ol 0 (h) oP (Af), Poo (A, P) (fig 275), generally 
long prismatic (like the separate crystals in fig 184), oPo, oP, 


OP, generally hoit y1ismatx crystals of 6P4, oP, Po, 6Pxo (q) 
(fig 373) acute pyramidal But sim) le crystals are 
rare, from the great tenden y to form twins, con 
jee by a face of oP and reyeated either in 
neat arringement (fig 185) or 1n rosette grou} 
ing (fig 186) Also columnar fibrous and in 
crusts stalactites, and othe: forms (1 brachy 
diagonal distinct fracture conchoidal or uneven 
H=35to4 G =29to3(massive27) Trans 
parent o1 tianslucent, vitreous Colouzless, but 
yellowish white to bricked also hight green 
violct blue or grey In the closcd tube, before 
reaching a rel heit it swells and falls down into 
a white coaise powder, evolving 4 little water 
Unst and Leadhills Valencit Molina and else 
where m A1agon Leogang m Salslurg and Anti 
webs Flos forra coralloi! in the iron mines of 

tyma. Satin spar fine fibrous silky at Dufton 
(Westmoreland) Stalactiti coast of Guloway 
Leaihills, Buchinghamshne and Devonshne Also 
deposited 1s tufa by the Cailstad ani other hot 


springs 
282 WirHERIik, Bal 


Right prismatic oP (g) 118° 30 2he J) 112° C15 stals 
not common lhe fig 275 but generally with quite an hexagonal 
aspect from being twinned hike aragonite 
(fig 374) Oftcner spherical botrvoidal on 
reniform withridiated columnar structurt 
Cl oP distinct fractur. uneven H 3 
to35 G=42to43 Semitranspaient 
or translucent vitreous o: resinous on 
the fracture Colourless but generally 
yellowish or greyish BI fuses easily 
to a transpirent globule oj que when 
cold , on charcoal boils becomes eaust: 
and sinks into the suppcit soluble with 
effervescence mn orh ail Ce 22 
carbonic acid and 777 latryta  Alst n 
Moor and Hexham in Northumber n] 
also in Styria, Salzburg, Hungary, Sicily 
Siberia, and Chili 


283 AISTONITE, Bal + Cal 


H =4,G =4to418 Peach 
Schneeberg 





Fig 373, 





Fig 374 


Right pnsmatic oP 118° 50 2Po 111°50 usual combination 
P, 2Po, oP resembling an! exagonal pyramid (fig 875) Cl oP 


MINERALOGY 


and oPe, rather distinct H =4 to 45; G —8 65 to 876. 
876 Translucent , weak resinous 
Colourless or greyish white C 

66 carbonote of baryta and 34 
carbonate of lime Fallowfield near 
Hexham, and Alston Moor 


284 SrrontianitTn, SrC. 

Right pmsmatic oP 117° 19, 
Po 108° 12 Crystals (fg 376) 
and twins like aragonite, also broad 
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columnar and fibrous Cl pms ————— 
matic along oP (A) H =35, =? —ay 
| ——1_ 


G=36 to 38 Translucent or 
tiansparent , vitreous 01 lesinous 
on fracture Colourless, but often 
light asparagus or apple green, more 
rarely preyish, yellowish, or blown f 
ish BB fuses in a strong heat ty 
only on very thin edges, intumesces 

in cauliflowe: like forms, shines Fig 375 (sp 283) 
brightly, and coloms the flame ied, easily soluble in acids, with 
effervescence Cc 80 cirlonic acid and 70 strontia but often 
contains carbonate of lime (6 to 8) 
Strontian im Argyllshire, Suther 
land, Leogang 1n Salzburg, Brauns 
dorf in Saxony, Hamm in West 
phala, the Harz, at Schohane 
(NY) and elsewhere mm United 
States (Himmonite) It 1s used 
to produce red fire in pyrotechnic 
exhibitions 


285 MANGANOCALCITE, (Mn, Ca, ke) C 

Right prismatic , m prisms like aragonite, and bears the same 
relation to dialogite that aragonite does to calc spar H =—4 to 5, 
G@=303 Red orreddish white Vitreous Schemnitz 


286 CrRussitF (Lead Spar), PbC 
Right prismatic isomorphous with aragonite and nitre oP 


(Af) 117° 14, Poo 108°16, 2Pco (u) 69° 20 , 


also OP, P(t) }Pco (s), «Poo (7), ol (e) 
(fig 377) Twins common (figs 158, 159 378, 
379) Also gianular or earthy Cl oP and 


2P oo, rather distinct fracture conchoidal 
easily frangible H =3 to 35, G =6 4 to 
66 Transparent or translucent , adamantine 
ot resinous Colourless and often white, but 
also grey, Pg brown, black rarely green, 
blue, or red streak white BB decrepitates 
violently, but easily fused and uced , 
soluble with effervescence inn acid Ce 
83 5 protoxide of lead and 16 5 carbonic acid 
Very common  Leadhills, Wanlockhead, Fig 377 
keswick, Alston Moor, Beeralston in Devon 

shire, St Minver m Cornwall, Pizibram, Mies, and Bleistadt ; 






"Fig 876 








I wnowitz, Johann Georgenstadt, Zellerfeld, Klausthal, and many 
other places 


287 Baryto Carcitr, Bat +CaC. 





Fig 880 
Oblique prismatic, C 69° 


Fig 381 
coP (m) 84° 52’, P (8) 106° 54’, 


MINERALOGY 


Peco (h)61° (figs 880, 381), also columnar and granular Cl P 
perfect, Pec less perfect. H =4,G=36to37 Transparent 
or translucent , vitreous, inclining to resinous Yellowish white 
Ce hike alstonite Alston Moor 


288 Bismuro sPHARITE, Bi,C 
eal fibrous brown concretions from Neustadtel, new Schnee- 
Tg 
HYDROUS CARBONATES 
289 THERWONATRITE, Na,l +H 


1 
Right prismatic oP2 (d) 107° 50’, Poo fo) 83° 50, with wPoo 

(P) 1n rectangular tables (fg 382) Cl 
brachydiagonal, perfect H —15,G =1o 
to 16 olourless BB like natron, 
but does not melt Ce 50 1soda, 35 4 
carbonic acid, and 14. water Nation 
lakes of Lagunilia in Venezuela, of Lower 
Egypt, and of the steppes between Urals 
and Altai 


290 Natron, Na.C+10H,. 

Oblique prismatic, C 57°40 1 ystals 
artificial, with oP 79° 41 , P 76° 28 
A orthodiagonal, ae H =ltolo 

=14 to 15 ellucid , vitreous 
Colourless or greyish white BB melts Ps 982 (sp 289) 
easily, colouring the flame yellow Cc 22 soda 15 carbonic 
acid, and 63 water , but mixed with chlonde of sodium and othei 
salts Only as an efflorescence on the ground on rocks (lava of 
Vesuvius in! Etna) in various countnes (Hungary, Lzypt Tartary), 
and in mineral springs and lakes Used in the manufacture of 
soap, 1n dyeing, and in bleaching 


291 Trona, Urao, Na.C,+4H, 


acm 


Oblique prismatic Crystals OP (7), @P%o (Af) P(x) TF M 
103° 15 (fig 383) Cl orthodiagonal, perfect 
H ~25 to 3, G =21 to 22 ‘Transparent to 
translucent Colouless Does not decompose m | «\> 
the air laste alkaline Cc 38 soda, 40 car ara ( 
bonic acil, and 22 water Fezzan and Baibary 
(Zona), Lagunilla (Urao) = 

1g 


292 Gax ussite, Na,C+Cal+ 5H, 

Oblique prismatic, C 78° 27 Cl oP, imperfect, fracture 
conchoidal H =25,G=19 to 195. ‘lransparent, vitreous 
Colourless Cc 845 carbonate of soda, 33 6 carbonate of lime, 
80 4 water, with 1 6 clay Logunilla 


293 HypromaGNeEsitr, Mg,0,+4H, 

Oblique prismatic oP 88° nearly Crystals small, rare , also 
massive =15 to 8,G =214 to 218 Vitieous o1 silky 
White Cc 3862 carbomiec acid, 44 magnesia, and 198 water 
Unst (Shetland), Moravia, Kumi in Negropont, Hoboken in New 
Jersey, and Texas in Pennsylvania 


294 Azcnits (Blue Copper), Cu,C,+ H, 

Oblique pmsmatic, & 87°89 oP (Af) 99° 32 ,-P (z) 106° 14 
Crystals OP, oP, wP%x.,-P (or h, VW, s,4, m fig 384, but in 
another position) , also radiated and earthy Cl clinodomiti (P) 
59° 14, rather perfect frac 
ture conchoidal or splintery 
H =3 5 to42, @ «37 to3 8 
‘lranslucent or opaque, vitre 
ons Azure blue, the earthy rf 
varieties (and streak) smalt 
blue BB on charcoal fuses 
and yields a giain of copper, 
soluble with effervescence in 
acids, and also m ammonia. 
Ce 691 protoxide of copper, 
25 7 carbonic acid, and 5 2 water 






Fig 384 


Crystals at Redruth, Alston 
Moor, Chessy near Lyons, in Siberia, Moldawa in the Banat, Burra 


Burra (Australia) Valued as an ore of copper 


295 Matacuire, Cu,C + H,. 

Obhque prismatic, C 61°50’ oP 104° 20 Crystals oP (1), 
coP%co (s), OP (P), mn hemitropes (fig 885) In general acicular, 
scale or reniform, stalactitic, and radiated fibrous 
Cl basal and clinodiagonal, very perfect H =35 Re \ 
to4, @=86to4 Transparent or translucent on 
the edges, adamantine, vitreous, silky, or dull 
Emerald and other shades of green, streak apple 
pes BB are Met ye hke mig ‘ t | 

18 copper protoxide (= copper), 20 carbonic |“ -p™ 
acid, and 8 ot water Cryntalline st Rheinbreiten 
bach on the Rhine and Zellerfeld in the Harz, hbrous Fig 385 
and compact at Sandlodge in Shetland, Leadhills, Cornwall, Wales 


399 


Thuringia, Moldawa in the Banat, in North America, Afnca and 
Australia Frequently pecndiomory out after copper and its ores, 
also after calcite and cerussite Valuable ore of copper , the finer 
varieties are prized for ornamental purposes 


296 HyprozinciTe, ZnC + 2ZnH, 
Massive Cec zinc oxide 75 3, carbonic acid 18 6, water 112, 
Spain, Westphaha, Bavana, Persia, United States Valuable ore 


297 AURICHALCITE, 2CuC+3ZnH, 

Acicular H =2 Translucent, peatly, and veidigris green. 
Ce 292copper protoxide, 447 zinc oxide, 16 2 carbonic acid, 
and 99water Leadhills, Matlock, Loktevsk: in the Altai 


298 Emeratp Nicxer (Zaratite), NiL+6H, 

Amorphous, reniform, and mcrustng H =—3 G —26 1027. 
Tianslucent, vitreous Emerald green Cc 593 nickel pro- 
toxide, 11 7 carbonic acid, and 29 water On chromite at Hagdale 
in Unst, Texas in Pennsylvania, also Cape Ortegal in Spain, 
Tyrol, and Ekaterinburg 1n the Uris 


299 LiNDAKERITE, U,C+2Cal+10H, 
In small siskin green crystalline aggregates H =25 to 


From Lhas mine near Joachimsthal, :mplanted on pitch blende 


300 Voorire, 4UC+7CaC+3Cul + 24H, 
Rhomboidal Emerald green scales witn pearly lustre Khas 
mine, Jovchimsthal 


301 Liesiaire, U,C+CaC +20H, 
Mammiullary concretions H =2to25 Apple green Adrian- 
ople, Joachimsthal, and Johann Georgenstadt 


302 BismurHiTE b1,C,+4H, 

Disseminated, investing or aciculir, fracture conchoidal or un- 
even, very bnittle H =4t045,G =68t)691 Opaque, dull 
vitreous Grey, yellow, orgreen Cc 901 bismuth oxide, 6 4 
carbonic acid and 35water Ullersreuth (Reuss), Schneeberg, 
Johann Georgenstadt , also Chesterfield in South Carolina 


} LANTHANITE, Li0+3H 
Right prismatic oP 92°46 Small tabular crystals , usually 
nular or earthy Cl basal H =2 G =27  Dullor pearly 
‘Vite or yellowish Cc 2lcarbonic acid 55 lanthanum oxide, 
and 24 water Bastnaes in Sweden, Lehigh in Pennsylvania 


CARBONATES WITH HALOID SALTS, &c 


804 PuoscENiTE, PbCl+ PbO 
Pyramidal P 113° 56 Crystals short prismatic or sharp- 
pyramidal Cl oP, rather perfect , fracture 
conchoidal H =25 to 3, G=6 to 62 
Transparent or translucent , resinous adaman 


tine White, yellow, green, or grey Ce 

51 chlonde and 49 caibonate of lead Very 
are Stottfield | a 
near Elgin 
Scotland, Matlock 


and Cromford in 
Derbyshuc, Tar 
nowitz 


305 Parisitr, 8Lel +CaF 

Heaugonal P 164°58 Cl basal, 
perfect H =45, G =430 ae 
ous, on cleavage-plane pearly. 
Biownish yellow, im ining to red. 
C - 23 5 carbonic acid, 42 5 prot- 
oxide of cetium, 82 lanthanum 
Fig 387 (sp 305) oxide, 9 6 dily minum oxide, 2 8 hime, 
101 fluonde of caluium, and 22 iluomde of cernum Emerald 
mines of the Muzo Valley in Colombia, Urals. 


306 LEADHILLITL (Afa2ite), Pb,C,S,0,, + 5H, 
Right prismatic +P middle edge 137°, wP 120° 20’, 2Pco 43°12 





pe 
Fig 389 
Cl basal, perfect, shghtly brittle, 





Fig 388 


Mostly tabular , also twins 


and Ireland, at Chessy in rrance, Siberia, the Urals, Saalfeld in H =25, G =626to64é Transparent or translucent , resinous 


400 


or adamantine, pearly on OP 

een, yellow or brown Co 
teins acid, 8 12 sulphuric 
acid, 18 wittr Icad 
hills Taunton Nertchinsh, 
Granad = Maite from Sa 
dinia 


307. SusinniTE 8PbL 


+PLS 
Rhombolhidial, R 72° 
29 Cl bisil perfect 
H =-25 G=655 White \ 2 
green yellow brownish 
Resinous to adamantine 
rly on the cleavase 
accs Powder = white 
Cc 725 carbomte and 
275 sulphate of lead 
From the Susanni mine at 
Leadhills lut very rue P8 990 (sp 307) 
also in largc dath crystals from the Banat 


Yellowish white, inclining to grey, 
81 98 oxide of lead, 8 03 car 


a 


Fig 391 (sp 307) 


ANH\DROUS SULPHATES 


808 Arcantir (Glaserite) KS 

Rizht prismatic Acute pyramids, with oP 120° 24 , dimorphous 
and also rhombohedral with R 88°14 Mostly in crusts or pul 
verulent (1 basal imperfect H =25to3,G=27 Pellucd 
vitreous or 1sinous = Colourlessorwhite Cec 54 potash and 46 
sulphiu acid Lavas of Vesuvius and othe: volcanocs 


309 Mascacnixc (NH,)d 

Right pnsmatic oP 121°8 but chiefly m crusts and stalac 
tites Cl pefect xctile H=-2to25,G=17tol8 Pel 
lucid, vitreous Colourless white, or yellowish Taste pungent 
ani bitter Ce 209 anmonia 605 sulphuric acid and 136 
witer Near volcinoes, as Etna, Vesusius, the Solfitara the 
Lipati Islands 1n the marshes near Siena and in ignited coal beds, 
as at Bradley im Station ishite 


810 THENARDILI Nid 


Right prismatic Acute pyr imids P, with OP and oP in crusts 
and druses ©] basal yerfect fracture uneven H =25 Ge= 


26 to 27 Pellucid, vitreous White Cec 43 82 soda an 
56 18 sulphuric acid =n salt deposits neat Aranjuez (Spun) and 
at Tarapaca (Peru) 
311 GIAUBERITE (Brongniartine) NaS+CaS 
Oblique pusmatic C 68°16 OP -P o1 with oP (P, f M fig 
392) Cl basal, perfect, along oP tiaces H =25 
to 3 G=275 to285 Tianslucent, vitreous to 
resinous Colourless Ce 51 sulyhate of soda, 
and 49 sulphite of lime Vulla:ubia in Spain Vic \\ 
Berchtesgadtn nea: Brugg m Aargau, Aussee and gE, 
Ischl mn Austria Tarapua in Peru, with 1 to * Ye 
boracic acid ik poe 
312 ANHYDPITL (Karstenite), CaS = 
Right prismatic oP 90°4 Chiefly granulai or almost com 
t or columnar Twins rare Cl macrodigonal and brachy 
1agonal, both perfect basal perfect H =8 to 85, G =28 to 
3 Transparent or translucent, vitreous on ols pearly 
Colourless or white but often blue red o1 giey, streak greyish 
white Cec 58 7o sulphune acid and 41 25 lime 
The crystalline or Afuriacite, occurs in the salt mines of Bex Hall 
in Tyrol and Aussee in Styria, also at Sulz, Stassfurt, and Bleiberg 
Compact at Ischl in Austria, Berchtesgaden, Kisleben and the 
Harz Granular or Vuln rte, near Berzamo The contorted, or 
Gekrosstevn, chiefly at Wicliczka and Bochmia 
313 Barire (Heavy Spar) BaS 
Right prismatic Poo (g) 78°20 Po (f) 105° 22, oP? (d) 77° 
44’ also oPo (c) (figs 125, 126 127 butina different position 
d d being placed vertical) The crystils show very many forms 
and combinations and are tabular o1 columnar oftcn in druses or 
groups, also foliated, fibrous granular or compact Cl brachy 
disgonal perfect, along Poo less yerfect, basal traces H =8 
to 35, q =-43to47 Transparent to translucent vitreous 
or resinous Colourless and white, ut generally reddish white 
or flesh red, yellow, grey blush greenish or brown BRB 
decrepitates violently, and fuses very difficultly or only on the 
edges, colouring the flame yellowish green not soluble im acids 
Cc 843 sulphuric acd and 657 baryta, but occasionally 
with 1 to 15 sulphate of strontia Very common chiefly m veins 
either alore c~ accompanying ores Crystals at Arran, Strontian, 
Khe, Sutberlana , Daftou Bohemia, Feleobanya and Kremnitz in 


MINERALOGY 


Hungary, Auveigne, and United States Columnar at Freiberg 
The radiated from near Bologna, or the Bolognese Stone, phos- 
horesces 1n the dark Massive, or Cawk, from Derbyshire and 
Btaffordshive, Teadhills, and Arran 
Lume Barytes, from Derbyshue, Strontian, Freiberg, seems a 
mixture with sulphate of lime, crystals tabular, in rosettes and 
othe: groups, G =4to48  Hepatete, dark grey, from caibona 


ceous matter hongsberg  Allomorphite, scaly, white, and 
pearly, near Rudolstadt, agrees essentiilly with bary tes 

$14 Baxyro CerEesTINE 25rS+BaS 

Radiated and folinited Bluish white Brittleand fiiable H = 


25,G =392 Difficultlyfusble Lake Ene, Upper Canada, and 








Bunnenthal 
Right prismatic , forns like barytes and anglesite Poo (0) 104° 
8 Bo(M) 75°58 Usual combinations Po, Po, oPco, or this 
with oP2 (d), also columnar and fohated, or fibrous, fine 
granular, or compact (1 macrodiagonil perfect, along Peo Jes: 
vitreous or resinous Colouiless, but nes 
bluish white to indigo blue and rarely reddish eee 
or yellowish BB decrepitates and fusts cn» i 
easily to a milk white globule, colouis the & Ce 0 
by a splinter, afte: ignition in the mner flame 
on being moistened with h acid, and held m Bee 
the blue border of the flame of a candle colouring this of a lively 
purple red Scucely affected by aids Ce 48 6 sulphuric acid 
Castle Calton Hull Clachnaharry mncar Bristol and Knares 
borough , sulphur mines of Girgenti and other parts of Sicily, 
Herrengrund in Hungary, Bex, Salzburg, Monte Viale near Verona, 
and Meudon and Montmartre near Paris Used for producing a red 
816 ANGLISITE, PbS 
Right prismatic oP 103° 43, Poo 75°35 The ciystals of 
many forms and combinations, are short prismatic, pyramidal, 
or tabular Cl prismatic along oP, an 
H=3 G=62 to 635 Transparent or a 
translucent adamantine or resinous 
Colomless and white, but occasionally yellow, 
gey, brown or bl , 47 
crepitates in candle 
BB on_ chaicoal 
fuses in the oxygen 
flame to a milk white 
soluble in acids 
wholly in solution of 
potash Ce 737 Fig 394 Fig 395 
lead protoxide and 26 8 sulphuric acid Leadhills (fig 897), St 
Parys mie m lesea, 
Zellerfeld, Klausthal, Baden- 
Fig 396 Fig 397 
weiler, Siegen, Silesia, Linares, Phoenixville in Pennsylvania 
317 LANARKITE, PbS+Pb 
Oblique prismatic oP 49°50 Cl basal, perfect, sectile, thin 


815 CELESTINE 81S 
perfect H =3t035, G=39to4 liansparent or tianslucent, 
flame carmine red Distinguished fiom barytes 
and 664 stiontia but often some baryta or lime  Tantallon 
light in pyrotechnic mixtures 
basal, fracture conchoidal, very brittle 
streak white 
bead very difficultly 
Ives m Cornwall, Derbyshire, 
)~ + 
\ 
lamine flexible H =2 to 25, G=64 to 67 Transparent; 





Fig 398 
resinous or adamantine, on OP 


white, inclining to grey, streak white BB on chaicoal fuses to 
a white globule containing metallic lead, partiully suluble in n, 


tly. Greemsh or yellowish 


MINERALOGY 


acid with effervescence C ulph 1 
424 Leadhuills, rare ¢ sulphate of lead 57 6, oxide of lead 


HYDROUS SULPHATES 


318 Mirasititr (Glauber Salt) Ni,8+10H, 


Obhque prismatic © 72° 15 (Cl withodiagonal, fracture 
conchoidul H =15to 2 G@~14to15  Pellucid and colour 
less Cc 192 soda 248 sulphuiec acid, and 56 water As 
an efflorescence in quirris on old walls or on the ground, m 


the waters of lakes and springs in Russ d | t and o 
Vesuvius on lava Prangs 12 and igypt and on 


819 Gyisum, 018 +2H, 


Oblique prismatic C 80°57 The most common forms aie 
ooP 111°30 , P 188° 40, ~P148°30 and mPte Tyocommon 
combinations are oP(f) mP*%.o (p),-P (J) (fig 129), and this 
with P_ Lenticular ciystals often occur hemitropes frequent (figs 
161, 150, 151), also granular, compact, fibrous scaly, or pulverulent 
Cl chino anngoane perfect along P much less perfect , sectile thin 
flexible H =15 to 2 (lowest on P) G—22 to 24 

1anspirent or translucent , vitreous on cleavage pearly or silky 
Colourless, and snow white but often 1cd, grev sella brown, ad 
more rately greenish or blush In the closc1 tube yields water 
BB _ becomes opaque ani white soluble in 400 to *00 parts of 
water, scarcely moreso in acids Cc 465 sulphuric acid, 326 
lime, and 20 9 water 

Transparent crystils or Selenate occur in the salt mines of Bex 
an Switzerland, of the Tyrol, Salzburg and Bohemia 1n the sulphur 
mines of Sicily at Lockport in Yew York, 1n por} hyiv at Gourock 
an the clay of Shot ver Hill near Oxford, at C ee near Bath and 
many other localities Fibrous gypsum at Campsie, Matlock in 
Derbyshire and 4t Ilfeld in the ae Compact gj psum in whole 
beds in many parts of Lnglind Germany, krance and Italy at 
Volterra in [usciny (Alabaster) often with rock salt The finer 
qualities (or alabast 1) we cut into vallous o:namental articles 


320 Kresrritr, MgS +H, 
Rhombic but chiefly massive G —252 Pellucid greyish 


white Cc magnesia 29, sulphuice acil 58, water 13 In beds at 
Stasafurt 


321 EpsomiTE (Lpsom Salt) MgS+7H 


Right prismatic P mostly hemhediie oP 90°38 oP (Af) 
oP (0), P (J) (fig 3899) Granular, fibrous, o: earthy Cl 
brachydiagonil perfect H =2 to 2 
G=175 Pellucuid, vitreous and white 


Taste bitter Ce 1682 magnesir 32 53 
sulphuric acid and 5115 water Fffloresc ence 
on various rocks 1s at Hurlet near Paisley, | 
Idna, Montmaitie, and Fieiberg on the 
ground in Spain and the Russian steppes , 
in mineral waters as at Eysom in Surrey, 


Saidschitz and Seidlitz in Bohtama Used mn 
medicine 

822 GosLtarRiITE (/Viite Vitriol), nS 
+7H, 


oP 90° 42 , 1somor 


hous with epsomite oP wPo, P (if o, 
) (fiz 399) P Mostly granular or stilactitic Fis 899(sp 321) 
remitorm and inciusting Cl brachvdiagonal perfect H =2 to 
25,G~=2to21 Pellucia vitreous White inclining to giey, 
yellow, green or red Taste nauseous astringent Cec 28 2 znc 
oxide, 27 9 sulphuric acid, and 43 9 water 
Holywell in Flintshne, Cornwall, Ram 
melsberg near Goslar im the Harz, Falun, 
Schemmitz Used in dyeing and medicine 


823 MorenositTE, NiS+7H, 

Acicular, fibrous, and as an efflorescence 
H =-2t0 225 G=—2 Justice vitreous 
Apple green, streik white Soluble Mor 
vern in Argyllshire, Cape Ortegal (Spar), 
Lake Huron, Pennsylvania 

824 MELANTERITE (Green Vitriol, Cop 


peras), FeS+7H, 

Oblique prigmatic, C75 45’ oP (/) 
82°92 , —P(P) 101°34', Pea (o) 67° 30" 
(fig 400), chiefly stalactitic, reniform, or im 
crusts 1 basal perfect, prismatic } ooo 


Right prismatic 





Tig 400 (sp 324) 
Ii =2,G =1 8tol? 
Translucent, rarely transparent, vitreous Lech ormountain gieen, 
often with a yellowish coating, stieak white Cc 26 protoxide of 


Hiunkt near Paisley, 


zion, 29 sulphuric acid, and 45 water 
Ram Used in 


Bodenmats, meleherg, Falun, Schemmitz, Bilin 
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dyemg, and in manufacturing mk, Prussian blue, and sulphuric 
acid 


325 Smiarir, Mn.S+H 
Stalactitic aggregates Rose to white Felsobanya (Hungary) 
326 MAaLiaPpiTe, MnS+7H, 


Crystalline foliited masses apparently oblique prismatic Lucky 
Bay mine in Utah 
327 BIEBERITE (Cobalt Vitriol) CoS+7H, 
Pale 


Obliguc aoa , usually stalactitic, or an efflorescence 
rose re c 20 cobalt oxide, 4 magnesi1, 29 sulphuric acid, and 
47 water Bueber near Hanau, and Leogang 


$28 ALUNOGENE (Hair Salt), Al,» +18H, 


Capillary or acicular in crusts or 1eniform masses H =15 te 
2 G=16tol7 Silky White, inclining to gieen o1 yellow 
(c 386 sulphune acid, 15 4 alumina 486 water Volcanoes of 
South America, im coal ind lignite in Germany, and on old walls 


829 ALUMINITE (MVebstr ite) ALS+9H 


Renitorm, and very fine scaly, or fibrous Fracture earthy, 
sectile or fiiblkn H =1,G=17 Opaque duil or ghmmeing, 
snow white or yellowish white Cec 29 8 alumina, 23 2 suly huric 
acid and 47 water Newhaven m Sussex, Epernw, Auteuil and 
J unel Vie1l nm France Halle and Morlin Piussia Felsobanyite, 
fiom Hungary, in rhombic tules, 13 sumiar, but has 10 yer 
cent of witer 


8380 CoQUIMBITE le 38+9H 


Hexagonal P 58° Crystals OP, with oP and P, usually 
gianular Cl oP impufict H =2 to 25 G=2 to 21 
White also brown yell w icd and blue Cc 28 5u0n peroxide, 
426 suly hue aci! ani 29 J water Coyzirapo m Chili, and Calama 
in Polivia 


331 CoPIAPITE 2ke v8 +13H 


Six sided tables but system uncertain also granular Cl per- 
fect Tianslucent peuly Lellon Ce 34 iron joes 42 
sulphuric acid and 24 water Coyiapo in Chili Also radhated- 
nbious masses dirty greenish yellow imerusting the former, 
with 82 sulphuric acil and of water Both probibly mixtures 

Fibroferrite, alsotiom Chili and Yellou Ton Ore fiom the brown 
coi at Lolosoruk in Bohemia and Modum in Noiway are both 
reniform, or comyact and errthhy H =290to3 G-—27to29 
Colour ochie yallon Apatelite reniform earthy vellow, fiom 
Auteuil near Pats, 13 simila also Vitriol Ochre trom Falun 
Wsy from Rammelsbcis in the Huz, containing sul; hates of non, 
coy per, zinc and other metals, 1s a product of decomposition 


332 PissopHANT, (Al, Fe )5+15H 


Stalactitic , fracture conchoidal very easily frangible H =2, 
G=19to 2 Transparent or translucent vitreous Olive green 
to liver brown, sticak gicemmsh white to pale vellow Ce 7 to35 
alumina, 10 to 40 iron peroxide, 12 sulphune acii and 41 water 
Saalfeld and Reichenbach in Saxony 

Carphosider ite reniform opaque, resinous and straw vcliow, with 
a greasy fuel wielated H=4o Gm 
25 Consists of hydious suljhite of g.-—= 
iron = Labrador u 


833 CHALCANTHITE, Cus +5H 
Anorthic ofo(n) Por) 79°" 
19 P (P) oP (7)127°40 P x 
120° 50 =P 1 103° 27) @P (7) 
oo P (A) 128° 10 (fig 401) Generally 
Inciusting €] 





T and oo S 
fect = 

25, G=22 

Blue Ce 32 

protoxide of Fig 401 (sp 333) 

copper, 32 on eke acid water 

Cornwall, Wihlow, Hungiry, Tyrol, 


Falun, and on liva of Vesuvius 
3384 BrocnaNtitF, Cus+3CuH, 
Right prsmatn oP 104° 32, Poo 


| 152° 87 0 and elo also nmform Cl 

| nachvdiigonal yerft H 3v to 4, 

G =375 to 39 ‘Transparent or trans- 

lucent, vitrou Fmerul or blickish 

gran strak bm,ht green Ce 70 

Fig 402 (sp 384) copper protovde, 18 sulphun acid, 

and 12 water Sandlodge (Unst), Roughton Gill in Cumber 
AVI — 51 


402 


land, Rezbanya Ekaternburg 
(Krisuvigrte) 

335 Laxartr Cus+3culf +2H, 

Right prsmotic oP 123° 44 Crystals long tabular, wet 
in twins Alo im filzo lamella: and concretionar) crusts, wit 
earthy surfac C1 basil and biachydiagonal H =-25 G =35 
Vitreous Greenish tlue Ce 651 copper protoxide 16 4 sul 
phut acer ani 18 5 water Cor wall 

Wu gt ners similar also Konigene fiom Sibena 


also Ansuvig in Iceland 


336 Jonan ITE (Uran 12710!) 

Ollique prismatic C 85 40 of 69° crystals similar to 
trona (No 291 fig 883) tut minute arranged in concretionary 
anlienform masses H =2to25 G=319 Semuitransparent 
vy trcous Soluble Taste bitter Bmghtgrass green Cc oxides 
o 1r mum 67 72 oxile of coy per 5 99 sulphuric acid 20 02, water 
559 Joa himsthal (Bohemia) Johann Georgenstidt 


337 Buiopits ( 4strakan te) (MgNa.)S+2H 

Obhyue prismatic C100°43 = @ P°2 112° "> 
(b) ol 2 n) wP a(t) Pz) Pea 
(d) OP (c) (fg 408) In j1smati 
ervstals o1 efnrescent H 385 G 
=22 ‘WVransjarent White or rd 
Ce 47 9sulphune wid 8 5 soda 12 
mignesi1 and 21 5 witer salt lakes 
on the Volga new Astrikhin Is hl 
Stassfurt ud near Mendoza in South 
Ari 1101 

Ai se trom Seidlitz is similar but 
a mixture 


338 Low1iTF 2(NaS + MgS)+5H 
Pyramidal but only compact Cl 
basal distinct also octahedral with 
angles 110° 44 and 105°2 H —-25 
to3 G=2376 Vitreous Yellow Fig 403 (sp 337) 
ish white to flesh red Ce 20 sola 13 magnesia 52 sulphuiic 
acid, and 15 water Is hl 


339 SyvczviTE K S+(CaS+H, 

Oblique pnsmatic C 70 whe wv 
@P*c (b) OP (c) oP (p) wl°2 (4 
oP°3 (p ) 2P°2 (e) P (o) 2P (0) 
P®co (q)~ Peo (r) P%eo (7) 2P%e0 (r 
—§P*c (0) Cl oP perfect fracture 
conchoidal H =29 G =2 25 Colon: 
less to milk white Cec hme 16 8 
potash 2855 sulphunc acid 48 4 


oo] 





Crystals aP°c (a) 


water 547 ‘Soluble in 400 parts ct 
water In cavities in halite at Kalu 
(Galicia) 

340 PoLYHALITE, 20.98 + MgS+h 8 | 
+2H, 

Right prismatic oP 115° Mostly 
fibrous H=35 G=27 to 28 


Translucent resinous Colourless g nc 
rally brick red Coc sulphate of lime 
45 of magnosi 20 a, of yotash 29 water 5 5 
Berchtesjaden 


341 Arum RS+(Al,be,)S,+ 24H, 

Cubic O sometimes with «Os and Qoo Generally efflorescent 
in fibrous crusts Cl oct Ie iru fractue conchali! H =2 to 
25 G@=17 tol9 Trimslucent White ‘laste sweetish astnin 

ent Solutle BB evolves sulphurous fumes (a) Potash Alum 

O=hO 237 sulphune acid, 10 9 alumia 9 9 potash and 4y 5 
water In the coi formation at Huilct and Campsie in Scotland 
the lertiry biown coils of Hesse and the Rhine the Lias neat 
Whitby Salutian alum slitcs of Scotlar d Norway and Sweden 
the volcanic f.1m itions of t} eI) an Islands Sicily ani the Azores 
(b) Amn ma Alin RO=(NH,0) atout 4 yer cent oxide of 
ammoniuin anl 48 water In clesed tute forms a sul limate of sul 

hate of ammona ” Tschermz in Lohema (r) Soda Alum 

O=Na,O with 7 of soda and 48 water Mer loza m Scuth 
America, Solfater: near Najles al Milo (d) Va J esta Alum 
RO=MgO = Translucentand silky South Afi a Iqnique m Pern 
(Pocherengite) _(¢) Fron Alum (esther Alum) O—Fe Hurlct 
near Paisley, Morsfeld in Bavaiia hnisuviy in Iceland (7) Man 
eed sae hcpeee ha From )cla.o1 Bay in South Afrea An 
alum wi oxide of zinc occurs at Fclsobin 
ee Ce vt and has been 


342 VoiraiTe 3(Fe, h,)S+2/Fe,Al,)S +12H 
Cabic 0 00,00 Black brown or green 


Fig 404 (sy 339) 


Isch] Aussee and 


H ~3,G = 





MINERALOGY 


279 Solfatara near Naples, Goslar mn the Harz, and Krem- 
nitz 


343 AtuniTe K,S+3Al,8+6H, 

Rhombohedral , R 89° 10 Crystals Rand OR \fig 405), also 
earthy Cl basal H =3 5 to 4, 
G =26to28 Translucent, vitie 
ous pearlyon O Colourless but 
often stained Hungary, Tolfa 
(near Civita Vecchia), Lipin 
Islands, Auvergne, and Milo 


844 Jarosirz, K,S+Fe 38+ 


2(Fe,3H,) 

Rhombohedral , R 88° 58 Cl 
basal, also fibrous in nodules or 
incrusting H =25 to 35, G =} 24 
Spain, Saxony, and Mexico 


345 GLrLBFISF\ERZ h $+4¥Fe S8+9H, 
Folitted and massive H =25to3 G=27to29 Bohemia, 
Norway, and Icheleken Island in the Caspian Sea 


346 Urusitz, Fe,S +2Na,38 + 8H, 
Tcheleken Island in the Caspian 


847 BotrYocrne (Red Vtrvol) Fe,S,+8(Fe,28) + 86H, 


Oblique prismatic C 62°26 oP119°56 Commonly adel 
oidal H =2t025 G=2 Translucent, vitreous Hvacinth- 
red and orange yellow Falun in Sweden 


348 HERRENGRUNDITE 


Oblique prismatic, C 88° 50 Dark emerald green crystals 
H=25 G=318 Ce 57 22 omde of copper 28 04 sulphuric 
oxide 19 44 water, sometimes with lime Heiengrund (Hungary ) 


849 LinaRITE (PbS+H,Pb)+(CuS + H,Cu) 


Oblique prismatic C 77°22 oP (M)61°41 2P%w (ww) 52° 81’ 
Crystals oP®co (a) OP(c) and the above forms generally Hemi 
tropes united by oP®« (a) Cl orthodirgonal, perfect , fracture 





Fig 405 (sp 348) 
Colour ochre yellow. 





Fig 406 
sonchoidal H =25to3 G ~52to545 Translucent, adamant- 
ine Azure blue to dark blue, streak pale blue Cc oxide of 


lead 55 69, oxi le of copper 19 83, sulphuric acid 19 98, water 4 5 
Leadhills Red Gill and Roughton Gil] (Cumberland), Linares in 


Spain, and Nertchinsk 


350 CaLEDONITE, 5PbS +2(H,Pb)+3(H Cu) 

Right prismatic oP (m) 95°, Poo (e) 70°57 , 2Pco (x) 86° 10’. 
Crystals frequently as in fig 407, but gene 
rally hemhedial (Cl brachydiagonal, a dis 
tinct m,eimperfect H -25to3 G =6 4 
Transpirent, resmous Verdigris green and 
mountain green streik greenish white (c 
68 42 oxide of Jead, 1017 oxide of ne di 
17 3 sulphuric acid, 405 water Leadhulls 
Red Gill in Cumberland, Rezbanya in Iran 
sylvania 

351 LETTSOMITE, 
15H, 

Right prismatic, but in tufts of capillary 


crystals with velvet hike appearance Colour 
dt blue to sky blue e 49 oxide ¢t 


3Cu,$ + 2(Al,3H ) + 





Fig 407 (sp 850) 
copper, 2 97 lime, 11 21 alumina 1 41 oxide of iron 12 1 sulphuric 


acid 225 water Moldawa -n the Banat IWWeedwardite 18 


ptobably an aluminous vari ty 
of the above Turquoise bluc 7 
NI 
CSS 
(fig 408) G =213 Cl ortho 
diagonal White to reddish a aac 


to greenish blue Cornwall 

+3H 

Ce 161 a ars 15 7 potash, 32 2 sul; huric acid, 14 8 chlorine, 
tassfurt 


852 Karnite, MgS+ KCl 
Oblique prismatic, C 85° 5 
217 water 


MINERALOGY 


TELLURATES AND CHROMATES 


853 Movranrre, Bi,le+2H, 


Incrusting, earthy Lustre waxy Yellowish Opaque 
bismuth 66 8, tellurimm 26 8, water 69 Highland in 


354 Macnouirr, Hgle 
Whnte acicular crystals from Keystone mine in Colorado 


355 CrocorsiTs, PbCr 


Obhque pusmatic, C 77°27 oP 93° 42 (Jf), -P 119° 12’ (¢), 
oo P*2 (7) 56° 10, cP (g) (fig 409) v 

Cl oP, distinct, sechle H =25 to aN 
3,G=59to61 Translucent, ada 
inantine Hyacinth or aurora red 

streak orange yellow Ce 31 chromic 
acid, and 69 lead protoxide _ Berezoff, 
Mursinsk, and Nijm Tagilsk in the 
Urals, Congonhas do Campo in Brazil, 
Revbanya, Moldawa, and Tarnowitz 
Used as a pigment, but not permanent 


856 Puanico CuRoiTe,2PbUr+ Pb 

Right prismatic, dimensions un 
known H =3 to 35 G =575 
Translucent on the edges resinous 
or adamantine Cochineal to hya 
einth red streak brick red Cc 
oxide of lead  Berezoff 


857 VAUQUELINITE, 2(2PbCr+ Pb) +(2CuCi + Cu) 

ae prismatic, C 67°15 Crystals OP P -P°% o P 
J, 2) alwavs twinned (fig 410), the faces of OP 
forming an angle of 134° 30, also Lotryondal or 
rniform H =25to8,G=55to58 Sem ,.) 
translucent or opaque resinous Blachish or Fig 410 
dark olive green streak siskin green Cc sis 
lead protoxide, 11 copper protoxide 28 chiomi acid Leadhulls, 
Burezoff Congonhas do Campo (Brazil 


MOLYBDATES AND TUNGSTATES 

858 WULFLNITE, PbMo 

Pyramidal P 131° 48’ 
411-414) Cl P, butttle, 
fracture uneven, or con 
choidal H =8, G =63 
to 69 Pellucid, resinous 
to udamantine Orange 
yellow, honey yellow, and 
colourless Ce  protoxide 
of ' ad 61 5, molybdic acid 
885, 1ed vanieties have 
some chromic acid Lack 
entyre in harkcudbrght ,, 
(fig 412), Bleiberg, Rez 
banya, Pennsylvania, Za 
catecas 2PbOMo00O, + 
Ca0MoO,, with 6 88 of 
lime, occurs in Chili 


Ce 
ontana 





Fig 409 (sp 305) 
23 chiomic acid, and 77 prot 


OP (a), 4P (2), P, oP (v2) + P2(r) (figs 


ane 


Fi, 411 





Fig 418 (sp 358) Fig 414 (sp 358) 


359 EosiTEe 

Pyramidal ‘OP (c) »/117°10 , p’ p 125°40 (fig 415) H = 
to4 Colour deepaurora red Streak orange i: 

ellow A vanadio molybdate of lead Lead 

ills 


860 MeEGaBAvITE, Mg,W; 


; 
Oblique prismatic, similar to wolframite / 

In fine needles H =35to 4, G =645 to 
697 Vitreous to adamantine Yellowish 
brown to brownish red, translucent hyacinth 
red, streak ochre yellow Cc _ protoaile 
of manganese 231, protoxide of iron 5 4 
tungstic acid 715  Schlaggenwald, Sadis 
dort, Morococha in Peru 


861 ScHEELITE, CaW 

Pyramidal, with many of the modifying planes hemihedric P 
118°82' Cl 2Pco (n) 180° 38, perfect Pand OP less so Frac 
ture conchoidal H =4 to 45, G =59 to 62 Translucent. 
resinous to adamantine Colourless, and grev, yellow, or brown, 


hig 415 (ep 309) 


403 


Keswick Pengelly m Cornwall, Zmnwald, Schlaggenwal}, Salz 
burg, Chili, S1 
beria, Connecti 
ut Employed 
for the cxtrac 
aon of yellow 
‘ungstic acid, a 
fine pigment 


STOLZ 
ITE, PoW 





Tig 416 (sp 361) 
Pyramidal, generally hemihednic P 


81° 25 — Ciystals sometimes spindle 
shaped Cl P, imperfect H =3,G = 
79to81 Translucent, resinous Grey 
yellow, brown Cec 48 4 protoxide of 
lead, 51 6 tungstic acid Keswick, Zinn 
wald, Coquimbo (Brazil) 


363 REINITE, FeW 
Pyramidal P 103° 32, bosal angle 122° 
-m664 Ce 
Kimbosan in Japan 


364 WoLFraMItTr, (Fe, Mn) W 
Oblique prismatic, C 89° 22 oP (Af) 100° 87, —4P°a (P) 
1° of, Peco (w) 98° 6 mPa (r), oP (b), —P (a), 
2P¢2(s) Twins common Also laminar 
1 climodiagonal, perfect fracture un 
evn H=5 to 55 G=71 to 75 
yue resinous, metallic, adamantine 
the cleavage  Brownish black 
streak black (varieties with most iron) to 
reddish brown (most manganese) Cc 
76 tungstic acid, 95 to 20 protoxde of 
ron, and 4 to 15 protoxide of manganese 
in some With 11 mobic acid ast 
Pool Carnbiae and mines near Redruth 
Godolphin s Ball in Cumberland , Alten 
berg Geyer Ehrenfmedersdorf, Schlag 
eae Zinnwald the Harz also 
1als, Ceylon, and North America 
Ferberite with 26 protoxide of iron Fig 418 


and 2FeW +he (H —4to45, G =67 to 6 8), from Spain, may be 
different 


865 Husneritr, MnW 


Right prismatic oP(J) M W100° Cl a Poo , perfect , 
usually foliated orcolumnar H =45 G—714 Adamantineon 
cleavage elsewhere greasy Biownted streak vellow biown 
Cc  protoude of manganese 25 4, tungstic acid 766 Mammoth 
district in Nevada 





Fig 417 (sp 351) 


Cl oP H <4, 
protoxide of iron 23 4, tun; ic acid 75 45 





ANHYDROUS PHOSPHATES, ARSENTATES, AND 
VANADIAILS 


366 XFNOTIVE, Y3P 


Pyramidal P 82° 22 muildle angle 
Crystals P, oP, mPo Cl oP 
H =45, G@ =46 0455 Translucent 
in thin’ splinters, resinous Yellowish 
and flesh red Ce 62 yttria and 38 
phosphoric acid but some with 8 to 11 
cellum protoxide lLindesnaes and Hit 
tero m Norway, Ytterby (Sweden), & 
Georgia, and ( Wserene) St Gotthard 


polar angle 124° 30’ 





367 Cri I1OLITF, Ce,P Fig 419 (sp 366) 
Acicular crystals, embedded in apatite 
G@=46 Transparent Pale wine yellow Powder sol im con 
s acid Wohler found 73 70 cenum protoxide, 27 37 phosphoric 
acid, and 151 iron protoxide Occurs in 
the apatites of granite in Scotland, but not 
in those of limestones Also at Arendal 


368 Monazire, (Ct, La, 1h), . 
Oblique oe C 76° 14 oP 
23 —erystals (hg 420) generally thick on 
tabular Cl basal, perfect translucent on 
edges Flesh red and nddish brown =  ¢ 
28 phosphone acid, 37 to 46 cerium prot 
oxide, 24 to 27 lanthanum oxide that from 
/\atoust from 18 to 325 of thona Notero 
Noiway, Miask, Norwich in Connecticut, ui tht Rio Chico in 
Colombia = Turnerite, from Davy hine, im complca transparent 





Fiz 420 (sp 368) 


streak white Cc. 19 4lime, 80 6 tungsticacid Caldbeckfell near honey yellow crystals, 1s monarit: 


404 


369 Tripnyuits (2t¢+Li,)P, 

Right prismatic oP 133° chiefly granular H =5, G =36 
Resinous Greenish gicy with bluespots Cc iron protoxide 40, 
manganse protoxide 5 5, lithie 7 9, hosphoric acid 45 Boden 
mais in Bavartu Norwich in Massachusetts Lathrophilte, from 
Farfield (Conneticut) 15 1 mangancsian tiuphyhte 

370 Brnartiutr (Kuhn te (CiMg), As, 

Massive H =5 to6 G=202 Ce lime 23, magnesia 15, 
arsenic aid 60 Sol inn acid J.A4ngban (Sweden) 


871 AnsrntaTr or NickFt NigAs 
Amorphous H =4 G =498 Sulphur yellow Ce onde of 
nickel 48 2, usenic acul 505 Johann Georgenstadt 


372 Nicwtrrr7, NigAs +2N1 
Crystalline massive G =484 Dakhgirss green, streak hghter 
Ce oxide of nickel 621 arsenic aud 366 Johann Georgenstadt 


873 DicHENrTr, (Pb/n)\ 

Botryoidal and stalathtw H =3 to 4, G=582 Lustre 
resinous to greasy Yellowish red, decp ied, streak orange to pale 
yellow Ce 577 oxle of lead, 15 8 oxide of zinc, 24 2 of vanadic 
acid Wanlockhead, Fieibuiz (in Biden), Lauter Valley 


874 PstrraciniTE, &Pb;V )+Cu,V,+6CuH, 

Mammuillited and imciusting Siskin to olive green Ce 
vanadic ail 19 3 Jeid oxide vd 2, copper oxide 18 95, water 8 58 
Silver Star (Montan1) 


375 Prcuiriti, B1,\. 

Right prismatic =P 1238°55 HH =4,G =625 Cl basal per 
fect vitreous hedorteldish brown streak yellow Easily soluble 
macds ¢€¢ bismuth oxide 71 7, \ madi acid 28 3 Schneebarg 


376 Atorrir Ca Sb 
Cubie (igs 30 with 26 and 33) H=5uvto6 G=5 Lustre 
gens) ycllow torcsin brown = Jranslucent Ce antimonie acid 
3 2, lime 17 5 on protoxide 27, miznesia 1 v, sodi43 Lang 
ban (Weimland) 


HYDROUS PHOSPHATIS, &c 


377. Brusnirr, (2414 4H )3P_+4H 

Oblique prsmitic, | 62° 45 = Necdle crystal) H =2to 25, 
G@=221 Vitnous Cc lime 82 6, phosphoricacid 41 3, water 
264 Aves Islands and Sombrero (Antilles) 


378 Nrwaiiiur Vg H, P +6H 
Right prismatic Cl tiwhydiagonal Ce phosphoricacid 41 25, 
magnesia 23, water 857 Fiom gnino Skipton Caves, Victoria 


379 HampivceriTL Ci As +3H 

Right pmsmatic of 100° Cl perfect, sectile, flexible 
H =2to2) G =28to29 Otherwise lke pharmacolite (sp 
881) Cc 85 68arsemiite of lime,ind 14 382 water Joachimsthal 


380 Rosciitr RAs +2H, 

Anorthic (C1 mactohasonal Ros 1ed, streak white H = 
85,G =346 (€c 255 hme 103 cobalt oxude, 36 magnesia, 
52 4 arsenic acid 8 2uiter Schneelnrg 


381 PHarwacotitr 2Cais +6I1 

Oblique prismatic ( 65° 4 (fig 421) 
139° 17, 4$P (nu) 141° 8, }P°a (c) 
83° 14, oP3 (g) 157° & = Crystils 
generally acicular ani radiited (1 
clinodiagonal, perfect se tile and 
flixible H =2 to 25, G =2 6 to 
28 Trinslucent vitreous Pealy 
white Yields wite: in the closed 
tube (ec arsenic cid 51, lime 25, 
water 24 Andreasberg Biber, Mar Fig 421 
kirchen, Wittichen Generally mixea with ey thiite on annabergite 


$82 Wappiriiti, 2Ca4s+8H 

Anorthic, @P (97) oP (WV), a! 2 
In) oP 2(% Pe (@, Po (D 
BP (t) 3h 0 (7) 2 2(p), 31 -(y 
8'P3 (G), 424 (w) 2P2 (wr), wPo (/ 
(fig 422), also mcrusting ind glol wu 
Cl clinodiagonal H =2t025 G = 
248 Colourles: Vitreous Ce 


hme 15 6, magnesia 7 4, ais nic a | 
47 5, water 295 Joachimsthal 


383 HornEsitE, Mg, 43,+8H, 


Obhiqu: prismatic of 107° H 
=5tol, G=247 White Translucent, penl) Cc 243 
magnesia, 29 14 water, 46 56arsenicacid Probably fiom Hungary 


oP (f 117° 24, 


P (2) 








Fig 422 (s} 582) 


MINERALOGY 


384 VivIANite, 3keP,+8H, 

Oblique prismatic, C 75°34’ oP (m) 108° 2’, P (v) 120° 26’, 
Pc (w) 54°40 Crystals piismatic (figs 423, 424), also fibrous 
or earthy Cl clino 
dingonal, perfect, thin 
lamine fiexible 
G=26to27 Trans 
lucent or tisnsparent , 
vitreous, or bight pearly 
on cleavage Indigo 
blue to blackish green 
streak bluish white, but 
soon becomes blue on 
exposure Ce 331 
Iron protoxide, 12 2 1ron 
peroxide, 29 phosphorx 
acid, and 257 witer 
‘Transparent — mdigo RES 
coloured c1jstals at St 
Agnes in Cornwall, and Fig 423 Fig 424 
Allentown and Imleytown in New Jersey, earthy in Cornwall, 
Styi1a, North America, Greenland, and New Zealand , and 1n peat 
mosses in noithern Germany, Sweden, Norway, and Shetland 


385 SyMiirsitt Fe,As_ +8H 


H =2, 








Oblique prismatic, i minute acicular crystals Cl clino 
diagona] =25, G@=296 Vitreous Cleavage face pearly. 
Celadon green to pale indigo, streak bluish white Lobenstein 


in Reuss, and Lolling in Cainthia 


386 ER\1HRITE, Co,As +8H_ 

Oblique prismatic, C 55° 9 = Peo (P), mPa (7), Po (M) 
also oP3 (4) and P (/) 118° 23’ (fig 425) 
C1 clinodiigonal (P), perfect, sectile, thin 
lamine flexible H=15 to 25, G=29 
to 3 ‘Lianslucent, vitreous, pearly on tle 
cleavage C11mso1 or peachblossom red Cc 
882 arsenic acid 387 8 cobalt protoxide, 2! 
water, but often with nickel 9 Cornwill 
Alston in Cumbeiland, Alva in Stniingshue 
Schneeberg, Saalfeld, Allemont, Ruechelsdorf, 
the Pyrenees, and Modum in Norway 
Kobaltbeschlag or Earthy Incrusteng Cobalt 
reniform, 1s 4 miature of erythrine with arsen1 
ousacid Larenduan, thin remform lavender 
blue crusts, transluccnt, resinous, or yitreous 
(H =25 to 8, G =2 95 to 31), consisting of 





Big 425 
arsenic acid, protoxides of cobalt, nickel, and copper, with water ; 
from Annaberg 


887 Kotricitr, (Zn, Co, Ni)z4s +8H 
Obhque pusmatic , massive o: 1m crusts, with cryst line surface 


and fibrous structure (Cl clinodiayonal, purfect H =25 to3, 

-=81 Lustre of fracture sulky Colour light carmine and A aan 
blossom re |, of different shades, strcak reddish white Translucent 
to subtranslucent Cc 3052 zme oxide 691 cobalt oxide, 2 
nickel ox2de, with arsenic acid Schneebeig 

38 ANNABFRGITLE (Nickel Ochre), Ni;As+ 8H, 

Oblique pmsmatic, mm capillary crystals, also earthy, sectile 
H =2t025,G=8to 381 Dull orglistening Apple-green or 
reenish white, streak greenish white and shming Cc. 887 
tsenic acid, 37 8 nickel protoxide, and 24 water, but with a little 
cobalt or iron Leadhills, Pibble in Kukeudbright, Andreasberg, 


Saalfeld, Riechelsdorf 
389 LUDIAMITE, Fe;2P +9H, 


Oblique prismatic, © 79° 27 = P 131° 23 , OP, P 111° 29 


fig 426) Cl OP, perfect 
5805 oxide of iron, 29 88 
yhosphoric acid, 17 0 water ae an 


Cornwall 
390 Fittownr, 3(K,P,)+H_ 
Oblique prismatic, C 89° 51, Fig 426 (sp 389) 
psudo rhombohedial P,-2P8, OP Cl basal H =45, G 
‘848  Recsmnous to greasy Wax yellow to red brown, or 
jourless strerk white, translucent t ¢ phosphoric acid 40°2, 
iron protoxide 6 8, manganese protoxide 40 2, lime 5 2, soda 6 8, 
water 17. Branchville (( onnccticut) 


391 HuReavite, 5(Mn, Fc)2P,+5H, 

Oblique prismatic, C 89° 27 oP 61° Fracture conchoidal. 
1=35, G=32 Translucent, resinous Reddish yellow or 
nown BB fuses easily to a black metallic globule Soluble in 
acids ( c 89 phosphoric acid, 8 iron protoxide, 42 manganese 
~rotoxide, an! 12 water Hureaux near Limoges 


MINERALOGY 


Heteronte H =5,G =35 
Dark violet or blue to greenish 
son red 
Hureaux 


892 Dicxinsonirz, 4(R,P,)+3H, 


Opaque, vitreous or resinous 
ey , streak violet blue o1 crim 
Contains more iron and Jess manganese than the above 


Obhque prismatic, C 60°30 Crystals tabula: Cl basal, per 
fect =35 to 4, G=334 Vitreous, pearly on cleavage 
Ohve to oil green, and grass green, streak white Transparent, 


brittle Cc phosphoric acid 40, iron protoxide 127 manganese 


protoxide 25, lime 11 8, soda 6 6, wate: 38 Branchville (Con 
necticut) 


398 TRIPLOIDITE, (Mn, Fe),P?_+H.(Mun, He), 

Oblique pismatic, C 51°56 Generally fibious tiansparent 
resinoustoadamantine H =46to5,G=37 Yellowish biown 
Cc 48 45 oxide of manganese, 14 88 protoxide of 1ron, 32 1 phos 
phoric acid, 41 water Fanfield (Connecticut) 


394 FAaIRFIELDITL, R,P,+2H 
Anorthic, usually folaceons H=35 G=315 White to 
straw yellow, streak white Peuly to biillant wWamantine on 
cleavage Transparent, brittle ©c  hosphonie wid 38 4, non 
protoude 56, manganese motoxide 156 hme 30, soda 7, water 
10 = Fairfield (Connecticut) 


895 CHONDRARSENIF, Mn,As,+ 5H, 


In small giains H =3 Yellow to reddish yellow Trans 
heen brittle, fracture conchoidal Paisberg mimes (Werm 
and) 


896 ReEDDINGIID, Mn,P,+8H, 


Right pnsmatic P, P2 obo 
Vitreous, rose pink to yellowish white ‘Iianslucent fracturc 
uneven, brittle Cc phosphoric acid 34 5, iron protoxide 5 43 
manganese protoxide 46 3, lime 8 water 131 Branchville 


H =3 to 35 G=31 


897 Scoropits, Fe,As_ +4H, 
Right prismatic P with polar edges 102° 52 and 114° 40 


Crystals P (p), @Po (a), and Po (1) also OP, 4P (2), oP (n) 


2P2 (s), oP2 (d) 120° 10, and 2Pco (m) 
132° (fig 4.7) also columnar and fil1ous 
Cl imperfect, biittle H =35 to 4 
G=31to032 Translucent vitreous 
Leek green to grecnish black also indigo 
blue, 1ed, and brown BB fuses easily 
with arscuical odour to a grey magnetic 
slag Sol inh acid toa brown solution 
Ce 49 8arsenicicid 34 6 iron peroxide, 
and 15 6 water St Austell in Cornwall, 
new Limo,es in Fiance Schwarzenberg, 
Lolling m Cannthia Brazil, and Sibena 


398 STRENGITE, Fe P +4H, 
P with polar edges 


Right pmsmatic 
101° 38 and 
115° 36, md 
dle edge 111° 


30  oP2 (da) 


and Pc (7) 
P (P), OP (A), 
2Poo (m) 48° 
(fig 428) Cry 
stale gencrally 
7, P,d, rdo 
mmant Clr H =3to4, G =2 87 
Cherry red Translucent Ce prot 
oxide of iron 4318, phosphoric acid 
37 42, wate: 194 Roch Bndge (Vn 
ginia) Fig 425 (sp 398). 

899 DuFRLNILL (Kraurite), 2ke,P_+3H, 

Right prismatic oP about 123° Spherical orremform Cl 
brachydiagonal , buttle H =8to85,G@=—33to34 ‘Trans 
lucent on the edges, or opaque, shining or dull Dirty let green 
or blackish green, streak sishin green Cc 63 non peroxide 
28 phosphoric acid, and 9 water Westerw id, Hirschberg, and 
Limoges 


400 Buravnits, 5Fe,3P_+14H, 

Occurs in small foliated and columnar aggiezates Cl plane 
metallic peirly H =2, G ~2878 Colom hyacinth ied to 
reddish brown, streak duty yellow Cc 545 peronide of iron, 
28 65 phosphoric acid, and 1655 water Bohemia, Scheibcnlkrg 
in Saxony 





Fig 427 (sp 397) 





405 


401 Exrovorire, 3he,2P,+8H, 

Oblique prismatic C 48° 33 Twin face the orthopimacoid 
Cl oP’ H=8 to4 Dark hyacinth red, streak yellow 
Vitreous to peatlh Ce 51 94 peroxide of iron, 31 88 phosphone 
acid, 16 87 water Eleonore mine near Bieber 


402 CacoxEnz, 2Fe,P,+12H 
Radiatcd tufts, of a brownish yellow colour H =3 to 4, 


G =3388 Sol inh aud Fiom the Hibeck mine near Zbirow in 
Bohemia 


403 PHARMACOSIDERITE (Cube Ore), 4ke 3As,+15H,. 
Cubic and tetrihedial usually 00, with or oO Buttle 


H=25 G=29to03 (Cl wOo Semitiamsparent to translu- 
cent, adamantine or resinous Olive t) emerald green, honey- 
yellow, and brown, stieak straw yellow Pyroelectric Ce 48 
arsenic acid, 40 1ron peroxide, and 17 water Catharrack in Corn 
wall, Burdle Gall in Cumbeiland, Lobenstein in Reuss Schwarzcn 
berg in Saxony, North America, and the gold quaitz of Australia 


404 Caxatrr (Turquorse), 2(Al,)P +5H, 

Missive reniform, o1 stalactitic, fracture conchoidal H =6, 
G —26to28 Opaque on translucent on the edges , Gull or waxy 
Sky blue, greemsh blue raely green streak gieenish whnte 
Ce 47 alumina, 32 5 phosphoric acid, and 20 5 water, but mixed 
with phosphate of iron and co Fe Silesia Lusatiz, and Reuss 
Oriental turquoise 1m veins, at 5 eshed near Herat im pebbles in 
hhorasin Bokhaa, and Synan desert Takes a fine polish, and 

valued as in o1namental stone, but 1s destroyed hy oul, and 
deteriorated by soap 


400 WAVELLIIL (Lasvonite),3A]_2P +12H, 
Right prismatic oP 126° 25 , Poo 106°46 Crystals Poo 


(P) Pd) Poo (0) (fiz 429) but generally small, acicular, and 
in radiated hemispherical and stellate fibrous masses (C1 along 


oP and Po perfet H =80to4, G-23to25 Translucent, 
vitreous Colourless, but generally yellowish or greyish, 
sometimes green or blue Cc 48 alumma 303 phos - 

phonic acid, and 267 water but generally traces of | 

fluonie acid (2 per cent) Shiant Islands and Glencoe 
in Scotland Barnstaple St Austell, near Clonmel and 
Portrush, Beraun in Bohemia, Amberg in Bavaiia, also 


in New Hampshire and Tennessee Ceruwleolactin, from Fig 420 
Nassau, has two equivalents less of water 

406 VarisciTe Al P,+4H 

Right prismatic, reniform, conchordal fracture H =4 to 5, 
G =234to238 Apple and emerald green, streahwhite Ce 
32 4 alumina, 44 85 phosphoiie acid 2274 water Messbach in 


Riuss, Montgomery county in Arkansas 
Zepharovichite fiom Bohenna contains one equivalent more water, 
Evansite from Hungary two equivalents more 


407 Fiscnerric, 2A1,P,+ 8H, 

Right prismatic oP 118° 32, generally in crystalline crust» 
H =5, G =246 Ghiaso and olive green ‘Vitreouslustre Ce 
alumini 42, phosphoric acid 29, water 29 Najoi Ta ilsk. 


408 Preanite, 241,P_+6H, 

Right prismatic oP 127° In thin reniform crusts, of hbrous 
structure H —3 to 4, G =249 to 254 Guinss and emerald 
green \Vitieous or gicasy lustre Cc alumina 45, phosphoric 
avid 31 3, water 237 Stricgis in Sarony 


409 Horrie, 4nsP+4H 


Right pusmatic oP2 82°20, P with yolar edges 106° 36 and 
140° Cl macrodiagoni) perfect H =25to3 G =2 foto 255 
Vitreous or pearly = Gieyish white Ce oxide of auc 35 21, 
phosphonic avid 31.1, water lo 8 Altcnberg 


410 Apawitr 4ZnAs +H 

Right pnsmitic oP 91°52 Cl macrodomic 
G =434 Lustre vitieous Colom honey 
yellow to violet, stresk white Trans 
parent Cc oxide of zinc 56 6, arsmic 
acid 402 water 82 Cape Garonne m 
Fiance, Chanareilo in Chili 


H =35, 


41] LiBerHENtir 4CuP,+6H, 


Right pnsmatic oP (u) 92° 20’, Poo 
(0) 100° 52, and P (hg 430) H =4 
G=36to38 ‘Translucent on the edges 
resinous = Leek , olave , or blackish green, 
streak olive green Cc 66 copper } rot 
oxide, 30 phosphoric acid, and 4 witer 





Fiz 4.0 (sp 411) 
| Gunnislake (Devon), Labethen (Hungary) Naynt Tagish 


406 


412 Oxivenire, 4 u (As,P,)+ He, 


Right prismatic (P) (r) 92°30, Pao(/) 110° 50, wP: (n) 
(fig 431), also spherical and 1emiform, an 
columnar or fibrous Cl (7) and (¢), 1m 
perfect H =3 G =41to46 Pellucid 
inall degrecs, vitreous risinous or silky 
Leek , olive , or blackish green, tso yellow 
or biown, sticah olive green or biown 
BB in the forceps fuses easily to a dath 
brown adamantine bead, covered with 
radiiting crystals on charcoal detonates, 
emits arsenical vapours, and 13 reduced 
Sol mm icids and ammona Ce 565 
copper protoxide, 39 5 arseme arid and 4 
water but also 1 to 6 phosphoric iid 
Carharrack, I'm Croft, Gwennap and St 
Day in Cornwall Alston Mooi, Thuringia, 
Tyrol, Siberia, Chili 


413 Vuszeryitr 9(u 6Zn, P As +18H, 


Oblique prismatic, C 108°x0 =H =35to4 G =353_ Green- 
ish blue Cc copper 87 34 25 20 zine oxide 10 41 arsenic acid, 


9 01 phosphoric acid, 17 05 water Moravicza (Banat) 


Fig 431 


414 Duscioizite, 2PbV_+H 

Right prismatic oP 116° 25 H=35 G =5 86 to 61 
Ohye browntoblich Ce 56 48 o.de of lead, 10 6 oxide of zinc 
116 oxide of manganese 2274 vanadic acid Sierra de Cordoba 
in the Argentine Republic 


415 VotsorTarie 4(Cu, Ca) Vz, +H 

Hexagonal small tabular crystals, OP, oP, single or in groups 
Geneially massive H =—3, G =345 to 389 Obie green, 
streak almost yellow BB on charcoal fuses ersily and forms a 
gray hite like slag, contammg giamsof copper Sol inn acid, ind 
with wate: gives a brick red precipitate Cc 37 to 38 vanadic 
acid 39 4 to 46 copper oxide, 185 to 13 lime 36 to 5 water 
Sissersh (Urals) Niyni Tagilsk, and Fnedirhroda in ['hurina 


416 Tacinuig 4luP +3H 
Obliyue z1ismatic, but botryoidal and 1adiatin, fibrous, or 


earthh H=3 G=4 Emerald gieen Cc 61 8 copper prot 
oxide 27 7 phosphoiice acid, wd 105 waiter Niyni Tagilsk, ant 
near Hirschberg 


417 Evcmroire 4Cuds +7H 


Right prismatic oP (4) 117° 20, Poo 2) 80° 52, with oP? 
(1) and OP (P) (fig 432) Bnttle H =-35 
to4, G «3 380 to3 4. Irinslucent vitre 
ous Emeiald or leek green, streak ver 
digns ziceen BB in forceps fuses to a ff 
greenish biown crvstallized nass kasily | 
sol inn aud Ce 47 copper protoxide, | 
34 arsenic acid, and 19 wate: Labethen in | 
Hungary 

418 Ertnitc 5Cuis +2H 


Reniform and foliated conchoidal fracture 
H =40to 5 G=4to41 Trinslucent on 
a. edges dull resinous Emerald or grass green 

c 
Cornwall 


419 Druyriic 5CuP,+2H, 


G=44 Oaide of copper 69 phosphone acid 24 7, water 6 25 
Rheinbreitenbach and Nim Tagilsh 


420 Morrriwire, 5\Lu, Pb)V +2H, 

Black crystalline crusts, streak yellow H =8, G =59 
Cc oude of copper 20 4, oxide of lead 72 vanadic acid 18 7, 
water 37 Mottram im Cheshire 


421 Kuiire 5CuP +3H 

Right jrismatic Lctrvoidal ra hating foluted H =15 tod, 
G =3 8to4 27 Tiauslucnt on the edges , pearly on the cleavage 
\ Aaa gre 5 streal paler Cc 67 copper protoxide, 24 

eet oe acid, and 9 wate: Ehl on the Rhine, Niyni ‘Lagusk, 

422 Tyrorire 5Cuds +9H 


Right prismatic Cl basil jerfect yremform  Radhate folia 
ceous H =15to2 G =3 Lustie pertly on cleavage face Colour 
rie en “ ee ee to sky blue, streak yalcr Sub 
ranslucen © oxide of copper 503 arsenic acid 29 2 
205 Tyrol, Hesse, Thuringia " fae 


423 PHOsPHOROCHALCITE (Lunnite) 6Cul +3H, 
Oblique prismatic Crys.als oP*2 (f) 38° 56, P(P) 117° 49, 





Fig 482(sp 417) 
streak similar 
599 copper piotoxide 347 atsenic acid, and 54 water 


Co? wwallite has 3 o1 5 of waiter 


MINERALOGY 


with OP (a) and oP*c (e) (fig 488), usually small und indistinct, 
more common 1n spherical or reniform and 
1adiated fibrous masses H =5, G =41 
to48 Translucent throughout or on the 
cdges, adamantine toresinous Blackish , 
emerald , or veldigrisgieen Cc 708 
copper protoxide, 21 2 phosphoric acid, 
and 8 water Cornwall, Rheinbreitenbach, 
Nini Tagibk 


424 CLINOCLASE, 6CuAs,+ 3H, 

Oblique prismatic, C 80°30’ OP (P), 
ooP (m) 56°, $P%c (a) 99° 80, (7) 128° 48 
(figs 434, 435), and hemisphencal Cl 





Fig 483 (sp 428) 
basal, perfect H =-25to3, G=42to44 Translucent, vitie- 


ous, pearly on cl Dark 
verdigris green to sky blue, 
streak blue Cc 626 
copper protoxide, 303 ar 
senic acid, 7 l water Coin 
wall, Tavistock, Eizgebirge 


425 MIxiTE 


Oblique prismatic or an 
oithic (?) Radiating, cen 
tially granular oP 125° 
H =3to4,G =266 Eme : 
rald grea to blue green, / 


strea aler Cc 4821. ae; 
copper ae 13 1 bismuth 8 434 (sp 424) Fig 485 (sp 424) 


oxide, 80 45 arsenic acid, 111 water Geistergang, Joachimsthal. 


426 RHAGITE, 5Bi,2As,+8H, 
Grape like groups of minute crystals Colour yellowish green , 





—_—_——" 





stieak white Lustre wix like, bnttle H=-5, G=682 Ce 
bismuth oxide 795, arsemic acid 15 6, water 49 Neustadtel 
nea: Schneeberg 

427 Trocgrite, 3L As,+12H, 

Oblique prismatic, C 80° Crystals thin tabular (C1 clino- 
dixgonal, perfect Lustre pearly G=33 Lemonyellow Ce 
65 95 oxide of uranium, 17 56 arsenic acid, 16 49 water In closed 


tube gives off water, and becomes golden brown, but again yellow 
on cooling Neustadtel 


428 Srruvirz, (NH,, 2Mg) P,+12H, 

Right prismatic Poo (a) 08° 7, Poo (c) 95°, 4Poo (8) 30° 82’, 
cP (n), $Poo (m) 123°, OP (0) (fig 
436) Cl biachydiagonal, _ perfect 
H =15 to2, G@ =166to175 Trans 
arent or opaque , vitreous Colourless, 
ut yellow o: Lrown Ce 299 phos 
phoric acid, 163 magnesia, 106 am 
monia, and 44 water nder St Nicholas 
church at Hamburg, and mm guano from 
South America 


429 ARSENIOSIDEPITL, 8CaAs,+3Fe,As,+ 6H, 


Spherical and fibrous, fuable H =-12, G=352 to 3 88 
Opaque silky Golden yellowish brown, streak yellowish brown 
Cc peroxide of iron 39 4, lime 13 8, arsenic acid 87 9, water 8 9 
Romaneche near Macon 


430 CHAICOSIDERITE 
Anorthic Laight green crystass G =311 


oxide of iron, 8 1 oxide of 
copper, 445 alumina, 
v0 54 phosphoric acid, 
15 water Cornwall 

431 Lazuniie, Al,P_ 
+(Mg, Fe);P.+2H, 

Oblique prismatic, C 
88°2 oP 91°30, P(e) 
99° 40’,-P (p) 100° 20 
Crvstals often tabular 
through distortion , twins 
on OP, and @P°%, also 
massive, fracture splint 


ery Cl «P H=5 to 

¢ =3to31 rans ig 487 (sp 431) 
Incent , vitreous 7 2 : 
white In closed tube j1elds water, and loses colour Soluble in 
acids after ignition Ce 317 alumina, 10 magnema, 6 prot 
oxide of sron, 44 phosphoric acid, and 6 water Salzburg, Styria, 
Liaal, Georgia, Lincoln in North Carolina. 





Cc 428 per 


7 


Fig 488 (sp 431) 


MINERALOGY 


482 CHILDRENITE, 2(Fe, Mn)P+AIP+15H# P=—P, H=H, &c 
Right prismatic Polar edges 101° 43’, 180° 10’, mil Ile 98° 44 


fi] Ss 


H=-45 to 5, G=318 to 83 Translucent 
NW 


vitreous Yellowish white to wine or ochre yellow 
brown, or almost black Cc 807 tron protoxide, 
9 manganese protoxide, 145 alumna, 29 phos 
Phonic acid, and 17 water tavistock, Crinmis 
and Callington (Cornwall) Fig 429 


488 EospHorirs (Fe, Mn),Al, 2+ 41 
Right prismatic P (p) 183° 32 and 118°56, oP (2) 104°19, 
Pe (a), oP (b), 2 (g), $F} (g), 2P2 (3) (polar edges 130° 26 
and 98° 42) (fig 440) Cl macio 
diagonal H =5, G =313 Pale 
red Vitreous Cc 22 alumina, 
7 4 protoxide of iron, 23 5 oxide of 
Manganese, 315 phosphoric acid, 
15 6 water Fairfield (Connecticut) 
434 Lrroconrrr, Cuyds+AlAs 
+ 2475 
Oblique prismatic, C 88°33 of 
(d) 61°31, Peco (0) 74° 21 (fig 349) 
H=2to25 G=28to3 ‘Trans 
lucent , vitreous or resinous Azure 
blue to verdigiis green, stieak pale: 
Ce 366 protoxide of copper, 11 9 
alumina, 266 arsenic acid, 24 9 water 
in Hungary 


485 CHALCOPHLLLITF, Cu,As+12H 


Hexasonal rhombohedral , R 69° 48 (fig 441) 
sechle H=-2, G=24 to 26 
Transpaient vitreous to adamantine 
Pearly on OR (0) Emerald to grass {+ » k 7 
andveidigris green streak pale green 
Soluble in acids and ammonia Cc 


Fiz 440 (sp 438) 
Redinth, Heriengiund 


Cl basal, perfect , 


Iig 441 


protoxide of copper 49 6, arsenite. acid 18 wat. 824 Redruth and scarlet (Leadhills) 


m Cornwall Szda in Saxony, Moldawir the Banat 
436 Uranrig, (Ca, ¥,) P+ 8H 


Right pusmatic oP 90° 43, P middle edge 127° 32. OP P_ shire, Yorkshire, Durham, Cumberland, Wicklow 
Crys 


11614 OP 2P0109°6, OP 2Pa 109°19’ (figs 442 443 
tals flat (1 busal, perfect, sectle H =1 
to 2,G =8 to 32 Translucent pearly on 
OP Sulphur yellow to siskin green  streth 
yellow Cc 155 phosphonc acid, 626 
urinium peroaide, 61 lime, and 15 8 water 


e 
¢ 
“ rf 
Ld m 
8 
Fig 442 Ii 448 
Cornwall, Autun anil Limoges in Fiance J hann Groigenstadt 
and E:benstock im Saxony, Chesterfield in Massachusetts 


437 URanospinitr, (Ca, & )As + 8H 


Right prismatic quadrangulu, scale like aystals Cl basal, 
perfect i =23,G =345 Siskingren (c¢ hme 5 47, sesqui 
oxide of uranium 59 18, arsemc acid 19 37, water 16 29 eu 
stadtel 

438 Uranocirciig, (Ba, §.)P+ 8H 

Yellowish gieen crystals, isomoiphons with 437 Cl_ basal 


G =353 (Cc sesquioxide of uranium 56 86 biryta 14 57, phos 
phone acid 15 1, water 14 Falkenstein m Voigtlin | 


489 CHALcoLITE, (Cu, §,) P+8H 

Pyramidal P middle edge 142°8, Poo 128° 14 Crystals 
OP, P, oP, Po Cl basal, perfect peaily lustre, brittle 
H =2 to 25,@ =35 to 86 Grass to emerald or verdigris 
preen, streah apple green Cc 152 phosphoru acid 61 
uranium peroxide, 8 5 copper protoxid , and 158 water Red 
ruth and dt Austell, Johann Georgenstadt, Eibenstoch, Schnecberg 
Bodenmais, Baltimore 


440 Zrunriu., (Cu, ¥,)As+8H. 


Pyramidal P unddle edge 142° 6’ OP P 109° 57 = Crystal 
tabular Cl basal H =25, G=353 Grassgren Lustre 
pearly Cc 77 oxide of copper, 


water Huel Gorland m Cornwall, Neustadte)], Joachimsthal, 
Zunnwald, Wittichen 





55 95 sesquioude of uranium 14 Translucent or opaque, resinous 


407 


441 WALPLIGHE, 5BiAs+3tbAs+ 10H 
Anorthic, in scaly crystals Wax yellow to pomegranate red 
Adamantine to gieasy H =35,G =576 Ce uioxide of 


bismuth 60 4 sesquioxide of uranium 20 4, arsenic acid 13, water 
4 Neustadtel 


442 PLOWBGOMML, Pb,P + 6AlH, 


Reniform or stalactitic , fracture conchoidal and splintery H = 
4 to 40, G=03 to64 Thanslucent, resinous Yellowish or 
gieenish white to reddish broun Cec 388 protoxide of lead, 35 
alumina, 8 phosphoric acid, and 19 water, but with 2 chlonde of 
lead Poullauouen, Nuissiere (near Beaujcu), Georgia 


ComMPouNDs oF PuosPHatrs, VANADIATES, AND ARSENIATES 
with Haxorp Satts 


443 ApaTiTE, 83CaP+Ca(Cl, F) 


Hexagonal] and pyramidal hemihedric P 80° 26 Ihe most 
common forms are oP (M), oP2(n) OP(m) P(x) the base OP 
seldom wanting (figs 92, 95, 96, 97,98) The crystals are short 
prismatic or thick tibular, also granular, fibrous, or com 
pact, fracture conchoidal or splintery, brittle H =5, 
G =31 0325 Transparent to opaque, vitrcous to resinous 
Colourless and white, but generally hght green, grev, blue, 
violet or red Cc _ phosphate of hme (89 to 923), with 
chloride (to 11) or fluonde (to 7 7) of calcium, or both Dissemi 
nated in granite, gneiss, mica and hornblende slates, prim 
limestones, and trap rocks, also in beds and veins Sutherland, 
Ross, and Aberdeen, in granite and limestone, Cumberland, 
Devonshue «and Cornwall im tin mines in Sarony, Bohemia, 
St Gotthard, lyrol, Kragero im Norway, New York, Canada 


444 PyromorPHIi! 3Pb,P-+ PbCl 
Hexagonal P80°44 Crystals oP, OP, with mP2 or P(A, P, y 
fig 444) occasionally thi hir im the middle, or spmdle shaped, 
also reniform or botiyoidal fiacturc conchoidal or un 
even H =—35to4,G =69to/ ‘Translucent resin gs 
ous or vitreous Coloutless, but enerally grass , pis 
tachio, olive orsishin gieen, and clive or hair brown 
Cc 897 jhosphate and| | W 
103 chloride of lead but with 0 to 9 arsemiate of 
St 
Rig 444 


lead, 0 to 11 phosphate of lime, and 0 to 1 fluonde of 
calaum Elgin, Wanlochhead also Cornwall Derby 

Prabram Mus and Bleistalt in Bohemia, Berezoff, Phoenixville 
in Pennsylvania and Mexico 


445 VANADINITE, 38PL;¥+ PbCl 
Hexagonal P 78°46 koims oP OP (0), P(z), 2P,4P (54), & 
ooP} 2P2 (hg 44) T'rins; vent to ee AES 2s 
oprique resinous Honey yellow to 
gieyish biown streak white H <3 
G =6 8to7 2 Ce oxdcoflad70 83 
| vanadx acid 19 35 lead 7 2, chloin 
| 2 62 Wanlockhead, Windischka;} | 
in Camnthi, Haldenwirthshins im 
the Black Forest, Bolt im West Gc 
land, Beiezovsh, Zimapan in Mexico 
Cordoba in the Argentine Republic 


446 MIMETESITE, 8PbyAs + PbC] 

Hexagonal, P 81° 48 Crystals 
oP, OP P (figs 91, 444), or P, OP 
Cl P, fracture conchoid il or uneven 
H=-35 to 4 G=_719 to 7 20 
Translucent Colourlcss but usually 
honey or wax jellow yellowish green 
or grey Ce 907 atsenmite and 
9 3 chloride of lead but part of the usenie occasi 2 ally repliced by 
phosphonc acid LL allills Huel Alfred and Huel Un tv m Com 
wall, Roughten Gill and Dy Gill m Cumberland, Beeralston in 
Devonshue, Johann Georzei stadt Zmnwald, Badenwerler, St 
Pris in Fiance, Nertchinsh and Zicatecas in Mexico 


447 Wacniiiti, Mg,P + MzF 


Oblique prismatu C 68°2> oP 57°36 Cl prismatic, and 
orthodiagonal imperfect fracture conchoidal or splintery H =5 
to5. G=8tod2 Transluccot oi transpirent 1¢ mous Wine 
vellow and whit. Ce 433 phosphone acid, 11 4 fu mm, 37 6 
magnesia and 77 magnesium but with 3 to 45 mc 1 yrotoude 
and 1to4hme Werfcn in Salziurg 


448 Tripiitr, (Fe, Mn),P+Rk 

Oblique prsmatn , only granular Cl im two dire tions at 
right myles, fracture conchowal H =5 to55 G—3» to38 
Chestnut or Lluhish brown, 
streak yellowish grey Coc mon and manginse yrotoxidcs, with 
$8 phosphoric acid, and 7 or § fluorine. Limoges, schlaggenwald. 









li, 440 4 4p) 
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449 Zwigsr.irk, (1'e, Mn)sP + FeF 
Right prisinatic , but only massive 
to 5, G =395 to4 Brown, stresk yellow 

Zwiesel in Bavaria 


450 Avpiyconi #l,P,+(ii, Na)sP;+AlF,+(Li, Na)F 

Anorthic crystals rare coarse granular C1) OP, pearly, meeting 
two others at 105° and 87° 40 kiuture uneven and splinter) 
H =6 G=8to31  Iranslucent, vitreous Greyish or greenish 
white to pale mountun green Ce 479 phosphonic acid, 34 5 
alumini 69 lithia, 6 soda, and 83 fluorine Pemig, Arendal, 
Montcbris (Cieuse, France), also Hebron and Patis in Maine 
Montibrasie has no soda 


451 DtranairE, (Ry) As+2NaF 

Oblique prismatic, crystals like hcilh smite (sp 669) oP110°10, 
P112°10 Cl pnsmatic H =5,G =3 95to4 Bnght orange-red, 
streak cream yellow Vitreous Cc alumina 17 2, 1ron protoxide 
9 2, arsenic acid 53, soda 13 1, fluorme 77 Durango (Mexico) 

452 HurDLiliE 

Right prismatic P polar edges 77° 20 and 141° 16, oP 115° 
53 Frictme conchoidal H =5, G =29 to 3 Translucent, 
vitreous, unclining to resinous Yellowish or greenish white 
Ehrenfriedersdoif in Saxony An anhydrous phosphate of alumina 
with lime and fluome 


Cl basal, perfect H =—45 
Ce Ithe trplite 


PHOsLHATES W11H SULPHAIES AND Bot ATES 
4538 Sv anpei cur 
Rhombohedial, R 90° 85 H=45 G=257 Vitieous to 
adamantine Honey yellow, reddish brown, and rose 1ed , streak 
reddish Subtranspnent Cec 37 8 alumina, 6 lime, 17 3 sul 


phuric acid, 128 soda, 17 8 phosphouc acid, 68 water Horr 
sjoberg 1n Wermland 

454 DiapocnitL, # P+ 2FeS, + 828 

Reniform and stalactitic, fracture conchoidal H ~3, G =19 


to 2 Resinous, vitreous Yellow o1 yellowish biown, streah 
white Cc 367 son protoxidc, 148 phosphoric acid, 15 2 
sulphuric scid, and 30 3 watur Grafenthal and Saalfeld 


455 Pirricire, te S,+ 2hexAs + 24 

Reniform and stalactitic, brittle, tracture conchoidal H =2 3, 
G =23t025 Sanslucent throughout, or on the edges , 1esinous 
to vitreous Yellowish, reddish, or blackish brown, sometimes m 
spots or stripes streah light yellow o: winte Ce 35 iron per 


oxide, 26 ascnic acid, 14 sulj huric acid, and 24 water In many 
old mines, as Freiberg and Schneeberg. 

456 BErupaNtitr 

Rhombohedril, R 91°18 H=35 G-=4 Vitreous Olive 


green streak gieenish yellow Cc oxide of iron 40 69, oxide of 
lead 24 05, sulphuric acid 13 76, phosphoric acid 8 97, water 9 77 
Deinbich in Nassau, Cork in Ireland 


457 LuNepuraite (2My, H) P+MiB+ 7H 
Concretions of fibious stimture Ce 252 magnesia, 29 88 
phosphoric acid, 14 74 boracic acid, 30 23 water Luneburg 
ARSENITES 


458 Lopviwi1e, Pb,As,+2Pb(1, 


Pyramidal Cl OP H =25 to 3, G=714 Pale green 
Vitreous on <1 wage , resinouson fracture Cc oxide of lead 59 67, 
lead 22 2, aisenious acid 10 59, chlorine 7 58 Langban 1n Wermland 


459 ‘LMILPALITE, CuAs 
Pyramidal, P111° 56 Blue green Lustrous Copiapoin Cloh 
SILICATES 
ANDALUSITE GRouP 
460 AnDaLusirr Alsi 


Right prismatic oP (m) 90° 50’, Poo (r) 109° 4 , Poo (s) 109° 51’ 
fry 
K ied m” 
oe ~ 
<I > 
™m m 
Nw, 


“Fig 446 Fig 447 
Alsocolumuur Cl m, fracture splintery H =7to75,G =31to 
82 Pellucid, vitreous Grey, green, red, orblue 3B 8 infusible 





MINERALOGY 


Not affected by acids Cec alumina 04 1, silica 869 Clashnatee 
(figs 446 to 449) and Clovain Aberdeenshire, Marnoch and Botnph 





Fig 448 


nie in Banffshire, Killiney Bay in Wicklow, Andaluna, Tyrol, 
Penig, Massachusetts, Litchfield in Connecticut 

Chiastohte H =5t055,G=—3 Pale giey, yellow, green, and 
red A compound structure, formed of tour double 
wedge shaped crystals, amanged 1m contact with the 


Fig 449 


angles of % square conoidal ctystal placed in their 
centie, and imbedded im a paste of clay slate The 
section of the compound structure forms a tesselated 
cross, the appearance of which varies with the portion Fig 450 
of the crystal which 1s cut Portsoy (hg 450) and *'8 
Boharm in Banffshue, Wicklow, Keswich and Skiddaw, Brittany, 
Pyrences, Maine, New Hampshire, Nova Scotia, Canada 


461 CyaniTE (Disthene), AIS1 

Anorthic , generally broad prismatic lengthened cry stals, formed 
by two faces (m, 4) mm 1106°15, 
m 1145°41,p m93°15 (hg 451) 
Hemitropes common, united by m 
Alsoradiated Cl m, perfect, brittle 
H =7, on cl planes 5, G =3 5 to 
37 Pellucid, vitreous Cl pearly 
Colourless, and red, yellow, green, 7 
mney, and blue BB  infusible 
Not affected by acids Cc same as 
mdalusite Hallswick m Shetland, 
Mount Battoch, Tarfside (fig 451), 
Botriphme (Banffshire), Tyrol, St 
Gotthard, Bohemia, Pontivy in 
France 


462 SILLIMANITE, +18: 


Right prismatic, oP 111° Crystals fibrous, columnar, and radi- 
ing Cl macrodiagonal H =7,G =32t03.6 Translucent, 





Fiz 451 


1esInous , oncl vitreous Greyish, gieenish, clove, or han-brown 


Cec and chemical characters hke cyanite Tvedestrand, Norway, 
Chester and Norwich, Connecticut Al,0,,810, 1s thus trimorphous 
Monrolite, Xenolrte, Bucholzite, Fibrolite, and Bamlte are varieties 


463 Toraz, 5A]51+ AIF; +SiF, 


Right prismatic oP (AM) 124° 17’, 2Po (n) 92° 42’, oF2 (1) 98° 
14’, P(o) Crystals always prismatic (fig 122), often hemimorphic 
Cl basal, perfect, fracture conchodal H =8, G =3 4 to 36 
Transparent, vitieous Colourless, honey yellow, amber, pink, 
asparagus green, blue Becomes electric by heat or friction, and 
the yellow colours become pink BB infusible Not affected by 
h acid, by digestion in s acid gives traces of fluorme The 
formula requires 33 2 silica, 567 alumina, 17 5 fluonne Part of 
the oxygen must be replaced by fluorine, as the total of the above 
1s 107 4 Ben-a-bourd and Arian, Scotland , Mourne Mountaina, 
Ireland, St Michael’s Mount, Cornwall, Sibena, Saxony, Bohemia, 
Connecticut, Austraha, Ceylon, Biaail, Peru The finest topazes 
are the blue from Scotland and Siberia, the pmk, the yellow 
from Brazil, and the colourless from Peru The last named when 
cut may be distinguished at once fiom diamond by their elec- 
tneity Pyrophysalite 1s a massive opaque cleavable vanety from 
Falun Pyenite 1s a columnar straw-yellow to reddish white 
variety from Zinnwald in Saxony 
and Durango in Mexico 


464 Sravro.itr, (Al, Fe) 81+ (Fe, 
Mg) Si 

Right prismatic oP (m) 128° 42’, 
Po (r) 70° 46’, Po (0), OP (p) (fig 
452) Twins common, as figs 140, 
144, 187, 453 Cl brachydiagonal, (7: 
perfect , fracture conchoidal to splin 
tery H=7,G =-35to38 Trans Fig 452 (Sp 464) Fig 453. 
parent to opaque, vitreous to resinous Reddish brown, streak 
winte BB infusble Notaflected byh acid, partially bys acid. 





MINERALOGY 


Ce silica 80, alumma 48 5, with 5 5 iron peroxide, 12 5 iron 
protoxide, 85 magnesii, ofttn impure Bixeter Voe and Unst in 
Shetland, Boharm and Marnoch in Banffshire, St Gotthaid, Gremer 
in Tyrol, Finistere, Urals, and North America Xantholete 18 a 
yellow vanety fiom Urquhait (Inverness) 


465 Sapprnirite, 4Mg, 5:1, 281 

Oblique prismatic, granular H =7 to 8 G =34 to 35 
Vitreous, } ale blue or grien, translucent, dichtoic Ce alumina 
63 2, magnesia 19 3, silica 149 Fishenaes in Gieenland 


TOURMALINE GROUP 


466 Tourmauinr, R,81+ Bs 

Rhombhedial, R133 10 Crystals of OR (&) —4R, usually 
long pusmatic, and strited (fig 45, and 249 to 252) Generally 
hemimoiplic, also radiating and fibrous, fracture conchoi lal to 
uneven H =60to75,G =3 to 33 Black varieties opique, 
others transjarent, vitreous Generally black, but cvlouriess 
yellow, brown, blue, gieen, and rose red, streak white Dnitlerent 
colours often disyosed in liyers yarallel to the axis, and 
portions of one crystal diffeiing also m colour aloig the 
axis By fiiction acquires p sitive electricity, and becomes elec 
trieally polar when hated Powder insol in h acid, imperfectly 
ins acid Ce complex, but all with water aid fluorine, some with 
boracic acid Coarse black colummar vanietics, calle Schord very 
common 10 gianite an! gneiss Black occur at Portsoy in Bantt, 
Clova, Cabrach, and Rul islaw in Alcrdcenshne, Bovey in Devon 
shire, St Just iu Cornwall, in Gieenland, Arendal, Iyrol, an 1 North 
America, blue or Juducolie it Uto in Sweden , green at Glen Skiag 
in Cromarty Crystals:uby red within suirounded by green or red 
at one extremity aud green at the other, also blue and pink at 
Albany, Pans, and Hebron in Mune  C irrint red or Jwbellite in 
India and Ceylon, also in Siberia and Brazil 


407 DaTHotitr, (1B + Casi, +H 

Oblique prismatic, C 89°51 oP (g) 115° 22 wP°2(f) 76° 38, 
P (P) 120°, Pc (a) 45° 8, oP%Q 
(8), 2Pec (0) (fig 454), or rhombic 
with 6 (90°, b a 185°, b ¢ 141° 9 
and f g16u°39 Fiactwe uncven 
or conchodil H=5 to55 ¢ = 
29to3 Tiinspuent or tru slucent 
vitreous Colouiless and tinted given 
ish, yellowish, or piukh In closed 
tube yields water 8B intumesces 





and melts cauly to @ clear glass, colounng the flurc green the 
powder gelatinizes nh avid Cc 881 silica, 21 6 boiacic acid, 
Bishopton in Renfrew, Glen 
Farg in Perthshire (fig 455), 
Salisbury Crags and Corstor oe 
Arenal, Uto, An luasbeig, 
Sesser Alp, Connecticut, 
and New Jersey Figs 238 ee 
uartz aftcr datholite termed < OE 


347 lime, and § 6 water 
phine Hill near kdinburgh, “ad i d 
239 are pseulomorphs of 

Fig 455 (sp 467) 


aytorie 
° 468 Evotase, 2G1Si+ 
ALT 


Obhque prismatic, C 79° 
44 = aP°2 (s) 11E°, 8P*8 (/) 
105°49’ Crystals specially of o@P2, oPt (7), 3P3 Cl clino 
diagonal, peifect, very brittle and fiagile fi vure conchordal 


LER 





WY 


H -75, G =8 to 31 


lig 457 
splendent , vitreous. 


Transparent 


409 


Mountain green, passing into blue, yellow, or colourless BB 
mntumesces, becomes white, and melts in thin splinters to a white 
enamel Not affected by acids Cc 42 silica, 35 alumina, 18 
glucina, 6 water Pera and Brazl, and Southern Urals Cannot 
be used as a gem on account of 1ts brittleness , whence its name 


469 HoMILire 

Oblique prismatic, C 89° 21 H =—55,G=328 Black and 
brownish black Vitreous Cec 27 28 hme, 16 25 protoxide of 
iron, 81 87 silica, 18 1 boracic acid Stoko and Brevig (Norway) 


470 BoTrRYoLitE 
Fine fibrous, botryoidal, or remform Snow white to hair brown. 


Chemical and ;hysical characters lke 
dath lite, but 10 64 of water,—being 2 ran 
equivalents Arendal Kak | 
471 GapoLiirTE, (Y, Ce, Fe) 1 
Oblique prismatic, C 89° 28 of 
116°, P 120°56 (fig 458) Fracture 
conchoidal, or splntery H =65 to 

7,G —4 to 44 Translucent on the 

edses, vitreous to resinous Black 

choid il (vitreons) varieties incandesce, é 
gilatiumzes inh acid Cc 36 to 51 Fig 458 (sp 471) 
er 10 to 151ron protoxide 5 to 17 protoxide of certum with 
anthanum 0 to 12 glucina, and 25to29 silica Hutteroim Norway, 
Ytterby, Broddbo and Finbo near Falun 


streak gicenish grey BB the con 


Errore Grou! 
472 ZotsiTsE, 4Ca, 8Al, 61+ 
Right prismatic oP 116° 26, oP214y 24, »P3 156° 40, Bo 


122°4 2P.01116 (fig 459) Cl brachydiag 
onil yeifett H =6 G =3 2t0384 White, 
brownish grey, and dark green BB intu 
mesces, aud forms a wlute or yellow porous , 
Miss aud on the edges fuses toa clear slass 
Cc 298 alumina, 2435 hme, 28 oxde 
of iron, 403 silua and 21 water Glen 
Urjuhart Dalnain and Allt Gonolan In 
verness Sterzing in lyro] the Sau Alp in 
Cimmthia, the Uralts, and Connecticut 
Thulite, pexrchblossom rei tiom Souland in 
Thelemark (Norway), 1s similar 


473 Epipore, 4Ca, 3Al, 651+ H i 

Oblique prismatic, C 89°27 oP°o( I), 
ooP 2 (0) 63° 1, P°« (7) 64° 36, -P (x) 70° 
25, —Poo (r) 68° 42’, P (.) 70° 
lag forms Hemutropes united by 7’, also columnar and granu- 
a 


r Cl Af, perfect, also 7, forming 115° 24, fiacture conchoidal 
to splintery H =6 to7 G=32t035 Pellucid, vitreous 


Green to yellowish grey 
B B_ fuses and ewells to 
a dark brown shag, after — C\ 

Shetland GlenelginInver LE rE” 
ness, Tilquilly in Aber 
20 per cent of manganese peroxide 
474 ALLANITE (Orthitle, Cerine), R91 + BS 





Fig 459 (sp 472) 
Crystals complex, with many 


fusion soluble with gela 

tunzation in h= acid 

Ce 274 alumina, 85 

1ron 4 e10x1 le, 23 9 lime, 

3883 silca 19 water 

deen in gneiss, 1n amyg Fig 460 Fig 461 
daloid in Mull and Shye, im gramite at Cassencary in hirkeud- 
bright, Arcndal, Dauphine, Greenland, the Urals North America, 
Withamite from Glencoe 1s a red, stiongly dichroic variety Pred- 
montite or Manganese Emdote brownish violet, from St Marcel, haa 





Fic 4638 


Obhi tic, C.65° oP (z) 70°48 P (n) 71°27,-P @ 
que prismatic, XW gs 


Fig 462 


410 


96° 40’, OP (Mf), Boo (r) Po (7) Wo 7115, 7 n 111° 21, 
Y @180°18 Often massive or granular fracture conchoal H 
=6, G=84to88 Translucent on edges, vitreous to rosinous 
Black to brown or greenish, streak brownish grey BB froths 
and melts toa brown glass Gelatunous with h acid. Ce 12 to 
18 alumina with peroxide of iron, 13 to 26 oxide of certum and 
lanthanum, 2 to 12 yttria 4 to 20 protoxide of iron, 80 of silica 
Small crystals common in the syenitic granites of Scotland , as at 
Lairg, Boat of Garten (fig 463), Aboyne, and Cnffel In hme 
stone at Urquhart (fig 462), Greenland, Hittero and Snarum, 
Thuringia, Pennsylvania, New Jersey Orthite (massive) at Finbo, 
Kragero, and Falun Cerne (granular) at Riddarhyttan Pyr 
orthite has carbonaceous matter Bodenrte is a vaniety 


475 IpocrasE, 3(Ca, Mg),Si+2A1S1 
Pyramidal , P (c) 74° 27’ (figs 464 to 466) Crystals oP (d), 





oPa (MM) P (c), OP (p), Po (0) 56° 29, oP2 (f) Prismatic, 
striated , also granular, fracture uneven H =6 5, : 

G =335to4 Pellucid, vitreous to resinous Brown, 

green, yellow, streak white BB fuses easly, with 
mtumescence, to a green or brown Loe Partially 

sol im h acid, after ignition totally, gelatimzng 

Cc alumina 16, peroxide of iron 7, lime 34, sila 

88 Glen Gairn and Crathie, Aberdeenshire, in lime- 

stone , Broadford, Skye, Wicklow and Donegal, Ire 

land, Egg, Norway, Mussa, Piedmont, Vesuvus, Fig 466 
Wilui miver, near Lake Baikal (fig 468)  Cyprine from Thele- 
mark 1s azure blue, from copper 


OLIVINE GRovP 


476 ForsrTerire, Mg, Si 

Right prismatic Like olivine (sp 478) 
$3 Vitreous , transparent White, wax 
yellow, greemsh, streak white Cc 
magnesia 571, silica 4286 Vesuvius 
Boltonite, red, 1s from Massachusetts 


477 FayauirE, Fe,S1 

Right prismatic , n n 49°36 (fig 467) 
Massive Cl rectangular Black, green 
ish, or brownish Metallic to resmous 
fracture conchoidal, magnetic H =65, 
f&=—4to 41 Ce __ protoxide of iron 
70 5, silica 295 ##Mourne Mountains, 
Ireland , Fayal, Azores 


H =6to7, G =32 to 


f 
¥ 


478 CHRYSOLITE (Olewne, Peridote) 
(Fe, Mg),S: 
Right prismatic P(e) 85° 16 and "8 467 (sp 477) 


139° 54 , middle 108°30 oP (n) 180°2, Poo (d) 76° 54, 2Pco 


(k) 80° 58 oPo (M) (fig 468) Also massive (Cl brachy- 
thagonal, perfect, fracture conchoidal : 
H=-65 to 7,G=—33 to 35 ‘Trans 

Tent, vitreous Olive green, yellow, 

rown, and colourless BB infusible 
Soluble, with gelatimzang in acids Ce 
47 magnesia 12 protoxide of iron, 40 
ailica, Talisker im Skye Haalival in 
Ram, hue in Fife, Unkel on the Rhine, 
Vesuvius, Esneh in Egypt, Braml Hya 
lastdersie, brown and yellow, with metallic 
lustre and 30 per cent protoxide of sron, 
is from the Kaiserstuhl in the Breisgau 


479, TepHroire, Mn. 





NOT—€5 
Fig 468 (sp 478) 
Right prismatic granular, with rectangular cleavages Ash 


Adamantine, translucent H =55to6 » G m4 
toxide of manganese 70 2, silica 298 Franklin 
ew Jersey 


grey, rose-red. 
to41 Ce. 


and Sparta m 


MINERALOGY 


480 Knesecure, Fe,S:+MnJ1. 

Massive Grey, brown, green, black Ghate: ; brittle, 
H =65, G =3 7 C e protoxide of iron 85 5. provid of 
manganese 35, silica 295 IJimenau, Dannemora wm Sweden 

481 Monticenure, (a,$1+Mg.s1 

Right prismatic P (f) 110° 48’ and 97°55, oP (s) 98°7, oP3 
(m) 188°6 , Poo (k) 81° 57, 4Poo (h) 120°8, P2(¢) 141° 47’ and 82°, 
ooPe (b) (fig 469) Vitreous Grey, 
yellowish and nish, abd white, 
streak white nslucent H =5 
to55,G =3t0o825 Cec hme 35, 
magnesia 21 9, protoxide of iron 5 6, 
silica 875 Sol inh acid, gelatiniz- [' 
ing Somma (Milan) 

482 CHONDRODITE (Hume), | 
Mg,Si, 

Right prismatic P middle edge 
156° 38, polar edges 131° 84’ and 
54° a (figs ae a) at a SAA 
monoclinic 1n habit, often granular 
massive H=65,G=815t0325  —«“*18 469 (sp 481), 
Translucent , vitreous to resinous Yellow, red, brown, green, and 
black, streak white BB infusible Decomposed byacids Cc. 








Fig 470. Rig 471 


silicate of magnesia, with 2 to 8of fluomne From limestone on 
Loch Ness (*), Pargas, Finland, Gallsjo and Aker, Sweden, New 
York , Sparta, New Jersey Hume, from Somma 


488 Lrevrits, 3(Fe, Ca)Si1+¥eSi+H 

Right prismatic P (0) polar edges 189° 80 and 117° 27’, oP 
112° 88 , Poo (d) 112° 49, cP2 (s) 106°15’ Crystals (fig 124) are 
long prismatic and vertically striated , also ted, columnar, or 


fibrous, bnittle H —55to6,G=—39to42 Opaque, resinous 
or mmperfect metallic Brownish or greenish black , streak black 


Hig 472 


BB fuses easily to a black magnetic globule Sol mb acid, 
forming a yellow jelly Cc 293 silica, 19 6 1ron peroxide, 35 2 
iron protoxide, 13 7 lime, and 22 water Rio in Eibe, Fossum, 
Kupterbers, Rhode Island, and Greenland 

484 CrnitTe (Ce, R),Si+ 

Hexagonal , OP, oP, in low six sided prisms Generally fine- 
granular, fracture uneven, splintery, bnttle H =-55, G =49 


to 5 Translucent on the edges, dull, adamantine, or resinous 
Clove brown, cherry red, or pearl grey Sol in bh acid, ae 


latinous silica, Cc 205 mlica, 73 5 protoxide of cerium (wit 
Aidgaiuie and Janthanum), and 6 water Bastnaes near Riddar- 
hyttan 


485 Gatmnt, Zn,$1+i 
Right pnsmatic, and hemimorphic , 2P2 (P) with polar edges 
101° 85’ and 182° 26’, oP (d) 108° 50, Poo (0) 117° 14, Beo (i) 


128° 55’ (fig 46), common form Pa (8), oP, Poo Also 
columnar, fibrous, granular, and earthy Cl pmamatic along oP, 


very perfect, along Poo perfect H =-5,@G=38to35 Trans- 

rent to translucent , vitreous and pearly Colourless or white, 
but often light grey, also yellow, green, brown, and blue, becomes 
electric by heat BB decrepitates elightly but 18 mfusible , wth 
cobalt solution blue and partly green , readily soluble in acids, and 

latinizes Cc 25 silica, 67 5 zinc oxide, and 7 5 water Wan- 
ockhead, Mendip Hills, Matlock, Raab] and Bletberg in Carmthua, 
Axx la Chapelle, Iserlohn, Nertchinsk, Pennsylvama, Virgima. 
Used as an ore of zinc 


WILLEMITE Group 


486 WittEMiTE, Zn,81 

Rhombohedral, R 116° 1 Cl basal, and prismatic, K; 
bnttl H =—55,G=~39tce12 White, yellow, brown, and red. 
Vitreous lustre Cc oxide of zinc 78, milica 27 Altenberg, 
Liege, Greenland, New Jersey 


MINER 


487 T.xoostire, Zn8:+ MnSi 

Rhombohedral , R 116° Cl prismatic, »P2, bnittle H =55, 
G=41  4-"-:--“ green grey, and reddish brown Vitreous 
oxide of manganese 18, sila 28 New Jersey 
488 CrnTrours (PbMn) 8: 


Right prismatic, oP 115° 18’ Form wP, P, wPo H =5, 
ae 2 Red brown Cl prismatic, splendent on P Southern 


Ce oxideofzine 


489 Puenacirs, G1,S1 


Hexagonal and tetartohedral, R (p)116°386 (fig 478 stals 
R, wP2, $P2 Twins with @) alas 
Iiel axes, and intersecting 

R, and wP2, fracture con 
choidal H =75 to 8,G = 
297 ‘Transparent or trans 
lucent, vitreous _Colourless, 
and wine yellow or brown when 
fresh, but colour soon lost on 
a ahah BB infusible, not 

ected by acids Cec glucina 
45 8, silica 542 Framontin | 
Alsace, Takovaya m Urals, 
Miisk, Durango in Mexico 


490 Droprase, CuSi+H 

Hexagonal and rhombohe 
dral R 125° 54, ~2R (r) 95° 
28, oP2, -2Rf(s) (fig 474) 
Cl R, perfect , brittle 





Fig 473 (sp 489) 


H =-5,G@=32to033 Transparent or 
translucent, vitreous Emerald green, rarely verdignis green or 


blackish green, streak green Cc 887 
silica, 50 copper protoxide and 113 water 
Altyn Tubeh in the Kirghiz Steppe, Murosh 
naya, Copiipo 

491 CHrysoco.ia, CuSi+ 2H 

Botryoidal or investing brittle, fracture 
conchoidal H =2to3 G =2to23 Trans 
lucent resinous Verdigris to emerald green 
or azure blue streak greemsh white Cc 
34 83 silica, 44 94 copper protoxide, and 20 23 
Mites Frisia Praca re in kirkcud 
right Cornwall, Saxony, Hungary, Spain, 
Urals, Austialia, Chih - a ae a 


492 BoagosiovsnirTE (Kupferblau) 

Massive fracture conchoidal, bnttle H = 
4to5,G=256 Sky toultramanne blue 
streak smalt blue,and shining A silicate of 
r cent copper oxide Schapbach Valley in 
Demidownrte may be the same 





Fig 474 (sp £90) 


copper, with 45 5 
Baden, Bogoslovsk in the Urals 


Garnrr Group 


493 GARNET, R,$1,+ RS: 


Cubic most common forms 0 and 202 (figs 33 40, 60, 475) 
Alsogranular Cl doidecahedral, fracture conchoidal, or splintery 
H =65to 75,@=35 to 48  Pellucd, 
vitreous or reemous Rarely colourless o1 
white, generally red, brown, black green, or 
yellow BB in general fuses to a glass, black 
or grey m those containing much iron, green 
or brown 1n the otheis and often magnetic, 
imperfectly soluble in h acid Ce ex 
ceedingly variable, but generally forming two 
series, according as RQ, 1s chiefly alumina or 
chiefly non peroxide, and these are again 





Tig 475 
divided according as RO 1s more especially lime, iron pro 
toride, magnesia, or a similar base The more :mportant vaneties 
are— 


(1) Lime Alumina Garnet, Caoi.+AlSi, with 40 silua, 28 
alumina and 37 hime 110 this subdivision belong— 

(a) Water Garnet —Colourlessto white Craig Mohr, Aberdeen, 
Thelemark in Norway 

(6) Grossular —Olive to gooseberry green Craig Mohr, Wil 
nver , America 

(c) Cinnamon Stone —Hyacinth red to orange yellow Glen 
Carn (Aberdeen), Allt Gonolan and Ord Ban (Inverness), Ceylon, 
Wermland Romanzowite, from Kimto (Finland), 1s the same 
‘Ils variety when polished 1s often sold as Hyacinth 

(d) Common Line Garnet —Here one half of the alumina 1s 
replaced by iron peroxide Colours red, brown, yellow Piedmont, 
Vesuvius, the Urals 

(2) Magnena Alumina Garnet , RO chiefly magnesia, Arendal 


ALOGY 411 


(8) Manganese Alummma Garnet, RO=MnO, reddish brown. 
Spessart (Bavaria), Sweden 

(4) Magnesia Iron Iname Alumina Garnet, Pyrope — Colour port 
wine to purplish red Elie in Fife, Zoblitz in Saxony, Bohemia 

(5) Iron Alumina Garnet, Almandine, Noble Garnet —Colum 
bine icd, inciimmg to violet, blood red, and reddish brown 
Common 1n mica slate, gneiss, and granite Shetland, Ross, 
Inverness, Aberdeen, Falun, Arendal, Tyrol, the Urals, North 
Amenca, Pegu, and Ceylon 


(6) Lime Chrome Alumina Garnet, Cr,81,+ (Gr, Al)Si, Uwaro- 
wie Emerald green, with 22 per cent chrome oxide Bussersk 
and Kyshtimsk in the Urals, India, and California 


(7) Lome and Iron Garnet, Cassigt+ke, 8:1 This includes— 

(a) Common Iron Garnet Rothoffite, Allochroite —Subtranslucent 
or opaque Green, brown, P ieee or black, with white, grey, or 
yellow streak Sweden and Arendal 

(b) Melanite —Black , opaque, in thin splinters translucent , 
streak grey , slightly magnetic Albano near Frascati, Vesuvius, 
France, Lappmaik 

(c) Colophonite —Yellowish brown to pitch black, also yellow or 
red, resinous, streak white G=343 Arendal 

The red vaneties, when cut en cabochon, are termed Carbuncles, 


494 Axinrre, (Al, B) Si1+2(Ca, Fe)S1 


Anorthic Crystals unsymmetrical « P 185° 81’, uw 7 115° 
38, P r 134° 45 (figs 136,137) Cl distinct pions planes trun 
cating the sharp edges between P andw andP andr H =65 
to7, G =32to33 Pellucid, vitreous Clove-brown, inclining to 
smoke grey or plum blue, but often cinnamon-brown in one direc 
tion dark violet blue in a second, and pale olive green m a third 
(truhrowm) BB colours flame green 1ntumesces, and fuses easily 
toa dark green glass, becoming black in the ox flame , not sol inh 
acid till after ignition, when it gelatimizes Cc 459 silica, 59 
boracic acid, 17 5 alumina, 9 3 1ron (with manganese) protoxide, 
and 214 hme _ Botallack and other mmes in Cornwell, Bourg 
d Oisans in Dauphine, Kongsberg, Arendal, Nordmark in Sweden, 
Pyrenees, St Gotthard, Tyrol, Thum im Saxony, Urals, and North 
America 


495 DANBURITE (Ca, B) 281 
Right pnsmatic oP (7) 122° 52, oP? (ec) 94° 52, Boo (d) 97° 
7, 4Pco (w) 54° 58, OP (c), P (0), 2P2(r) Pa (a), oP4 (n) 





Fig 476 


Fig 477 


Fig 478 


Big 479 
Cl basal, fracture uneven to subconchoidal , vitreous to greasy 


lustre H =7to75, G@ =—2 986 to3021 Pale yellow to reddis 
brown Translucent, bnttle Cc 22 76 hme, 28 46 boracic acid, 
48 76 silica Danbury in Connecticut, Russell in New Lork 


HELvINE Grovi 


496 HELvVINE, MnS+3R,8: ‘ 
Cubic and tetrahedral Sor $ me (fig 64 and with 66) Im 


bedded or attached Ci octahedral H =6 to 65, G =31 to 
88 Translucent on the edges, resinous Wax yellow, siskin 
green, or yellowish brown BB im the red flame fuses with in 
tumescence to a yellow obscure pearl, sol in h acid, evolving 
sulphuretted hydrogen, and gelatinizes Cec 34 silica, 10 glucina, 
8 iron protoxide, 43 manganese protoxide, and 5 sulphur, Schwarz 
enberg in Saxony, and near Modum in Norway 

497 Danatits, 8R,$:+ ZnS 

Cubic In octahedra, with striated dodecahedral planes, H =5% 
to6, G=343 Vitreous toresimous Flesh red to grey , streak 
hghter ‘Translucent, brittle Cc protoxide of iron 29, of 
manganese 6 5, of mnc 19, sihca 815, sulohur 55 Rockport 
in Massachusetts 


498 EvL\TINE, Bidsi, 
Cubic and tetrahedral 202 and sue The crystals (fig 66) 


small, and often with curved faces , fracture conchodal. H —45 
to 5, G=59to61 Transparent and translucent, sdamantine. 
Clove-brown, yellow, grey, or white, streak white or grey Cec. 
162 silica and 88 8 bismuth peroxide  Schneeberg and Brauns 
dorf near Frevberg 
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Scapolitr GROUP. 


499 Sarcourrr, 8Ca, 3A] Na, 951 

Pyramidal P 102° 54, Po OP, P, and other facesas in fig 
480, many of the faces being alternately hemihedral H =o 5 
to6,G=293 Vitrous Grey to roseicd Translucent, very 


bnttle Ce 
BB fuses to a white cnamcl, gelatinzes with acids 


alumina 215, lime 824, soda 33, silica 405 
Somma 





gs 


Fig 481 (sp 500) 





F x 480 (sy 499) 


500 Musowire 6(C 1 Na), 44], 981 

P (0) 63°42, Poo (t) oP 
H =5éEto 6 G =2 
to 274 Vitreous Colourless or white 
Transparent Much craked Ce 319 
alumina, 20 2 lime, 419 silica Gelatinizes 
iwnacids Som. 


501 Mrizzonirr, 6(C1, Na) 41, 155. 

Pyramidal P 64° 4 (tig 482) Similar to 
meionite Cc alumm 23 8, lime 8 8 
soda 9 8, sili 15947 Insoluble inh acil 
Somm. 


502 Sc APOLITE, 3(C1, Na)Si+Al Sig 


Pyramidal 
oPoo, perfect, ani of 


Pyrami Jal 


(c) oP (b) (fig 481) 
Cl microdigonal 6 





Fig 482 (sp 601) 


P 63°42 , Po, P, oF, also missive Cl 
H =5 to55,G=26to28 Trans 
parent or tr nslucent , vitreous, peaily, or ry nous (slourless, but 
also pale grvy, green vellow c1 ied BB melts with effervescence 
to a vesiculat glass, in the closed tube may show traces of fluorine, 


with solution of cobalt b comes blue SJ] inh wid Ce 49 
si a, 28 wumini (with iron peroxile) and 23 lime (with soda) 
Tiree (Scotlind), Arendal, Tunmberg, Pugis, Massachusetts, and 
NewYork known by its iectanular cli asage, resinous Instie cn 
fractured surfaces, ania tion BB  Dipyre, P 64° 4, 15 1 vanety 


503 Mriuivire \Humboldtalit.) 2(Ca, Mg)si.+ (Al, Fey 


Pyramidal P 65°30, OP, mPoo Cl basil, perfect H =<5 
to55,G =291to295 Translucent onelges vitreous to resin 
ous Honry yellow, orange brown, and yellowish white Cec 
32 lime, 7 mignesit, 9 alumina, 7 iron p roxide, 40 silica Capo 
di Bove, and Visuyius 


504 GLHLFNITY (Ca, Fe),S1+(Al, Fe) 


Pyramidal P 59° OP oPo oP8,2P Cl basal H =55 
to 6, G=29 to 31 Translucent on edges Dull resinous 
Mountain, leek, or olive green, and liver brown Ce 22 
alumina, 5 iron peroxide, 35 lime, 4 magnesia, 81 4 silica Mon 
zoniin the I1ss1 Valley 


Ni pHriine Group 


505 Letcitr, Al, &,+KS1 


Pyramidal Combination of the ditetragonal pyramid (2) with the 
tetragonal pyramid/o), and 2Poo(u) with oP(m) Hemitropes umited 





Fig 483 


Fig 484 


by (4) Fracture conchc.dal H =55to6,G =24to25 Trans- 
varent to translucent on the edges, vitreous imc] ming to resinous 

lourless, bit greyish, yellowish, or seddish white, streak white 
BB infasible, with cobalt ="Intion becomes blue Sol in h 


MINERALOGY 


acid, without gelatimizng Ce 549 silica, 236 alumina, and 
215 potash Abundant in the Jav1s of Vesuvius, the tufas near 
Rome, and the peperino of Albano, also at the Kaiserstuhl, and 
near Lake Laach Readily distinguished from analcime by its in- 
fasthihty, and by nevcr showing fices of the cube 


506 Nepuriine (JIeolie), Alsit+ 4(Na, E)o. 


Hexagonal fP 88° 10 oP, OP, P common; also fig 485 
Crystals imbedded, or in druses , also 
massive granular, fracture conchoid 1], 
oruneven H —5§5 to 6, G =2 58 
to264 Transprrent or translucent , 
vitreous and resinous Colourless o1 
white (nepheline), or opaque, dull 
resinous, and gretn, red, or brown 
(eleolite)y BB melts diffi ultly 
(nepheline), or easily with slight effei 
vescence («]eolite), into a vesicular 
glass Sol] and gelatinizesin h acid 
Ce 412 silica, 353 alumina, | 





coda, 6 5 potash Nepheline at Monte 
Somm, Capo di Bove, Katzenbuchel 
in the Odenwald, Aussig, and Lusatia 
Eleolite in the zircon syenite at Laur Fir 485 
vig Frediiksvan, Brevig, and Miask 6 

Darine, with 4P 51° 16’, seems only a variety, as also Caner: 
nity, bright blu, and with some carbonate of lime 


507 Microsowwrrr, RSi+ Als1+ NC 


Hexrgonal oP, OP, oP2, oP} Cl »P H =6,G =2 42 
to 253 Colouiless to yellow, lustie silky Sommaand Vesuvius 


508 Sopauitr, 3(AlSi+ NaS) + NaCl 


Cubic, 0, and fig 486, generally distorted , also massive and 
ganulir Cl oA, fracturc 
conchoidal or uneven HH = 
65,G =213t0229 Trins 
lucent sitresy Whute, gicy, 
ani rarely green or blue | ¢ 
87 «altca, 318 alumina, 19 2 
sodi, 4 7 sodium, and 7 3 chlo 
rine Greenland, Vesusius, 
Ilmcn Hills, Treditksvarn, and — 
Lit hfield in Maine 


509 Nost an, 3(A]S1+ Na‘) 
+i 
Cubic, and grinular H = 


55, G =228to240 Trins 
Incent, vitreous to resinous 





Fig 486 (sp 508) 


Ash or yellowish grey, sometimes blue, biown, or black Ce 36 
silica 31 alumina, 25 soda, and 8 sulphuric acid Lake Laach, 


and Rieden near Andcrnach, on the Rhine Occurs in phonolites, 


in minute crystals 


510 Hatrvr, 2(Aloi+ Nisi)+Cas 


Cubic, chiefly «QO, also fig 487, but more common in gruns 
C1 00 H =5 to55,G =24t025 Scmuitrinsparcnt or trans 
lucent, vitreous or resinous Azure or 
sky blue, streak blush white Ce 342 
silica, 28 5 alumina, 11 5 soda 4 3 potash, 
10 4 lime, and 11 1 sulphuric acid = Vesn 
nus, Mount Vultur near Melfi, the Cim | 
pina of Rome, and Niedermendig near 
Andernach 


51] Larrs Last 

Cubic , Ow, generally missive, granu ~~ * 
lar H~55,G=288 to242 ‘Irans Fig 487 (sp 510) 
lucent on cdges, dull resinous or vitrous Ultramarine, or 
azure blue, streak hight blue BB fuses readily to a white 
porous glass In h acid the powder is dissolved and gelatinizes, 
evolving sulphuretted hydrogen Cc 4550 silui, 5 89 sul 
phune acid 31 76 alumina 909 soda, 3 52 lime, 0 86 1ron, 0 42 
chlorine, 095 sulphur, 01% wite: Near Take Bathal, China, 
Tibet, [artary, Monte Somma, and Chil It 15 used for ornamen- 
tal purposes, and in the prepiration of ultrama:ne The colour 
both in 1t and hauyne stems due to some compound. of sulphur 
with sodium and iron 





Mica Giowr 
512 BrotitE (Magnena Mircea), Al,Si, + (Mg, ¥, Fe),Sig. 
Oblique prismatic, C 89° 59’ OP (:), 98° 41’ P (m),-4$P (0), 


wP*0 (b), Po (r), -$P*S (.) Cl basal, perfect, sectila, thin plates 
elastic H =25to3,@ =285to29 Transparent, but often only 


MINERALOGY 


in very thin lates Generally uniaxal, sometimes with diver 
gence=56", Metallic, pewrly Usually dark green, brown, or black, 
atreak greenish grey or white BB difficultly fusible to a grey or 


black glass Completely sol in concentrated s aud, lewving white 





Fig 488 Fig 489 


pearly plates of silica Co 39silica, 17 alumma 10 1ron protoxide, 
20 magnesia, 9 potash Hillswick, Shetland, m gneiss Sutherland, 
Ross, Inverness, in limestone, Skyeand Hifein trap Paigas Bo len 
mais, Greenland, New York Rubellan is a decomposed vaniety 


513 Havenrtonite, (Al,Fe) Sit+(Fe, K) & 

Oblique pnsmatic Cl basal, perfect H ~8,G =31 Vitreous 
to adamantine Chocolate brown to black Weathers pal grecn 
and ochry Dnfficultly soluble im acids BB fused with difficulty 
toa highly magnetic bead Cec silica 36 alumina 18, ferric oxide 
45, ferrous oxide 18, magnesia 9 potash 8 water 3 Common in 
the granites of Scotland Black Foiest Harzbuig, Tyrberger 


514 LeprpomELang, (Al,te) Si+(Me, K)s 


Oblique prismatic Cl basal, perfect, brittle H =3 G =2 97 
Vitreous, Ganipareat to opique Rich brown to raven black 
BB fuses easily to a black feebly magnetic berd Sol in h 
acid, leaving pearly scales of silica Cc 37 silxa, 17 alumina 24 
iron peroxide, 3 protoxide of iron, 8 potash, 10 magnesia, 4 watei 
Rarely in gneiss, Scotland , common 1n granite, Ireland, and Pers 
berg, Sweden 


515 ANomite, 12Mg 3Al, 2K #, 1281 


Obliqne prismatic ¢ m98° 42 Formc,m, 0, b (see fig 488), 
divergenceof optic axes 12 to16° Monroe(New York), Lake Baikal 


516 Puuogorite, (3k; +48) Si, 

Oblique prismatic OP (c) P(m),-4P (0), Poo (b) ¢ m98°30’ 
to 99° Cl] hasal, perfect H =25to8,G =275t0297 Pearly 
to submetillic Yellowish brown with copper like reflexion, also 
green, white, and colourless Transparent Divergence of oy tic 
axes 8° to 20° Cc 14 alumina, 2 protoxide of ron, 28 mig 
nesia, 8 6 potash, 2 57 fluorine, 41 silica BB whitens, and fuses 
on edges Decomposed by s acid, ae the silica in scales 
Pargas (Finland), Fassa Valley, New Lork, Canada Ceylon Char 
acteiistic of serpentine and of dolomitic limestones 


517 ZINNWALDITE 
Oblique prismatic Forms a» in figs 490, 491, also 2Poo(H) and 


3P°3 (a) m ¢ 98° to 99° Divergence of optic ares 65° G = 
282 to$2 Cec similai to muscovite (sp 519), but with 4 to 





Fig 490 Fig 491 

8 fluorine, 2 to 5 lithia, and traces of rubidium, cesium, ind thal 
hum Altenberg and Zinnwald, St Just and Tiewavas in Cornw ill 
Cryophyllue from Cape Ann in Massachusetts 1s similu 

518 Leprpo.iTe 

Oblique prismatic Forms lhe muscovite Divergence of optic 
axes 50’ to 77°. Cl basal, perfict H =25 to 4, G =284to3 
Often massive, scaly granular, coarse o1 fine Lustre pearly Colom 
rose-red, violet, lilac, yellow, gieyish white Contans 5 to 6 yet 
cent litha, with rubidium, cesium, and thallium, also fiuorme 
BB coloursflame red Mourne Mountaims, Rozena (Moravia) Uto 
(sweden), Kkaterinburg, Mane 


519 Muscovirr (Afuscory Glass), 8AlS1 + E91 
Right prismatic, with monoclinic habit OP (c) @P(i) wPto 


(b), P(m), 2P®co (y) oP nearly 120° Twin face c Cl basal, 
perfect, elastic Angle of optic di 

vergence from 44° to 77° Metallu, + 

pearly  Colourless, and tinged of ‘ 

various shades to black BB fusesto| 4, mM 

an opaque enamel Not affectid by ~~ a : bok © 


acids Cc 366 alumina, 118 pote ————— 
ash, 45 1 silica, 4 5 water, with traces Fig 492 

of fluonne Shetland Loch Glass in Suthaland, Gkn Shug 
(crystals 15 mches in kngth) and stray Bidz im Ross, Abu 
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deen, Commwall, St Gotthaud, Norway, Sweden, Siberia Crystals 
over a yaid in diameter in China, where 1t 15 used for windows 
Fuchite bright green, has 6 per cent of chrome oxide Hargaro 
dite contains 4 to 6 water Gralbertite, Cornwall, may be different 


520 Paraconite (Soda Mica), 8Al Si, + (Na, 72)S1 

Massive, fol ited Lustiepealy H =25to3,G =2 78 to29 
Yellowish, greyish, and greenish Cc 401 alumina, 61 soda, 
47 75 silva, 46 water Monte Campione, St Gottha:d 

521 SANDBEPGEL ITF (Baryta Mra) 


White minute seiled agsresates G =2 894 Ce 80 2alumina, 
49 magnsit, 59 laryts 76 potash, 426 silica, 443 water 
Phtsch Valley in Tyrol, aud the Swiss Alps 

522 MarGAaritr (Lime Mea) 


Right pnsmatic Cl basi perfect H =35 to45, G =2 99 to 
31 Lustre of cl pearly Lateral plancs, vitiecus Snow white, 
edlish white, an algrey Lannne brittle Ojtic amal 
ingle 109° to 129° & 51 2 alumina 116 lime, 26 soda, 301 
silica and4 owiter Gueine: in Iyrol, Naxos, Asia Minor, Greece, 
Penosylyama, North Caiolina  Daphanile 1s similar. 


523 Lu pHyLuire (4R,+ 38) Si+4H 

Like muscovite, but lamin not easily seprrable H =8 5to4 5, 
G =283 to 3 Lustre of cl pearly to adamantine White to 
coloutless Transparent to opique Lamune bittle Optic axial 
angle 713° Cc alumina 42 3, lime 15, potash 3 2, soda 5 9, 
silica 41 6, water 55 Umionville in Fennsylvamia 


524 CLINTONITE, (2R, +31) S14 7H 


Oblique prismatic in hexagonal tibles, or massive foliated Cl 
basal pertat H =5 to 55, G =315 Translucent, pearly to 
metallic on the chivas. Angle of the optic axes 3° to 18° 
Reddish brown toyellow Cec 397 alumina, 21 1 magnesia, 13 1 
lime, 19 2 sili a, 2 protoxide cf iron 49 water Amuty and War 
wick in New Lork Brandisite 13 similar 

525 XANTHOPHYLLIIF 

Oblique prismatic, C about 90° Crystalline aggregates Radiate 
lamellar =4o.t06 G=°1 Lustre peatl, Colour yellowish 
to copper red = Angle of oy tic axes 0° to 20° Cc alumina 43 6, 
lime 18, magnesia 17 5, sil1a169, water51 Zilatoust 


526 CuLoritorp, Fedi+AlH 

Right prismatic in f liated crystals, brittle Cl basal 
Lustre gieasy to pealy H =55to6, G=352t0356 Dark 
green stirerk greenish white Ce 40 alumina, 27 protomde of 
iron 25 silica 7 water BB infusible, but becomes magnetic 
Decomposd by s acid Hillswick in Shetland, Pregratten m 
‘Lytol, Lk itennburg, Canada 

527 MASONITE 

Broad plitss H =65, G =353 Grey green Streak grey 
Pearly to vitreous Ce 26 4alun ina, 19 perovule of iron, 16 7 
ere of non, 3268 silici 45 water Muddletown m Rhode 
Islan 


528 Orrrrirrs Al Sigt+ 3(Fe, Mn)Si+ 3H 

Thin hexagonl tables Cl parallel to the pmsmatic faces H = 
oo, G=—=44 Translucent, vitreous Greenish or blackish grey 
Ce 248 alumina. 168 protoxde of iron, 111 protoaids of 
mangancse, 434 sihca, §65 water  Ottrez in the Ardennes 
(Luxembuig) Aste in the Pytenees, Ebnat in Bavaria, Newport 
(Rhode Island), \ ardhos (Gieect) 


529 PirosMAlitF, 7RSi+RCI +5H 

Herrgoni] P101°34, crystils oP, OP, tabular, also granular 
Cl basil perfect, biitile H=4to45, G=3to32 Trans- 
lucent to opiqne, resinous or metallic pearly Liver brown to 
olive gieen ¢ uc 855 silva 27 5 1100 protorde, 21 5 as cae 
protoxide, 8 chloride of iron or manganese, and 7 5 water ord 
matk in Sweden 


5380 ASTROPHLLLITI, (RK, R) Sig 

Right pusmatu, with obliqne habit In long tabular prisms, 
ind in stellate gi ups Cl basal, perfect H =35, G =3 33 
Submetillic to pearly Tombre brown to gold-yellow Pellucid 
Axil disergen e 118° to 124° Ce peroxide of iron 9 3, protoxide 
236, protoxide of manzinese 10, soda 3 9, potash 6 9, titamic acid 
7 90, ther 392 Buievig, El Paso in Colorndo 


Cuioritr Grout 
531 Curoritr, 2RSi+R Al+ 3H 
genetally foliated andscaly H =1tols,G =278 
of iron, magnesia 18 sila 24, water 11 Tarf Pty 


Hexazonal P 106° 50, crystals tabular of OP, oP or OP P 
(fg 493) often in comb like or other gious, 
to 296 Leek green to blakish green sticik =P 
mieenish grey Cc 21 alumina 20 protoxde 
side Bute, and Juam Scotland Cornwall Cumbiulind, Wales, 
bassa Valley, Urals, America 
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582 Pennie, 4MgSi+ Mg,Al + 53 

Hexagonal, rhombohedral R65°28 Crystals chiefly very acute 
rhombohedrons, with or without the base Lustre resinous. H = 
2to8,G=26to277 Streak greemsh white BB exfoliates, 
becomes white, and fuses on the edges toa white enamel Com 


pletely sol mm warm s acid Cc 836 silica, 144 alumina, 
39 4 magnesia and 12 6 water, but with 5 to 6 iron protoxide re 
placing magnesia Scalpa in Harns, Glen Lochy in Perthshire 
Zermatt in Valais Tyrol Ala d: Stura in Piedmont, Mauléon 
in the Pyrenees Leuchtenbergite isthe same Kammererie, with 
5 to 8 chromium sesquioxide, 1s violet blue or green , Unst, Siberia, 
Pennsylvania Rhodochrome and Tabergute are also varieties 

533 CLINOCHLORE (Ryndolie), 3MgSi+Mg,Al+ 43% 

Oblique prismatic, C 76° 4 oP 121° 28 OP P 118° 55, 
OP oP 192°8 Crystals -2P, P, 4P®a, OP (n,m 4, P, fig 494) 
[wins common, lustre vitreous or resinous H =2 
to 8, G =26 to 28 BB becomes white, and LP? 
fuses on thin edges to a greyish yellow enamel t 
Ce 308 silica, 17 8 alumina 403 magnesia, and 
121 water Edentian and Blair Athole in Scotland, 

Traversella im Piedmont, Akhmatovsk in Urals, West 
Chester m Pennsylyama Corundophyllite, Eypr- y 
chlorite, and Kotschubeyite are vauieties 

534 PyroscLei:ire (#K, }R),S1,+ 3H Fig 494 

Right }rismatic Cl basal, perfect, fracture uneven, brittle, 
sectile H=3, G=27to28 Pearly, translucent Apple, 
emerald and grey green Cc alumina 18 4, chrome oxide 1 4, 
pou of iron 3 5, magnesia 31 6, silica 37, water 11  Porto- 

erruo in Elba, China 

535 CHONICRITE 

Massive, crystalline granular and globular radiated H =2 5 to 
3 G=291 Weak nike White, with yellowish spots , greenish 
blue Cc 171 alumina, 22 6 magnesia, 12 6 lime, $5 7 silica, 9 
water BB fuses easily, with intumescence, to a gieyglass De 
composed byh acid, with separation of mlica, Colmonell (Ayrshire), 
Porto Ferraio 

536 Pyc NoTRoP 

Large grained aggregates Cl along two 1ectangular faces , frac 
ture hackly, splintery Greyish shite to brown ad. Vitreous to 
greasy H=2t0o23,G=26to27 Cc alumina 293 mag 
nesia 12 6, potash 4 4, silica 45, water 78 Waldheim im Saxony 

537 Tavrinoire ($R H,+4(Al ¥e)),Si,+ 4H 

Massive scaly H =2to25,G=32 Peaily Olive green to 
pistachio green streak paler Very tough Powder greasy Cc 
alumina 16, peroxide of iron 14 protoxide of iron 38, silica 23, 
water 11 Schmuedefeld in Thuringia, Harpers Ferry on the 
Potomac, Hot Springs in Arkansas 

538 Devessivz, (Fe}, Mg¥)Si, + (Alyy, Fey’,)Si+ 3H + 2MpHt 

Massive scaly H =2to25 G=26to289 Olive green to 
dark green, yassing to dark brick red , 
streak light green Cc alumina 16 8, 
protoxide of iron 12 6 magnesia 21, silica 
315, water 158 Common in igneous 
rocks of Old Red Sandstone and Coal 
measure age in Scotland Oberstein, 

Zwickau, Lagréve near Mielin 

589 CRoNSTEDTITE, FeSi+(Fe, Mg), 
Si+ dH 

Rhombohedral, radiated columnar In 
tapering hexagons and hemihedral (figs 8 49v (Sp 089 ) Fig 496 
495 496) Cl basal perfect elastic H=25 G =33t035 
Vitreous Coal black and brownish black, streak dark olive green 
Cc protoxide of 1ron 39 peroxide of iron 29 silica 22, water 11 
Huei Maudlin in Cornwall, Praibram Brazil (Sideroschtsoltte) 


TALC AND SERPENTINE GROUP 


540 Tate Mg Si+# 

Raght prismatic (?) , rarely found mm six sided or rhombic tables , 
generally massive granular or scaly Rarely fibrous (1 basal, 
perfect, soft sectile and flexible nthm plates H =1, G =26 
to 28 gg oe. in thin plates and optically binaxal, pearly 
. Seoge lor rless, = nerally greenish or yellowish white 

O apple or olive gieen Feels very greasy BB emits a bright 
ht, exfoliates, and hardens (H =6), but . infusible , with cobalt 
solution becomes red Not sol inh ors acid before or after ign 
tion Cc 635 silica, 817 magnesia, and 48 water Unst in 
Shetland i, Cairnic in Aberdeenshire, brown, Greimer in 
Tyrol, Sala and Falun, the Pyrenees Used as crayons, also for 
forraing crucibles and for porcelain 
Steatule ~ Massive Grey, red, yellow, or green Shetland, 
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Sutherland, Portsoy, and near Kirkcaldy, Scotlands the Lizard 
Pomt, Cornwall, Briangon, Wunsiedel Savage nations cut the 
steatite mto culinary utensils 

Potstone 1s a mixture of talc, chlorite, and other minerals. 


541 PicropHy Ly, 3R8i1+2H 

Right prismatic H =25,G=375 Dark green Foliated, 
shming Cc magnesia 801, protoxide of iron 6 9, silica 49 8, 
water98 Sala in Sweden 


542 Picrosmive, 2Mgsi+ 3t 


Right prismatic, but massive Cl oPco perfect, less so 1n other 
directions , sechle H =25to3,G=25to27 Translucent or 


opaque , vitreous, but pearly on ooo Greemsh white, grey, or 
blackish green, streak colourless Yields a bitter odour when 
breathed on , hencethe name Cc 55 8 silica, 86 1 magnesia, and 
81 water Presnitz in Bohemia, and Greimer wm Tyrol 


543 Monranire, 4($Mg, 4¥e)Si+# 

Massive, foliated, trans!ucent, and yellowish grey H =6,G = 
327 Cc silica 55 2, magnesia 31 9, protoxids of iron 8 8, water 
41 BB infusible Bergen m Norway 


544 MEERSCHADM, 2Mg Si, +41 

Fracture earthy , sectle H =—2 to 25, G =08 to 1 (when 
moist nearly 2) Opaque, dull Yellowish and greyish white, streak 
slightly shming Feels rather greasy, and adheres strongly to the 
tongue Cc 542 silica, 24 7 magnesia, and from 9 to 21 7 water 
hie ea Anatolia, near Madnd and Toledo, Moravia, Werm- 

D 


545 Apnropitz, 4MgSi+# 


Soft and earthh G=221 Milk white, opaque Cc 529 
silica, 85 3 magnesia, 119 water Langban (Sweden), Elba 

546 Spaparre, Mg,Si, +4 

Massive fracture splintery, sectile H=25 Translucent, 


Red with white streak Cec 57 silica, 816 magnema, 


resinous 
114 water Capo di Bove nea: Rome 

547 GYMNITE 

Massive H =2to3,G =19to022 Translucent, resimous, 
Dull orange yellow Cc 41 silica, 37 magnesia, 22 water Tyrol, 
Passau, ‘lexas, Barehills near Baltimore Arckel Gymnite has 29 of 


nickel oxide, replacing the water Unst, Texas, Pennsylvania 


548 Saponrre, (FeCaMg),Sig + (Al;Fe)S1 + 1825 

Massive, sectile, and very soft H =15,G =22to23 White, 
orange yellow, pale green,and reddish biown Feels greasy, does not 
adhere to the tongue, falls to pieces in water Cc _ silica 40 8, 
alumina 7 5, ferric oxide 3 9, magnesia 20 6, water 227 Occurs 
1n all the above colours 1n the later 1gneous rocks of Scotland, com 
monly Lazard Pomt and St Clear in Cornwall, and Dalecarlia in 
Sweden Pumelite has 2 8 oxide of nickel 


549 SrRPENTINE, 2MgSi+ Mei, 

Crystallization uncertain, pseudomorphie after olivine, &c , 
generally massive, and ular or fibrous, fracture flat con 
choidal, uneven, or splintery, sectile, and shghtly bnittle 
H =8to35, G=25to27 Translucent to opaque, dull resin 
ous Green, grey, yellow, red, or brown, often in spots, stn 
or veins , streak white, shining Feels greasy, and does not adhere 
tothe tongue In the closed tube ynelds water, and becomes black 
Cec 485 silica, 43 5 magnesia, and 13 water, but with 1 to 8 1ron 
protoxide, and also carbonic acid, bitumen, and chrome oxide 

Varieties are—(1) Noble Serpentine, brighter coloured, 16H,0, 
and more translucent , (2) Prcrolie, or fibrous (H =8 5 to 45), 
(3) Common, or compact, (4) Chrysotile (Balismorite, Metaxrte), in 
fine asbestiform fibres, easily separated, with a metallic or silky 
lustre (G =2 219) 

Common in Shetland, Urquhart, Portsoy, Ballantrae, Lazard 
Point in Cornwall , Norway, Sweden, North Amenca Chrysotile 
at Colafirth and Fetlar, Shetland, Portsoy, Towanreiff, m Scot 
land, Reichenstein 1n Silesia, the Vosges Mountains, and North 
America Serpentine 1s often a product of decomposition, or pseudo 
morph of various minerals, as angite, hornblende, olivine, spinel, 
enstatite, garnet, &c It forms whole rocks and mountains, and 1s 
manufactured unto valious ornamental articles 


550 MaRMoLire, 8MgSi + 2Mgit, 
Oblique prismatic, often foliated H =—25 to 8, G =2 41 to 
247 Lustre pearly Greenish white, blush white, and as - 
green Cc _ silica 421, esia 88 5, water 17 5 tn veins 
in a of Urquhart and Portsoy (Scotland) Cornwall, Fin 
land, Hoboken 

551 ANTIGORITE 

Thin flat lamine H =25,G=26 Translucent Green with 
brown apots, streak white Cc silica 40 8, magnesia 86 8, prot- 
oxide of iron 5 8, water 12 4. Antigono in Piedmont 


MINER 


552 Hypnoruire, (Mg, Fe),Si, +434. 

Massive and fibrous H =8to4,G=265 Mountain green to 
blue black , streak paler Cc silica36 2, magnesia 21 1, protomde 
of iron 227, water 16 Taberg in Sweden, New York 

553 Vinuarsitr, 2Mg,8i+if 

ht prismatic , crystals P, OP, meeting at 136° 32’, often twins 
in triple combination, also granular H =3,G =29to3 Trans 
lucent Greenish to greyish yellow Cec silica 39 6, magnesia 


47 4, pte of 1ron 8 6, water 58 Totaig, Ross shire , Traver 
sella, Piedmont, Forez, France 


654 PYRALLOLITE 


Oblique pmsmatic, C 72° 56’, columnar and granular Cl 
basic and hemidomatic, meeting at 94° 36 , fracture splintery , 
brittle H=-35to4,G=26 Translucent on edges, resinous 
Greenish to yellow grey Cc _ silicate of magnesia and water 
Storgard in Finland 


555 Derwarine, (Mg, Fe) Si+ 2H 

Remiform , stalactitic, fracture conchoidal, brittle H =20, 
G=21 Resinous Blackish green, streak yellow Does not 
adhere to tongue Cc _ silica 38, magnesia 22, protoxide of iron 
12, water 23 Waldheim in Saxony 


556 CutororHzirz, RSi+2,S1, + 44 

Massive, rarely reniform Coating or filling up geodes in amyg 
daloidal cavities H =15,G =202t028 Rectile, fracture con 
choidal On first exposure transparent and olive green to orange 
yellow, but soon changes to black and opaque, splitting im so 
doing Vitreous to shining. BB melts to a black glass Cc 
silica 36 2, alumina 8 9, peroxide of iron 18 8, protoxide of non 
24, lime 8 8, magnesia 10, water 248 Rum and Canna in the 
Hebrides, Giants Causeway The original mineral from Rum has 
22 8 iron peroxide and no alumina 


557 FoRcHHAMMERITE, FeSi+ 6H 

Granular massive Subresinoustodull Dark green H =2 
G=-18 Cc_ silica 82 8, protoxide of uon 21 6, magnesia 3 4, 
water 422 Faroes 

558 KIRWANITE 

Fills druses in amygdaloids with divergent sheaf like crystals 


H =2,G 29 Opaque Olive green to dark green Cec silica 
40 5, alumina 11 1, protoxide of iron 28 9, lime 19 8, water 4 4 


Loch Baa in Mull, Mourne Mountains in Ireland 
559 GLAUCONITE 
Round grains Dull resinous Light green Ce silicate of 


protoxide of iron and potash Ashgrove near Elgin, greensand 
of England, France, Germany, and America 


560 CELADONITE, 8RSi,+ 8,51, + 54 

Massive, forming crusts, as of agates Carthy, sectle H —1 
to2,G=26to28 Opaque, shining Brght green Feels 
greasy Cc _ silica 54, alumina 3 8, fernc oxide 11 9, ferrous oxide 
54, magnesia 6 8, potash 79, water 10 Orkney, Rum, and 
Fifeshire in Scotland Giants Causeway, Verona, Faroes, Iceland, 
Cyprus, Bohemia 


561 STILPNOMFLANF, 2(Fe, Mg)Si+ AJSi +23 


Massive or radiating foliated One cl perfect, bnttle H =3to 
4,G =3to3 4 Opaque, vitreoustopearly Greenish blach Cc 
45 8 silica, 6 9 alumina, 88 8 1ron protoxide (with 2 to 3 magnesia), 
and 96 water Zuckmantel in Silesia and Weilburg in Nassau 

562 CHAMOISITE 

Oohtic and massive H =8,G=3to 34 Greenssh grey to 
black, streak paler Cc silica 14 3, alumina 7 8, protoude of 
iron 60 5, water 174 Chamotson (or Clamoson) 1n Valais, the 
Vosges Berthverine has 75 protoxide of iron and 5 of water, 
Moselle 


AUGITE AND HorNBLENDE Group } 


Hornblende and augite rather represent groups of mineral sub 
stances than single species They are best distinguished when 
imperfectly formed, by the cleavage and angles of the prisms 


563 Ewnsratite (Chladnite), MgSi. 


1 Hornblende and augite agiee so closely in cy stalline forms and chemical coi 
ition that it has sometimes been proposed to unite them in one species. They 
ee er, differ too widely to justify their union Hornblende is more fusible 
and ranges lower in specific gravity (hornblende from 3 931 to 8 445, augite 
$195 to 8525) hough both possess a cleavage parallel to their vertical 
prisms, yct these differ in angular dimensions —hornblende 124° 12’, augite 87 
6 They also occu: in distinct geognostic positions —hoinblende in socks con 
taining quarts or free silica, and mcstly with minerals that are neutral compounds 
of silica, as orthoclase and albite, augite in rocks that do not contain free sili 
and mostly with minerals that aren ¢ neutzal allicates, as labradorite, olivine an 
leucite Hence there are two distinct acries of massive or igneous rocks —the 
hornblende series including granite, syenite diorite, diorite porphyry and red 
hyry , and the augite serics or hypersthene rock, gabbro dolerite, nepheline 
rock, augite-porphyry, and leucite porphvry 
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Right prismatic oP 92° to 98°; crystals oPo (a), Po (b), 
oP (m), Pe (h), #Peo (9), 


Poo (¥), 4P (r) (fig 497) 
Jsually 1mbedded, or indis 
tinct nular masses C] 
mcrodiagonal very perfect, 
rismatic oP distinct, brachy 
1agonal imperfect H =5 5, 
G =31to83 Translucent 
throughout, or only on the 
edses , vitreous or pearly on 
the more perfect cleavage 


planes  Colourless, greyish 
or greenish white, yellowish, 
or brown Not affected by 
almost infusible Fig 497 
Cc 60 silica and 40 magnesia, but with 6 to 8 iron protoxide, 


1 to 2 alumina, and 1 or 2 water In olivine and serpentine 
rocks in Moravia, the Harz (Baste), and the Pyrenees 


564 Bnonzire (Schiller Spar, Bastite), (Mg, Fe)Si 


Right prismatic oP 94°, only granular and foliated. Cl 
brachydiagonal perfect, prismatic hess so, fracture uneven, splin- 
tery H=4to 5, G=3 to 35 Translucent on thin Sos 
metallic peaily Green, inclining to yellow or brown Imper- 
fectly sol inh acid, wholly in s acid BB becomes magnetic, 
and fuses in very thin splinters Cc 43 silica, 26 magnesia, 2 7 
lime, 7 4 iron protoxide, 3 3 1ron peroxide, 2 4 chrome oxide, 1 7 
alumina, and 124 water Bastete 18 possibly altered enstatite 


E Ihelvie and Black Dog in Aberdeenshire, Baste, Tyrol, Baireuth, 
yria 


565 PAvLiTE (Hypersthenc), (Fe M.S 
Right prismatic oP (m) 93° 30, P2 (c), 2P2 (1), 3P3 (u), 


wP2 (n), 4Poo (hk), oPco (a) cP (b) 4Poo (k) 2Poo (d) 
Granular or dissemmated Cl brachydiagonal very perfect, 
_Tismatic ooP distinct, macrodiagonal very imperfect i -6, 
G =33+t034 Opaque or translucent on thin edges , vitreous or 
resinous, but metallic pearly on the cleavage planes, of which one 1s 
coy per coloured to violet or silvery Pitch 
black and grevish black , streak gieenish gre 
or pinchbeck brown inclining to copper red. 
Not affected by acids BD melts more or 


qececescsoser= —me 


rece 





Fig 498 


less easily to a nish black glass, often magnetic Cc gene- 
tally 46 to 58 silica, 0 to 4 alumina, J] to 26 magnesia, 1 to 5 
lime, 18 to 84 iron protoxide, 0 to 6 manganese protoxide Portsoy 
ind Craig Buroch 1n Banffshire Barra Hillin Aberdeenshire, Pauls 
Island, Labrada, and Greenland Crystals occur in sana line 
bombs at Lake Laach (Amblystegite), and in meteorites of Breiten 
bach Hypersthene rock in Norway, Elfdal in Sweden, Cornwall 
(?) the Harz, and Canada. Chemically enstatite and paulite pass 
into one another , the essential difference 13 that the axial dispersion 
is uniformly p<» in the former, and the opposite in the latter 
566 WOLLASTONITE (Tabular Spar), CaSi 
Oblique prismatic, C 84° 80 oP 87° 18’, 

wPoo (corp), oP§ (z) 110° 7’, 
oPt2 (ore) 51°, — Poo (v) 44° 
27 , 4Poo (a) 69° 56' (fig 500) 
Rarely crystallized, mostly 
broad prismatic or laminar 
Frequently fbious Cl along 
Or and Fc perfect, but 
planes uneven or rough , meet 
at 95° 23° H =45 to 5, 
G=28to29 Translucent, Fig 500 

vitreous or peatly on cleavage 

White inclining to grey, yellow, red, or brown, streak white 


Fi, 499 


OP qu or h’), 


416 MINER 


Phosphoresces with heat or friction gelatinizesin h aad BB 
difficultly fusible to a semitiansparent glass Cc 6517 silica 
and 483 lime, but with 0 
to 2 magnesia anl 0 to 2 
iron protoside Glen Gairn 
Crathe &, m Aberdeen 
shire, Urjuhart in Inver 
ness, Skye Banat, Finland, 
Sweden Vesuvius (fig 501), 
North America, Ceylon, Capo 
di Bove 

567 Avairr (Pyrowene), 
hSi=(Ca, Mg, Fe)si 
Oblique prismatic, C 74°11 
oP 87°6 , P(s s)120°48, 
—P (w) 181° 80 , 2P (0) 95° 
48, 0P, 8P, wP% In fig 180 oP (Af), «Pc (r), oP oa 
(Z), P(s), also various twins and hemitiopes of same form (figs 
191, 502, 603) Almost always prismatic, imbedded, or attached , 
* grinular, columnai, and scaly Cl prismatic along oP (with 





Fig 501 (sp 566) 





Ih 502 Fig 502 


angles of 87° 6’ and 92° 54), generally rather imperfect , ortho 
diagonal and clinodiagonal imperfect H =5to6, G =8 to35 
Pellucid in all degrees, vitreous, in some peirly on @P%o Colour 
less, and white, but usually grey, green, or black BB generally 
fusible, imperfectly soluble in aci Ce generally as follows — 


Silica | Lime | Magnema | lion 
(a) Magnesia augite 


(6) Magnesia lion augite 
(c) Iron augite 





Analysis gives 47 to 56 silica, 20 to 25 lime, 5 to 15 magnesia, 
1 to 20 iron protoxide, with 0 to 3 manganese protoaide and 0 to 8 
alumina. The alumina, chiefly found in very dark green or black 
augites, may 1n some replace either silica or part of the silicate 

he more important varieties are— 

Dropside —Greyish or greenish white, to pearl grey or leek green, 
streak white rystallized or broad columnar, or concentric 
lamellar Transparent to translucent on the edges Not affected 
by acids BB fuses toa whitish smitransparent glass Cc 
generally lime 26 and magnesia 18 5, with 55 5 silica Mussa Al 
(Mussite) and Ala (Alalite) in Piedmont, Schwarzenstein in Tyrol, 
Scandinavia, Finland, Urals and North America 

Malacolte, Suhlite —Whute, green, rarely yellow, brown, or red, 
streak white Translucent or only on 
the edges, vitreous, inclining to pearly 
Seldom crystallized, mostly columnar 





Ii, 504 


BB melts to a dark. 
coloured glass. Malacolite common in 
pone limestones in Scotland, as at 


or lamellar 





Fig 506 
ey (Lassaite), Piedmont Arendal, Philipstadt in 


hinuess, gra (fig 505), und Gle_ 


Tilt Fassa Va 


ALOGY 


Sweden, Lake Baikal (Ba:Awlite) near Lake Lherz im the Pyrenees 
(Lherzolute) , Sala (or Svhl1) in Sweden (Sahlte) , Shinness (figs 
504, 506), Glenelg, Tiree, in Scotland, Tyrol, North America 
Coccolite 15 @ granular sahlite or augite 

Augite —Lick green greenish black, or velvet black, rarely 
brown, sticck grecnish giey Vitreous to resinous, translucent 
oropaque Only slightly aflected by auds BB tuses to a black, 
often magnetic glass An essential component of many rocks, 
as basalt, dolerite, clinkstone, and augite por; hyry, Germany, 
Auvergne, Vesuvius, St hilda, Rum, Tiree, Dalnain, and Urquhart 
in Scotland Augite crystals in basalt often contain very many m1 
cros opic crystals and glasses, also pores with fluid carbonic acid. 

Hudsoniie —Cleavable lamellar, and jet black, with green streak 
and bionzy tarnish, from the Hudson river, the most lughly ferru 
ginous variety 

Amuanthus —Some ashestiform minerals are augite, but the 
greater numbei hornblende 

Brevslackite —Fine yellowish or brown woolly crystals Vesuvius, 
and Capo di Bove neai Rome 


568 Drazace, (Ca, Mg, Fe) Si 

Like augite, and only a variety with very perfect cleavage in 
the clinodiagonal, which forms with 1 second cleavage an angle of 
87° Lustre metallic pearly, colour grey or pinchbeck brown 
H =4, G =323 BB melts easily to a greyish or greenish 
enamel Cec 50 to 523 silica, 1 to 5 alumina, 15 to 23 magnesia, 
11 to 20 lime, and 5 to 20 manganese protoxide Constituent of 
the augite rock of the Cuchullins in Skye and of the gabbro of Unst 
and Ayrshire Baste in the Harz, Silesia, the Alps, Apennines, 
and U1ils Vanadine Bronzte, containing soda and vanadic acid, 
issimilar At Craiz Buroch (Banffshire) diallage passes in paulite 

569 JEFFERSONITL 

Oblique prismatic Cl prsmatic oP 87° 30’, and orthodiagonal 
H =45, G =33to035 Dark olive green, brown to black Lustre 
greasy A manyanese and zinc augite, with 102 protoxide of 
manyanese, and 10 15 oxide of zinc §=—- Sparta in New Jersey 


570 AcmItE, 2¥eSi,+8RS1 
Oblique prismatic Crystals long often acute pointed prisms 


oP 87°15, «Po (r), P(s), 6P (0), —-6P°8(z) (figs 507, 508) Cl 
hike augite H =6 to 65, 

G=34 to 36  Nearl JAN 
opaque, vitreous Brownials 
or greenish black, streak // 
reenish grey Imperfectly ] 

soluble in acids BB fuses / 

easily to a black magnetic 

glass Cec 52 silica, 30 iron 

peroxide, 5 u0n protoxide, é 

and 13 soda, but with 1 to 3 

manganese peroxide, and also 

3to4titanicacid Eger and 

Porsgrund in Norway 


571 AGERINE, R,S1,+ RS1 


+2NaSi 
Obhque prismatic, strated Fie 507 (Sp 670) Fig 508 

or reed like prisms of 86° 80’ to 87° 45’ Cl orthodiagonal per- 
fect, less distinct clinodiugonal, and pnsmatic H =65 to 6, 
G =34to35o0r36 Vitreous, translucent on edges, or opaque 
Greenish blick BB fuses easily, colourmg the flame yellow 
Scarcely affected by acids Cc 49 silica, 317 1ron peroxide, 
6 6 iron (and manganese) protoxide, and 127 soda, with a little 
magnesia and potash Has the same relation to augite as arfved 
souite to hornblende Near Brevig and Barkevig in Norway. 


572 SpopUMENE, 4Ald1,+3(t1, Na, )S1 

Oblique prismatic, C 69°40 oP 87°(fig 609) Cl pnsmatic oP 
and orthodiagonal, perfect, chiefly massive 
or fohated H =—60 to 7, G =31 to 
32 Translucent, vitreous or pearly 
Pale greenish gre) or white to apple 
green, streak white BB intumesces 
slightly, tinging the flame momentarily 
urplish red, and fuscs easily to a colour 
is glass Not affected by acids Ce 
65 silica, 287 alumina, and 68 litha 
Killiney near Dublin, Uto in Sweden, 
Tyrol Xullnite (sp 651), from Killiney, 
seems to be decomposed spodumene 


573 PrrauiTE (Castor), 44181, + 8(in, 





Na)si, 
Oblique prismatic Castor has C 67° 
34 and oP 86° 20, in irregular rect 


Fig 509 (sp 572) 
C) basal, distinct, in a second direction 


me pee prisms, petalite bemg massive 
and coarse granular 


MINERALOGY 


(meeting at 1414°) lessso H =65,G@=24to20 Gneenish, 
greyish, or reddish white to pale red ‘Translucent, vitreous or 
pearly B_ melts easily into a porous obscure glass, colouring 
theflame red Notaffected byacids Ce 788 silico, 17 4 alu 
mina, 32 lithia, and 11 soda Uto, Bolton in Massachusetts, 
York im Canada Castor m Vlba Milarite, valley of Mular, 
Switzerland 


574 RHoponirTs (Manganese Spar), Mn&i 
Anorthic Po (a), Peco (b) OP (c) oP (a) Boo (k), Poo(s), 
'P wo (0), mPo (t) a b111°%,¢ @93°28 ,n «@106°19, but 


chiefly massive or granular ee 

Cl cPco and OP, meeting SA 
at 87° 38, perfect , brittle o 
H =5 to 55, G =35 to 

37 Translucent, vitreous 

or partly pearly Dark | 4 
rose red, bluish red or red 

dish brown Not affected 

by acids BB fusible 
Ce 458 sihea and 542 we RI 
manganese protoxide with 5 5°0 

3 to 5 lime and 0 to 6 iron protcxide St Marel, Léngba~, 
Ekaterinburg the Harz, and New Jersey Bustamite, pale 

meus or 1eddish grey, with 14 lime, Mexico, Fowlerite, New 
ersey, with 7 to 11 1ron protoxide and Parsbergite, Sweden, are 

varieties  Hydropite, Photicite, Allagite and Horn Manganese 
ale mere mixtures 


575 BABINGTONITE, 9(Ca, Ie, Mn)Si+Febdl, 
Anorthic Crystals very low eight sided prisms, small, attached 
h 90°24, c¢ @ 87°27 a 6112° 

12, 6 d 81°8, ¢ d 150° 10 (fig 
511) Cl basal (c), very perfect also 
along 6 H =55 to 6, G=38 to 
34 Thinlaminetranslucent Splen 
dent vitreous , black Notaffected by 
acids BB fuses easily with efferves 
cence to a black magnetic bead Ce 
50 7 silica, 11 sron peroxide, 10 3 110n 
protoxide, 77 manganese protoxide, 
and 20 3 lime, in the Arendal speci Fig 511 
mens, one from Nassau gave about 
17 of peroxide with protoxides only 11 Tongue (Sutherland), 
ete (Banffshire), Arendal, Nasga, and Gouverneur (New 

ork) 


576 SzaBoirTE, 114081, +2CaSi 
Anorthie oP (2) o P(m) 88°40 , oPco (b) cP (a), P (p), 


P (0), 2P co (y), 2P & (x) (fig 512) H = 
65, G=<35  Browmnish red to reddish 
yellow Pleochroic Cc silicy 52 4, per 
oxide of 1ron 447, lime31_ Slightly sol 
ms acid, moreso inh acid Calvario on 
Etna, Mont Dore 


577. ANTHOPHYLIITT, 3MgSi+ FeSi 

Right prismatic oP 124° 80 Cl 
macrodiagonal, perfect Clove biown to 
urphish brown and leek gieen Trans 
ucent, radiating and foliated Pearly on 
el plane H=55 G=32 Co silica 
55 9, protoxide of non 16 7, magnesi. 278 BB very difficultly 
fusible | Hillswick, Shetland hongsberg and Modum, Norway , 
Gieenland, and the United States 


678 HoRNBLENDE 


Oblique prismatic (figs 513 to 517, see also fig 192) Distinct 
cleavage in several directions H =4 to 6, but generally 5 (will 
suratch with kuife), G =25 to 40, but mostly high Mostly 
coloured Lustre vitreous, in some silky or metallic pearly Sol, 
1ut not very readily, in acids, more or less easily fusible Cc 
anhydrous silicates and aluminates of lime, magnesia, iron pro 
toxide, more sparingly of soda, yttria, and manganese protoxide 
ae chief species form by their decomposition Inghly fertile 
5) 

Amphibole —Oblique prismatic, C 75°10 oP 124° 30, P 
148° 30 Thecrystals short and thick, or long and thin prismatic , 
formed especially by oP (m), cP (2), and bounded on the 
cnds chiefly by OP(p) and P (7) Twins common, with the 
chief axis the twin axis Very often radiated, fibrous, or columnar, 
or granular Cl prismatic along oP 1244°, very perfect, 
orthodiagonal and clinodiagonal very imperfect H 5 to 6, 
G=—29to 84 Pellucid im all degrees, vitreous, but sometimes 
pearly or sulky Colourless or white, but usually some shade of grey, 
yellow, green, brown, or black BB fuses, generally intumescing 
and boiling, to a grey, green, or black glass Those contammg 








Fig 512 (sp 576) 


417 


most iron are most fusible, and are also partially sol. in h. acid, 
which scarcely affects the others Cc very variable, the silica 
1s partly replaced by alumina, ly in the green or black 
varieties, RO 15 chiefly MgO, C.0, and FeO Lime 1s the most 


Fig 514 


‘onctant elerent, in most fiom 10 to 12 magnesia and iron protoxide 
1eplace each other, the one increasing as the other diminishes 


With 48: and R=2Mg+1Ca+1ke, the average composition 1s 53 6 
sihei 178 magnesia, 125 hme, and 161 iron protoxide, but 


oe 
nie 


Fig 515 lig 516 Fig 517 


analyses give 40 to 60 silica, 0 to 17 alumina, 0 to 30 magnesia, 
10 to 15 lime, 0 to 36 iron protoxide (or peroxide), and 0 to 4 
manganese protoxide, 0 to 8 soda, 0 to 3 potash, and 0 to 15 
fluorine with a little water 

The more important varieties are— 


Amuanthus, Asbestos, and Byssolite, 2M gS + CaS 
White, grey, or green The fibres often easily separable, elastic, 
and flexible Unst, Shinness, Portsoy, Savoy, Tyrol, Corsica 


Tremolite, Grammatie, ot, ed CaSi, with 58 35 silica, 28 39 
magnesia, and 13 26 hme White, grey, green, in long prismatic 
crystals, often striated puminealy Pearly or silky, sem 
transparent or translucent B fuses readily to a white or nearly 
colourless glass Loch Shm (Sutherland), Glen Tilt, Glenelg, 
Tiree, Cornwall, Cumberland, Sweden, the Alps, Pyrenees, Silesia, 
Siberia, North America 

Nephrite, or Jade, 18a tough, compact, fine grained tremolite, with 
H =6 to65,G=-29 to 31 Fracture close sphntery Very 
tenacious Translucent dulltoresinous Leek green to blackish 
green Feels slightly greasy Formerly made mto mng stones, 
amulets, idols, and war axes New Zealand, China, Mexico, Peru, 
Balta (Shetland) 


Actinolie, Actinote, or Strahlstern (Ca, Mg, Fe) Si 
green, inclining to black, grey, or brown Translucent through 
out, or only on the ed Long prismatic crystals, or radiated 
columnar masses BB melts to a greenish or blackish enamel 
Fethaland and Colafirth and Hullswick (Shetland), Oronsay, Ord 
Ban (Inverness), Sweden, Tyrol, North Amenca 


Hornblende —6RSi+RSi, Green or black, seldomer brown u 
grey G=31 to 33 BB fuses rather easly to a yellow, 
greenish, or black enamel Three varieties are distinguished (a) 
The noble or Pargaste, pale celadon or olive green, and strong 
rea or vitreous lustre , at P in Finland, Tyrie in Scotland 
b) Common hornblende, dark leek or blackish green, opaque, 
streak greenish gry A constituent of many rocks, as in Narn 
the Alps, and Scottish Highlands (Ballater Ben Amhaar, Glen 
bucket, Colafirth) (c) Basaltic, foliated, with bnght even cleavage 
opaque, velvet black, streak grey or brown Generally contains 
alumina (9 to 15) and much (5 to11)1ron peroude In basalt and 
volcanic rocks. Etna, Vesuvius, Rhineland, Bohema. 

AVI — 53 


Fine fibrous 


Colour 


£18 


579 ARFVEDSONITE, RSi+FeSig 

Oblique pusmatic oP, ob a, P, 2P%o 120°24,0P Cl oP 
124° 22, perfect alsoOP Massive Black, opaque Vitreous 
H-6 G=344 Cc silica 48, alumina 4 5, peroxide of iron 
$8, protoxide 34, lime 57, soda 8a Streak dark blue grey 
Fusble in fine splinters im the flame of a candle BB intu 
mesces and mclts ersily to a black magnetic globule Not sol 
inacids Kangerdluarsuk im Greenland, Frederiksyarn, Arendal, 
El Paso 1n Colorado 


B80 Priouite, 4MgSi,+Al$i,+ 15 

Felted or matted fibres more or less dense Cream yellow to 
nuff Dull, extremely tou,h absorbs water like a sponge 
H =1t025, G = 68 tol 34 Structure vanes considerably, and 
has given rise to trivial names, as mountain paper, mountain 
leather mountain flesh, rock cork, &c JAfountarn Paper occurs in 
thin sheets at Boyne Cistle neat Bantl , Sfountarn Leather, Burn 
of the Curn (Cabrich), lod Heid (hincardineshire), Leadhills, 
Strontiin , Avck Cor] Portsoy ad Boyne Castle, Saxony, and 
Swedin Cc silica 516, aluinma 8 6, ferious onde 2 88, 
Mmagnesi2 10 2, water 23 3 


581 KnonIDOLI1E, 3] eSi+(Na,My Si.+ 2H 
Delicate casily separable, but tough fibres, elastic H — 4, 
G =32to33 Lranslucent , silky Indigo blue , streak lavender 
BB fuses casily toa blach magnetic glass Cv silica 50 3, non 
rotoxide 3v, magnesit 22, soda 67, water 58 Stavern u 
Noreas Greenland A nlrous yellow mineral from Oran,e river, 
South Africa, has been referred hcre , its fibres are not se parablc, 
and its harInessis 7 4b7zachanite, a very sumilar miner ul, of blue 
colour, occuis near Inverness 


582 GIALCOPHANE, 9Rs1+ 2x1, 

Obhque prismatic Cl prismatic, perfect , fracture vonchoidal 
H =05, G=31 Translucent, vitreous to pearly Indigo 
blue grey, bluish black BB becomes brown, fusing easily to 
olive grecn glass Cc silica 565, alumina 122, protoxide of 
ron 10 9, magnesia 8, soda 93 Island of Syra 


583 HrrMaAnniTE, MnSi 
Granular and a:borescent Rosered G=34 Cc_ protoxide 


of manganese 46 7, silica 48 9, lime 2, magnesia2 4 Cummington 
in Massachusetts 

584 GRUAERIIL, ledn 

Asbestiform G=37 Biown silkylustre Cc _ protoxide of 


iron 51 55, silica 45 45 Mt des Waures (Var) 


585 IoLtte (Cordier ete, Dichi ote), A Sig + 2(Mg, Fe)S1 
Right prismatic oP (P) 119° 10, middle edge of P 95° 36 


Form oP (7), clo (1), OP (m), and this with «Po (k) 
oP3 (d), Poo (n), and 4P (s), (fig 518) short, prismatic Cl 


coPeo distinct, traces along Po , fracture conchoid1l or uneven 
H=7 to 75 G=25 to 27 ~~ Trans 
parent or translucent, vitreous inclining 
to resinous Colourless but chiefly dark 
blue, or violet green brown yellow, and 
grey Often with distinct trichioism, on 


OP blue, on wPoo grey and on Po yel 
lowish BB fuses diffecultly to a clear 
glass , slightly affected by ands Cec 48 
to 51 silica, 29 to 33 alumina, 8 to 13 mag 
nesia, 1 to 121ron protoxide Cabo de Gita 
sn Spain, Bodenmais (Pelwm), Orgjeifvi mm 
Finland (Ste:nheilrte), Norway, Sweden, 
Greenland, North America, and Siberi 
Small rolled masses of an intense blue colour 
and transparent, found in Ceylon are the 
Sapphire d’ Eau or Luchssapphir of the jewellers 

The following have been considered cordierite altered, or with 2 to 
6 atoms water —(a) wey tas Hydrous Iolite, greenish brown or 
dark olive green near Abo (b) Esmarkute, Chlorophyliite, large 
prisms or fohated green or brownish , near Cabrach (Aberdeen), 


Dana — 


alt] kT] 4 


Fig 518 


avwye Tevw a0, raluu \&) AUuUTONIWE, Pranular , 


pearly, yellowish green H=33, G =2 86, infusiblc and insol 
uble, Lake Huron (e) Wevsnte, kidney shaped and ash y or 
brown, Falun and Lower Canada (/) Pyrargillite, indistinct 
imbedded crystals, black passing into brown or red, dull resinous 
lustre, H =35, G =25, Helsmgfors (g) Pinue, crystallized, 
or massive and laminar, with imperfect cleavage, H =2 to 3 

G =27 to 29, semitrenslucent or opaque, dull or resinous, and 
dirty grey, green, or bromn, B B fuses toa glass, sometimes clear, 
at other times dark coloured, Auvergne, Rchiceher , Pemg in 
Saxony, the Harz, Cornwall, Cabrach and Torry (Aberdeenshire), 


MINERALOGY 


“y saueTtewy ate wecnena—— a) 
wey y AL Uv, U wu oa, Opaque, dull resinous, an 
greenish grey or brown, B B intumesces slightly, and fuses easily 
to a grecnish slag, lammela in Finland (+) Praseoltte, lamellar 
and green, Brevig in Norway 


586 EMERALD (Leryl), Alsi, +3G181. 

Hexagonal, P 59°03 Crystals of oP, OP, and oP, oP2, OP, P 
(a, p, ¢, 8, fig 519) are y21smitie, 
cucrally with vertical stnie C1 
asal, iather perfect, oP im- 
peifect H=75to8, G=26 
to 28 Iransparent o1 trans 
lucent , vitreous Colourless or 
white, but generally green, some 
times very brilliant, also yellow 
and smalt blue BB melts with 
difficulty on the edzecs to an obscure 
vesicular glass Not afficted by 
acids Oc 675 silica, 187 | 
alumina, and 138 giucina with 
03 to 3 iron petoxide, and 03 
to 35 chrome oxide im the rch 
green emuiald Emerald bi h 
green , G =2 710 to 2 759, occurs 
in Muso Valley near Bogota, also 
in Salzbu1z and the Lials Ler y/, or Aquamarine, colourless, or 
less binant G —2677to27. ueu Mursinsh and Nertchinsk 
in Siberia, Salzburg, and Biazil im the Umted States, where at 
Grafton, betwen the Connecticut anl Merimach, crystals 4 to 6 
fret long and weighing 2000 to 3000 Tb, occur, Mourne Moun 
tuns in Ireland, Mount Battoch and Canngorm in Scotland (fig 
98)  Corumon Berjl at Falun in Sweden Fossum in Norway, 
Limogts in Trance, Rabenstein in Bavaria, Nigg Bay and Pitfodels 
and Rubislaw new Aberdeen (Davidsonite) Strury Bridge (Ross) 
Lmerald and beiyl are much \ilued 23 } re 10us stones Known 
from quartz by fae» Lormsshownin ti,s 92 %v 96, 97, 98, 276 


587 Levucornans, 6CaSi+8Gls14+ 2Nal 


Right yrismatic oP 91° Cl basal perfect H =3 5 to 4, 
G=297 Pelluad Wineyellow to ulne,iecn  Viticous 
BB_ fuses to pale violet blue beard Ce silica 47, lime 238 4, 
glucina 10 7, soda 11 3, fluorme 66 Lamu in Norway 


588 MELINOPHANE, 7(R,S1,)+6Nal 


Pyramidal P 122° 23 Mostly lamella H=5, G =3 
Honey yellow to cition yellow Brevig an Frederksvarn 





FELSPAR GROUI 


Crystallization oblique }11smatic or anoithic, very similar both 
in aspect and im angles (C1 very distinct, especiilly the basal P, 
less so the clino or brachydiagonal MG =2 4 to 3 2, but mostly 
25to28, H =6ora little more Slightly or not at all soluble in 
acids BB fusible, but often with difhculty Tianslucent, pure 
vanieties tiansparent Colouiless, white o: shades of red, less 
commonly of greenoryellow Cec anhydrous silicates of alumina, 
and of an alkalt or alkaline earth 

The felspirs are very 1mportant constituents of the earth's crust, 
occurring in nearly all the igneous 1ocks, and m many of the 
stratified crystalline schists In true strata they are found chiefly 
as fragments or decomposed, and in the latter state form a large 
prt of wet soils and clays By the older mincialogists and in 
popular language many species are conjomed under the common 
name of felspar which are now considered as distinct each of them 
having not only its peculiar physical and chemical characters, but 
also geognostic position and associated groups of minerals Thus 
orthoclase, and the other more siliceous felspais with potash, abound 
in granite and the plutonic rocks , the l¢ss siliceous, with soda and 
lime, characterize the volcanic rocks,—e q , lubradonite the basaltic 
group, glassy felspar the trachytic Onthoclase 1s associated with 
quartz, hornblende, and mica, glassy fclspu either with hornblende 
and a black mica or with augite, laliadoite with augite, very 
rarely with quartz or hornblende 

The felspars are best known from similar 1, inerals by their hard- 
ness (they scarce scratch with a good knife), difficult fusibulty, and 
unequal cleavages The following marks my aid the student mn 
distinguishing the moie common species In orthoclase the basal 
cleavage plane forms a mght angle with the clinodiagonal cleavage 
planes M on both hands, im the triclime or plagioclase felspars 
the angles are unequal Orthoclase, albite, andesine, and oligoclase 
are insoluble in acids, labradorite and anorthite are more or lese 
soluble In granite, when decomposing, orthoclase often becomes 
reddish or dark red , oligoclase dull green, and at length white. 

Walterhausen considers that the felspars are mixtures of three true 
species, forming a series with the oxygen of the sunca, alumma, and 
RO in the proportions z 3 1,—z ranging from 24 to 4, Tcher- 


MINERALOGY 


mak and most mineialogsts now take a similar view, regarding 
orthoclase, albite, and anorthite alone as true species, of which the 
others are mixtures Those consisting esscntially of potash and soda 
only are mechanical mixtures of orthoclase and albite, the distinct 
lamelle being visible by the microscope, those again that contam 


annantialler linn onde 


PIVpUL UVES, BUU WILL COLrespoUIg LAUSIUIODS 1D Crystauograpnic 
and physical properties Notwithstanding this, these intermediates 
must be regarded as independent mineral species, mnasmuch as they 
are severally typical of certain rocks, and have characteristic forms 
differing from each other in angular inclination 


589 OrtHociase, Alsi, +S, 

Oblique prismatic, C=68° 57" oP (Zand 1} 118° 47 , P°a (x) 
65° 46’, 2P%co (nm) 90°71 , 2Po~ (y)85°45 Thecommonest and 
simplest forms are oP, OP, Poo, and oP (Af), oP, OP (P), 
2P°m (figs 520 to 527) When oP predominates the crystals 


ale 
Zoe. 








Fig 520 Fig 521 Fig 522 
- t z 
o 
(=> 
Fig 523 Fig 524 Fig 520 


are short 1hombic pnsms , 
when oP yredominates 
they are tabular, when 
oP and oP*o predom 
nate they arc short hexa 
gonal prismatic, when OP 
and oP*%o they are rect- 
angular prismatic, often 
much len sthened Twins 
are very frequent, and 
occur according primanily 
to four laws Fir: , 





Fig 526 
through revolution of one half or of a whole crystal, then formmng 


Fig 527 


interpenetiating twins round a vertical axis (fig 195) In the case 
of this hemitropic revolution one of the external faces becomes a 
face of union According as the mght or the left half (or whole 
crystal) 18 conceived to be that which has been revols ed the crystals 
are termed right and left, asin figs 188,189 Second, by revolution 
of one half around an avs normal to #, im such twins the com 
position 1s not evidenced externally except by sutmes Third, 





Fig 528 


Fig 529 


through revolution round an axis normal to P, forming orthorhomb.. 
prisms which show a herring bone lineation, through the meeting of 
strie commonly present upon the face Af parallel to the intersection 
of its edge with the face 7’ (fig 528) Fourth, by revolution 1ound 
an axis normal to 2P*s (x), this also forms a prism the section of 
which 1s neaily square (fig 529) Compound twins on this list 

type are formed of 3 to 4 and 8 crystals (fig 530) 
Occurs also massive, and coarse or fine gianular (Cl basal (Pj, 
rfect (P M=90°), fracture 


very perfect , clmodiagonal (4), 
conchoidal or splintery H =6, G =253 to 258, Transparent 


to translucent on the edges, vitreous but pearly on cl , and also 
opalescent, with bluish or changing colours. Occasionally colour- 
less but generally red, yellow, grey, or green, BB fuses with 


Fig 530 


419 


difficulty to an opaque vesicular glass Notaffected by acids Cc: 
64 6 silica, 18 5 alumina, and 16 9 potash, but generally 10 to 14 
potash, 1 to 4 soda, 0 to 13 lime, 0 to 2 iron peroxide Vanieties 
we 

(1) Adularia and Ice spar, transparent or translucent, splendent, 
and almost colourless Some with bluish opalescence are named 
Moonstone , St Gotthard, Mont Blanc, Dauphine, Arendal, Green- 
land, and Ceylon 

(2) Common Felspar, generally white or red, especially flesh red, 

acommon constituent of many rocks Crystals at Baveno on 
Lago Magnoie, Lomnitz in Silesia, Mourne Mountains and Wick- 
low in heland, Aberdeenshire (at Rubislaw 6 or 8 inches long) 19 
Scotland, and at Carlsbad and Linlozen im Bohemia Amazon 
Stone verdignis green, from Sutherland, Lake Ilmen «nd Colorado, 
and Murchisonote, golden or greyish yellow, from 411an and Dawhish, 
ale varieties 

(8) ‘Lhe Glassy Felspar or Sanidine (C 64°1 »P 119° 16) con 
tains 3 to 12 potash and 3 to 10 soda Crystals imbedded, 
vitreous translucent, and often much cracked Atran Eigg and 
other parts of Scotland, Diachenfels, Auvergne, and othe: countries 

Orthoclase occurs m granite, gneiss, and polyhyry im many 
countiics It1s commonly associated with quartz sometimes, as 
in the Graphic Granve of Sutherland, Hairis, and Portsoy, in 
letter hhe combinations of the latter Iti» very liible to decom- 
position when it 1 converted especially into haolin used for 
nmanufactming porcelain and stoneware The adulazia or moon- 
stone and the gicen amazon stone are cut as o1namental stones. 
Leelife, fiom Biddean nam Bian in Argyllshire and Grythyttan in 
Sweden 1s 1 somewhat siliceous horny lustied flesh coloured com 
pact varicty  Petwnt e and Hornstone are similar but mote umpure. 
Alvcrocline 1s a variety with an,Je distorted by interstitial penetra 
tion, by oligoclase (Sutherland), and by albite (Frede1iksy arn, &c ) 


590 AxBITE, AlSi,4 NaSi, 


Anorthic 0P(P) Poco (Af) 86°24, oP (2) oP (7) 122°15, 
but angles varitble Crystals generally like those of orthoclase, 
are tabular or prismatic (fiz 197) Hemuitropes common, especially 


united by a face of cPco (figs 531, 582) the re entering angle be- 


CA 


Fig 531 


tween the faces of OM(P and P’) 172° 48 being very charactenstic. 
Fig 1981s «noth: common hemitrope Also massive, an 1 in radiat 
ing plates Cl basal and bracaydiagonal, almost equally perfect , 
fracture conchoidal or uneven H =6 to 65 G =26 to 267 
Rarely trans} arent , vitieous, pearly on the cl Colourless, but 
generally white, grey, green, red, or yellow, streah white BB 
difhcultly fusible, 
tnging the flame 
yellow, to a white 
semiopique glass 
Not Tiftected by 
aids Cc 686 
silica,19 6ulumina 
with 0 1 to 1 iron 
puoxide, and 11 8 
sod, with 0 3 to 4 Fig 
lime, 0 to 2.5 potash Hence albite and orthoclase both contam 
soda and potash, only in different proportions Albite 18 most 
eisily recognized by its frequent re entering angles, its readier 
fusibilty, and the obliquity (93° 80 ) of its cl planes, often marked 
with strie  Perteltne is a variety of which fig 533 1s a typial 
form 

Albite 13 a constituent of many ‘‘ greenstones, ’ as at Corstorphine 
(Ldinburgh), and of gianite, syenite, gneiss, porphyry and trachvte. 
Crystallized at Murdoch s Curn, Aberdeenshire being the colourless 
felspar of the red gramites of Scotland Dauphine, St Gotthard, 
Tyrol, Salzburg, and Arendal 

Advnole is a compact vanety similar in appearance to Leelste 


591 Anorruitz, A181 + Casi 
Anorthhe OP (P) oP (if) 85° 50’, oP (1) » PZ) 120° 


80 Hemutropes common on both Jf and J Angle between P 
and P’ 180° 24 Cl basal and brachydiagonal, perfect H.=—6; 








420 


G =27+to278 Transparent ortranslucent, vitreous Colourlessor 
white BB fuses toa clear glass, soluble without gelatinizing in 
con h acid Cec 48 silica, 869 alumina 201 hme sometimes 





Fig 534 


with magnesia and soda Fetlar in Snetland , Lendalfoot in Ayr- 
shire, in gabbro Monte Somma, Iceland, Java Lepolite and Am- 
phodelite are varietus In Latrobite the greater part of tne Lme is 
replaced by yotash Glen Gairn and Labiado: At both ~ose red 


592 OxiaccLaseE 2A]$1,+ (Na, Ca),Si, 


Anorthi. 0P obo 86°10, oP oP 120° 42 Hemitropes 
face m, with p p 178°4, 2 1120°20, y y179°9,a 2 175° 59’. 
Cl basal, perfect, brachydiagonal, lessso H =6,G =2 62to2 84 
Vitreous, resinous on the cl White, with a tinge of green, giey, 
orred BB melts easter than orthoclase or albite to a clear glass , 
not affected by acids Cec _ 68 silica, 23 4 alumina, 8 4 soda, and 
42 lme thus nearly=3 albite and 1 anorthite Dustmguished 
fiom orthoclase by the marked strie on the faces , less readily from 
albite, but more fusible andG higher The common associate of 
orthoclase in the Scotch grey granites, especially in vein gianite, as 
at Rispond and Len Loyal (figs 536, 587) mm Sutherland, and at 





Fig 536 


Rubislaw Scandinavia, Urals, Harz, and North America The 
Sunstone, from Foinaven mn Suthcrland, Norway, Lake Baikal, and 
Ceylon, with a play of colour due to 1mbedded crystals of rubin- 
glimmer (gothite), belongs to this species 


598 LapripopirTe, AlSi,+(Ca, Na)Si 
Anorthic OP oPo 86° 40, OP oP 111° OP oP 113° 


84’, oP oP 121° 37 , mPa oP 120°53 wPo oP117° 
30’ Hemitropes of three types —(1) according to the first law of 
orthoclase as in fig 538, that 1s, vertical revolution and face of 


2) revolution of one half with reunion on the face Po, 


[2/ 
Mer 


Fig 539 


as .n fig 539, (3) with twin face P, asin fig 540 Hemitr f 
the last form also occur in which the lower half consists of By 2 
trope formed eccording to the second method Orystals imbedded 


Fig 537 


union oof rf 





Fe 538 


MINERALOGY 


in rocks consist generally of repeated twins affording an angle of 
178° 20’ Cl] basal, perfect, brachydiagonal, less so , both usually 
striated on account of the abovetwinning H =6,G —=2 68to2 74 
Translucent, vitreous, on thecl resinous Grey, passing nto white, 


greens yellow, or red The faces of ooPco often exhibit very beauti- 
ul changing colours—blue, green, yellow, red, or brown—some 
times bands intersecting at certain angles BB fuses more readily 
than orthoclase to a compact coloutless glass Sol inh aad Cc 

52 9 silica, 80 3 alumina, 12 3 lime, and 45 soda_ Itis thus=1 
albite and 3 anorthite Common constituent of dolente, gabbro, 
and hypersthene rocks In Scotland, Labrador, Finland, Harz, 
‘Tyrol, also at Etna and Vesuvius 


594 ANDESINE, AISi,+ (Nala)si 

Anorthic Crystals simlai to albite and anoithite Twin face 
Af Crystals generally formed of repeated plates G =2 67 to27 
Physical properties lihe albite, more easily fusible to a porous white 
glass, h acid sometimes dissolves out alternate lamine of crystals 
Ce 69 7 silica, 25 Galumina, 7 7 soda, and 7 lime, and thus nearly 
1 of albite and 1 anoithite Typical of the pmmary hmestones 
and a granitic belt therem in Scotland, as at Shinness, Urquhart, 
Dalnun, &c In the Andes, the \ osges, and Iceland 


595 HyYALopuanr, Alsi, #513+AI]S81, BaSi 

Oblique prismatic xesembles orthoclase crystals and angles 
neatly the same Cl OP, yerfect H =6 to65, G =28to29 
Tiansparent Lustre vitreous Colouiless, white, and flesh-red 
Cc silica 527, alumina 21, baryta 151, potash 7 8, soda 21 
BB diftcultly fusible to a blebby glass, not actcd upon by acids 
Biimen 19 Valais, Jacobsburz in Sweder 


596 BarsoviTe, AlS1+CaSi 

Right prismatic, or oblique prismatu H =55to6, G =2 58 
S:1 ow white, translucent Fracturegranular Pealy Cc silca 
42 2, alumina 36 4, hme 198 Gelatinizes in h acid, difficultly 
fusible A dimorphic form of anoithite Baisovsko in the Vials 


597 SAvssvRITE 

A massive granular, tianslucent, white or pale gieen felspathic 
mineral of the nature of anotthite mixed with labradorite H =6 to 
7,G =3 26to3 4 Probably amixture Occurs in loose blocks near 
Geneva, andim Corsica In China andin India 1s carved under the 
name of Onental jade (nephiite) Seems to be confounded also 
with zoiite, and perhaps with vu (piehmite) Jadevte 1s sumilan 


ZEOLITE GRouP 


These crystallize 1n all the systems except the anoithic, and them 
selves present great variety of development Mostly hyaline and 
white , rarely red, grey, or yellow Cl generally distinct All 
yield water in closed tube , al fusible B B most easily, and often 
intumescing , all sol in acids, and mostly gelatinize 01 deposit 
silica They are hydrated silicates of alkalies, or alkaline earths, 
mostly with silicates of alumima, but rarely contain magnesia 
Some mineralogists regard the water as basic, in union with silica, 
and Kenngott gives the formula 1n that form, thus — 


Analeime, (NaAl) 281+ 2(H, 81), 
Natrohte, (Naz!) 251+ 2(H, 81), 


Stilbite, Ca, Al+ 6(H, Si), 

and the others similar They are generally found in amy gdaloida} 
cavities or fissures of trap or plutonic 1ocks, apparently as deposits 
from water percolating into them, and ate thus probably product; 
of decomposing nepheline or felspars, or hydrated felspara them 

selves They never form constituents of rocks Natrolite, 
scolezite, thomsonite, and the connected varieties are marked hy 
their needle-like radiating forms , stilbite and heulandite by their 
broad, foliated, pearly cleavage 


598 Prcrouire, 4CaSi+NaSi,+H 


Oblique prismatic, C 84°37’ —aPco (c), OP (wu) 95° 23’ 
and w Twin-face c, chiefly spher 
oidal and radiating fibrous H =5, 
3 ~274 to 288 Translucent, A 
srystals pearly , fibressilky Pale 
n to yellowish white Sol m 
acid, leaving silica Ce 542 
mlica, 887 hme, 94 soda, and Fig 541 
27 water Ratho, Corstorphine, Castle Rock, and Arthur's Seat, 
Edinburgh, Kilsyth, Stirlmg , Knockdohan and Lendalfoot, Ay:- 
shire, Skye, Montebaldo, Monzon: Valley in Tyrol 


599 Waxxenire, 4CaSi+ MgSi+Nadh, + 23. 

Like pectolite, but columnar H =—45,G=27 Filesh-coloured 
Lustre pearly to greasy Cc silica 587, lime 28 6, magnesia 
” 1, soda 7 9, water 46 Corstorphine Hill, Burntisland 

600 Xovoruite, 4Ca8i+ 7 

Massive H =6,G =26t027 Pink, white.and grey Tough, 


Cl ¢ 


MINERALOGY 


fracture conchoidal and splintery Cec _ silica 49 8, lime 48 5, 
rotoxide of manganese 2 8, protoxide of non 29, water 37 
ufinichen and Torosay (Mull), Xonotla (Mexico) 


601 Toprrmoritr, 3(Ca,, 1)S:, +2) 

Massive, fine granular, translucent, fracture hackly H 5, 
G=24 Pale pnk Ce ailica 498, lime 37 2, water 129 
Tobermory (Mull), Dunvegan (Skye) 


602 OKENITE, CaHS:,+H 

Right prismatic oP 122°19 Usually fine fibrous, radiatin 
H =5, G =228 to 236 Pellucid, shghtly pearly Yellows 
to bluish white In powder easily oot inh acid, leavin 
gelatinons flakes afte: ignition Cc 566 silica, 28 4 lime, an 
17 water, an 7) ee ha without the fluorine Disco Island, 
Faroes, and Icelan 


603 APOPHYLLITE, 8(CaSi+ 2H) +KF 

Pyramidal P 120° 56 PP, mPa (m), OP (0), wP2 (r) 
Rarely lamellar Cl o, perfect Bnttle H =45 to 5, 
G=23to 34 Transpient, vitreous On o yearly (Ichthyoph 
thalmite) Colourless, 1arely pink, green, 1ed, brown, and yellow 
BB exfoliates, intumesces, and melts to white enamel Sol in 
h. acid, leaving silica Cc silica 508, lime 247, water 15 9, 


Ct | 


Fig 543 


potassium 4 3, fluoume 21 Dunvegan and Storr, Skye (fig 544), 
Chapel, Fife sug (fig 542) and Ratho, near Edinburgh , 
Kilsyth, Bowling, Kilpatrick, Port Rush, Ireland In the form 
P (fig 79), grass green at Oxhaveer, Iceland (Ozxhaveerite) , Uto, 
Sweden, Andreasberg and Faroes (pink), Faroes, and Poonah in 
India (green) Internal structure tesselated, being built up of wedge 
and lenticular forms with varying refractive indices, hence exhibit 
ing a beautiful structure with polarized light 


604 GrrRouiTE, (#Ca+}H)S1+H 
Lamellar, radiate, spherical, and investing H =3to4 Pearly 
Bluish white to cream coloured Transparent, rapidly becoming 
opaque Cc silica 5338, lime 329, water 138  Quuraing, 
Tynilale: and Storr, Skye, Loch Screden and Carsaig, Mull, Canna, 
ut, Niakornak, and Disco , Faroes, Nova Scotia 


605 ANALCIME, AJS1,+NaSi+ 2H 

Cubie oOo ,202 Fractureuneven H =55,G =—21t02 28 
Colourless, white, flesh red, sc1 
let Vitreous, transparent BB 
melts without fiothing to a clear 
vesicular glass  Decomposable 
with gelatimization m h acid 
Ce 645 silica, 23 3 alumina, 
141 soda, 82 water Walls, 
Orkney, Talisker, Skye, Sanda, 
and Hebrides gener - 
parent at Eigg, and Ehe, Fife, 
scarlet at Bowdens, Kincardine, 





Fig 542 Fig 544 





opaque white at Glen Farg, 

Salisbury Crags, and Dumbarton, i 

Giant s Causeway, Seisser Alp m Fig 545 

Tyrol, Cyclo Islands (fig 545), Faroes, Iceland, and Nova 


Scotia udnophie isavanety Pecto 
lite (sp 598) occurs psendomorphous after 
analeime, in large crystals of a, 1, at 
Ratho, Edinburghshire 


606 PoLtux, 3(A1S1,+ (683, Nad)S1) + 


—e 


Cubic mOo, 202 (fig 546) Also 
argh Leriain maag Buttle, \ 
with traces of cleavage Tacture con 
choidal H =55 to 65, G=28 to = \ 4 
29 Colourless Vitreous Sol mn Fig 546 (sp 606) 
acd Cc silica 44, alumina 16, oxide 8 sp 
of cemum 34, soda 2 5, water 24, Elba. The only mineral which 
contains cesium im quantity. 


p @170° reenterng (fig 
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607 Favsasitxz, 2A)Si, +(CaNa),Si, + 18%f 

Cubic , in octahedrons with the 1cositetrahedron §0% Fracture 
uneven, brittle H =7,G=+=192 Transparent, vitreous to 
adamantine Whiteto brown Sol mh acid Ce 46 8 sili 4, 
16 alumina, 4 4 lime, 4 8 soda, 28 water kaiserstuhl in Baden, 
Annerod near Giessen, Eisenach, Marburg 

608 CHaBAsiTE (Lime Chabasite), AJSi, +CaSi + 6H 

Rhombohedral , R 94° 46’ 33R4,-4R (r),-2R (r), P22 (a) 
Twins very common (generuly intersesting) or faces oP and 





Fig 48 


Po Primary rhombohedron 18 sometimes twinned with a crystal 
with faces 7, ¢,8 (Cl rperfect H =4 to 45, G =2to 22 
Transparent or translucent, vitreous Colourless, and brownish, 





hig 49 Fig 550 
yellowish, brick, and flesh red Sol in h acid, leaving silva. 
Cc silica 47 8, alumina 20 8, hme 10 7, water 21 3 yndale 
(figs 547, 548, 549), Taliskei (figs 176, 550, sometimes flesh 





Fig 561 


hi, ue 


colour), and Stor, Skye (figs 547, 548), Port a 3 and hil- 


malcolm (pmk and brown), Giant’s Causeway and Magee Island 


(1ed), Faroes, Iceland, 





Aussig, Andreasberg 
(hg 551) Haydenite in 
twinned xhombohedra, 


with p p 95° to 97° and 


552), from Fassa and 
Maryland, 1s similar 
Phacolite 13 chabasite n 
twins of $P2, wP2, R, 
-4R at the Guant’s 
Causeway (fig 154) At 
Richmond in Victoria 
they occur as m fi 


Fig 593 


& 
558, -2R (n), —¥R (r), $P2 (2), OP (c), polaredge 9P2145° In 
this, half of the lime 18 replaced by soda. 


609 GmELInire (Soda-Chabasie), AlSi, + NaSi + 6H 


Hexagonal R 112° 26’, P 79° 54’ Combination P, OP oP 


422 MINERALOGY 


(figs 554 556) Faces of P striated parallel to the polaredge those = 14 HeyranprrE Alsi, + Cai, + 5H 
ofthe pristn I onzontally (f, 55 Cl oP distinct Gelitimizes Oblique pnsmatic C 63° 40 P°a (p) 50°20 2P (2) FP (uj); 


Pa (r) BPeco (s) wPo mP,0P 2 2186°4,u 146° 52 
Crystals elongated along 


cach of the axes pre yeas 
sent very varying forms /o / 
but generally tabular 
Cl climodiagonal, per )) ¢| ) <4 pe| 
fect pearly on this 
vitreous on others v, ad 
bnttle H —35 to 4 
G=21to022 Trans 
parent to translucent «—4 > 
Fig 568 


colourless, white brick 
Fig 556 ied rose green har "8 561 Fig 562 


with h acil Cec 476 silica brown BB melts with 


“ at ie \ PS 
bed 19 7 alumina 12 soda 207 water exfoliation and intu y ( 
tas Certain crystals seem to indicate mescence to a white WA 
twinning Talis] ‘in Skye (twins of fig 55v) Glenarm m enamel Sol in h| v 
Artim (fig 500) Vicenza lyrgo acil leaving _ silica 
11 Cyprus Caze Blomidon in Nova Storr and Talsher 
S otia 5 e (fig 562) ae S 
Umalcolm Catterline 
610 Levixc Alsi + CaSi+ Kincardine (fig 563) 
15 hiljatrick Halls (p12 Noor, 


Rhombol edral R (s) 79° 29 nm 1 7 s)and kintyre 

th (r) 106 3 OR (0) Forms (red) Iceland Faroes Mig 564 Fig v0 
1itersecting twins as in fig 507 Fig 557 Hassa Valley Nova Scotia Baltimore (Beaumontite) (fig 565) 
Ws4 € =21to22 Colouless (p mn ¢) Vindhya Mountarsin India (fi, 564) 


ind whtce Cc silica 488 alumua 238 lme 97 water 21 ae 
Storr in Shye (0 s) Ireland (t 615 Brewstrrir: AlSig+Ro,+5H h—($8:+#Ba+}Ca) 








Glenarm Islani Magee Londo: : Ol lique jmsmati C 86 56 P%o (a) mPa (t) OP (0), 
derry & Iceland Dalsnyye1 ; nPea (e) oP (22) PZ (c) oP} (ft) ¢€ € 
and Naalso 1: the Faroes 173 10 (fig 566) Cl chmodiagonal perfect 
euly on do vitreous on otheis pellu 13 
611 Hrk MLLITE i 5to55 G—-25 te We Co a 
(CaNa)si + ot yellow or brown Sol wath gelatinization in h 
acid Cc 548 silca 15 alumina 9 strontia 
ietcoad ait aiaadear ceed 66 baryta 13 lime 135 wate: Stiontian 
oneofaf, 508) a €122 8 Freiburg in the Breisgau Pyrenees 
@! ¢ 107 26 e strut 1 hon 616 Paruurpsiir Alsi,+(Ca H)Si+5H 
zontally Cl ¢ fracture con Oblique jrmsmate C 55 1 oP (7 ) 
choidal tia syarcnt —_—vitreous Peo (b) OP (c) Polar edges 120 42 anl 
White or colouless H 55 Fig 508 (sp 611) 119 18 Faces b and m strate jarallel to 


G=206 Cc  asilca 47 alu the mtersections Apparently always twinned 
mina 21 2 Ime 52 soli 4 8 potash 2 water 17 86 Aci generally these duphested by yntersection on 
Castello and I lagomia 1: $1 ily ara in Australia face b or face ¢ (figs 567 568) and frequentl: Fig 566 (sp 615) 
arranged so that three of the above double twins intersect at 
ities rata Ses Laat hees right’ angles to one another forming the cruciform fig 569 
Obhqie ym natic C80 4% oP ( ) 8616 wP — oP (e) 


113 30 Po ot 111 14 ¢€ alQo 41 
@6% c 143 15 [vinfaca Cl nm 
perfect very tnttle H =3 to80 G=22 
to 23 Tellicid wien fresl vitreous yearly 
on cl White creamcoloird bikhzel De 
composes 1 } lly thiou,h loss of \ater BB 
mtumesces ani melts first to a wlite enimel 
ultimately to a clear glass Gelatimizes in h 
acid Cc silica 509 alunina 218 hme 
119 water 163 Jayilly loss 1 equivalent 





or 3 86 yer cent of us cm Lecon es fit = \ \ 
able (Hyposteliite)  Kulfinclen, Mull (fg el UA 
559) Storm and Quuirain, Shye (by postil s J 2 roe 
bite) Tod Head Snizort Glen Farg (rei) ( * wn \ \phn WR) ee} \ 


Bowlin, Durilarton (twins of m e) Huel \ S SSS 
goat in Brittany Prague Falun Iceland Fig 559 <<a 
Faroes ‘ova Scotia Caporcianut from Tuscany has only 8 
water 


6138 Fil TINBITE (Resssitc) 


AlSi,+CaSi, 5H 
Oblique } ismatic C 54 53 

oP (m) 1dv 10 Poo (t) 109 
46 4P(s 14 40 fg °60) Hem 
tropes unitelly2 with twins of 
the same unitel ly the bracly 

onal (@) (C] trachy hagonal 
perfect H =35to4 G —23to 
24 Pellucid vitreous | arly 
on cl Colourless Sol without 
gelatinizing Cc silica 59 aluin 


K\YF 





ima 175 lime 9 soda lo \ ater Fie 580 
145 Tahsker mn Skye (m ¢ 0) 8 
Hartlepool (mm twins) Iceland Faroes Silema Viesch in Valais, Fig 569 Fig 570 


Nova Seotia and New Jersey When the prismatic faces of these are short the faces m of the 


MINERALOGY 


intersecting individuals fall nearly into one plane presenting the 
form fig 570 when long fig 190 Bnittle fracture uneven 
H =45, G =215to22 Gelatimzesinh acid Ce silica 48 6 
alumina 20 2 lime 7 3 ae 62 water 177 Giants Causeway, 
Giessen, Marburg Cassel Capo di Bove Vesuvius, Iceland 


617 Harmorome <AlSi,+ BaSi, + 5H 

Oblique prismatic C 55° 10 oP (s) mPo(b) OP (a) 
Forms hke philhpsite but more frequently m simple twins 
Physical propeities hike phillipsite but G 28 to 25 and fuses 





ky 3 
with difficulty Dnfficultly sol mh acid Ce 
alumina 237 baryta and 139 water 
(Morvenite fig 5 2 and opaque (figs 571 5/8) Glen Aibuel (fig 
5/4) and Bowling in Dumtaiton Corstorphine near E linburgh 
Andreasberg Kongsberg Oberstein 


618 Sriupirc Alsig+ Cad 3+ ¢H 


Fig 514 


46 5 silica 159 
Strontian transparent 


Oblique prismati but with mght prismatic habit C 50° 49 


oP (a) wPo(h P(r) ok2 (22) OP (p) Cl a perfect 
H =85to4 C 21to22 Tiansjaient vitre 
ois Pearlyon 1 Colouless white yellow yale 


biown, brick red Decon)oset by h acid leaving 
si ca Cc sihca 57° alumma 164 lime 89 
wter 172 Stor: anl Talishe: m Skye (a2 b p 
(fh. 575) and im Hebriles (colourless) Arran and 
hilmalcolm (pale brown) Long Ciaig (Dumbarton) 
and Kainneft kin arine) (brickred) Iceland 
Faroes Andresl erg \inil ya Mountains Wellington 
M untains (Aust: la Nova Scotia 


619 PuFPLERITE AIS ,+Ca Si, +54 

kibrous globular concretions with vitieous surface 
H =4 G—221 Gheyish white ‘Transjarent 
Cc silica 528 alumina 163 hm 11° water 
17 2 Pufflaisch in the Seisser Al} 

620 EpiveroniTE 4181 +8BaS1+12H 

k yramidal hemihedral with inclined faces 
129° 8 oP (a) polar elges 
P 92° 51 (fig 5/6) Cl a@ per 
fect fractuie uneven H 4 
to45 G=27to 271 Trans wae 
lucent vitreous Colourless ee 
Ce silica 37 3 alumi 23 75 
baryta 26 52 water1246 kil 
patrick Hills im Dumtarton a 
shire 

621 Forxrsitr 2A1S: 
+ (Na, Ca,)S1. + 6H 


Right fom ele Po, 0P Cl brachydiagonal 
perfect , lustre thereon pearly G@=24 White Cc silica 
50 alumina 274 hme 55 soda 14, water 151 San Piero 
in Elba 

622 NarroLite AlSi,+Nabi+ 2H 

Right pwmatic oP (m) 91° P(o) polar edges 143° 20 and 
144° 40, middle edge 58° 20 Ps (b) cPo (a2) Radiating 


\ 






Fig 575 
(sp 618 


P 87°19 «=4P (n) 


Fig 576 (sp 620) 
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acicular crystals often fibrous Cl oP, perfect H =—5 to 55, 
G =217 to 226 Pellucid , vitreous lourless ochre yellow, 

ddish Is not pyroelectne BB melts quietly toa clear glass, 
colouring flame yellow Sol in oxalic acid c 47 2 silica 





Fig 577 Fig 5 8 


27 alumina 16 3 s0da 94 water Glen Farg (fig 5/7) (colourless 

and reddish) Iantallon Castle (fig 578) Dumbarton Bowling 

(green) Camysie Bishopton Glenarm and Port Rush (Ireland) 

Auvergne Hesse Hohentwiel in Swabia Norway Crocaltte 1s red 

sg and investing Kintyre Horfarsmre Wemyss Bay and the 
ra 


628 ScotzcitE AlS:,+CaSi+ 3H 

Oblique prismatic C 89° 6 oP (m) 91 85 1 (0) 144° 
20 P Prismatic ani acicular crystals Twinscommon on face 
oPteo one face with feathered striz Cl oP perfect H =5 to 
55 G 22to 238 Pellucid vitreous pyroelectric White 
to reldish white BB twists mm a vermic manner melting 
readily to a porous glass Only par 
tially sol in oxalicacid Ce silica 
45 8 alumina 26 2 hme 143 water 
187 Staffa Loch Screden Mull 
alisker Shye Berufiord Iceland 
({g 579) Faroes Vinihyas India 
Natrolite and scolecite | 288 to one 
another There are two definite in 
termediates—Farg te consisting of 
two equivalents of natrolite and o1e 
of scolecite ud Afesolite consisting 
of one of the former and two of the 
latter The first of these occurs 
at Glen Farg and at Bist opton 
(Galctite) tle seconl 1s the ordi 
nary rediated zeolite of the amvgda Fig 5 9 
loi is of the Tertiary igneous rochs of the Hebrides and the Faroes 
It there occurs in matted crystals of extreme tenurty (Cotton 
stone) also in delicate feather, tufts im Rentrewshne in spheres 
with an internally radiate stiucture and also in needle form and 
in downy tufts 


624 Gismonpinn AlSi+(CaSi+ 4H 
Pyramidal 1 (5) 92 30 yolar angle 118° 34 





wPo (fig 


580) Cl P H 5 oneilgs 
and angles 5 to 6 G 26 
Translucent yitreous Jlu h 
white toyile red Cc sha 


859 alums 2/3 lime 13] 
otash 28 witr 211 Isla 1 
ageeand Larie licland Ve 
vius Aci Cistello anil Cayo hi 
Bove Schiffinberg 1 ear G1 sse1 

Schlauroth near Gorlitz 


625 ZracoviTe AlSi+(CiK) 


Si+ 4H 

Right 1 11smatic 
angle 89°13 Crystals hk fig 419 H =5 on edges and angles 
7 G=22 Transparent vitreous Colourless 
white or blusl e sili. 44 alumina 23 3 
hme 53 ptwh111 waterlu 3 Capo di Bove 


626 Trom oxrm 2A)81+2 CaNa)1 +58 

Right pusmatic oP (22) 90°26 Poo (a) 
colo (b) $Pc0 (y) Pw (r) dela (x) 2 2 
177° 34 20 Cl macrotiagonal and brachy 
diagonal both perfect H to5o G =2 30 


to238 Translucent vitic 1s pearly on mac 
rodiagonal Colomless Bb difteultly fusille 





Fic 580 
P yolu angle 120° 3; and 121° 44 mnddle 


with intumescence to awhite enamel Sol with 
gelatinization in h acid Ce sina 387 og, SSL Gp: 6) 
alumina 808 lime 13 4, soda 44 water 181  Lochwinnoch, 


henfrew , Kilpatrick (fig 582) Quiraing and Taliskcr (sometimes 


424 
massive granular), Rathlin and a ie Island, Ireland, Faroes, 


Vesuvius (fig 581) Sicily, Boherma, Tyrol, 


Nova Scotia 

Faroelste 1s a variety with 42 5 of sikica 
It replaccs thomsonite generally in Tertiary 
igneous rocka, occurrin,, at Storr and else 
where in the Hcbndes, Karoes, Iceland 
andNovaScotia ‘he angle of the vertical 
prism 1s within 8 of that of thomsonite It 
contains an equivalent more silica 


627 PREHNITE, AlSi+2CaS1+ 4 

Right prismatic oP (m) 
(c) 8Poo (e) 38° 26 , {Poo (v) 90°32, : Fig 582 (sp 626) 
(a), Poo (5), P(s) Crystals either tabular of ¢, or prismatic along 


both the vertical and the brachydiagonal axes, hence varying much 
in form Also in fan shaped and botryoidal aggregations Cl « 


perfect, pearly thereon, vitreous else : 
where H=6 to 7, G =28 to 3 a 


Tiinsparent to translucent Colow 








Fig 583 


m watlu 


silica 43 6, alumina 24 9, lime 271, water4 4 Glen Gairn, Aber 


meiting to @ porous enamel ue 


Veculpuseu vy 
deen (fig 588) Skye and Mull Corstorphime Hill (green and 
ink), Castle Rock (white) and Salisbury Crags (yellow) din 
urgh, Fnsky Hall, Dumbaitonshire (fig 584) Hartheld Moss, 
Renfrew (botryoidal), Cornwall, Dauphine Ty1ol Cape of Good 
Hope, China (Yu) 


628 FprepELite, Mn,$1;+ 2H 

Rhombohedral , R 123° 42 OR, oR Tabular habit, and m 
granular aggregates Cl basal,peifect H =4to5,G =31 Rose 
red, with pale: streah Cc silica 36, protoxide of manganese 53, 
lime 2 96, water7 9 Adervielle on the Neste de Louron (Pyrenees) 


Hyprovs SILICATES 0k ALUMINA 


Ihese are probably for the most part products of decomposition 
of felspars under atmospheric exposure 


629 Kaouin (Porcelain Earth), Ali, + 24 

Massive , in beds and veins Fracture uneven fine earthy, very 
soft, sectile,andfnable H =1, G@=22 Opaque,dull Whiteor 
grey, inclining to blue, green, yellow, or red Feels meagre, not 
greasy when dry, and plastic when wet BB infusible Not 
affected by h acid, but decomposed by warms acid leaving silica 
Cc very vatable, but approximates to 46 silica, 40 alumina, and 
14 water Chiefly a product of the decomposition of orthoclase or 
of granite, porphvry, and other rocks containing that mineral 
Cornwall and Devonshire in England ate the chief Luropean locali 
ties for the kaolin used 1n manufacturing porcelain 

Clays are merely varieties of kaolin, mixed with quartz sand, cai 
honate of lime, magnesia, and the oxyhydrates of 1ron Often 40 
to 50 silica, 30 alumina, 18 to 20 water, and 4 iron peroxide, 
with lime and potash In the fire they are infusible, burning 
hard Generally they are compact and fnable, of white, yellow, 
red, blue grey or brown colours Their specific gravity varies 
from 18to27 The following are varieties Pipe clay, greyish 
or yellowish white, with a greasy feel, adheres strongly to the 
tongue, when wet is very plastic and tenacious, and in the fire 
burns white Abundant in Devonshin and in the Trough of 
Poole in Dorsetshire, m Hrance Belgium, and Germany Used 
for manufacturing tobacco pipes and similar articles Potters 
Clay, red, yellow, green, or blue, b oming yellow o: red when 
burnt, more easily fused than the former, and often effervesces 
with acids That used in the pottenes in England comes chiefly 
from Devonshire Loam, coarser and more impure, with more 
sand, and consequently less plastic Shale or Slate Clay, greyish 
black, and much mixed with bitummous or carbonaceous 
matter Fri minous Shale, known by its shining resinous streak 
Black Chalk, with more carbon, leaves a black mark on paper Tron 


MINERALOGY 


Clay contains much peroxide of iron, 13 reddish brown, and forms 
the basis of many amygdaloids and porphyries 

630 Nacritz, AlSi, + 24f 

roca grr minute six sided tables in fan like group, and 

y =-05tol,G =285to26 Glimmeringto pearly, snow 

white or yellowish white Cc _ silica 46 3, alumina 89 8, water 
139 Aciystallineform of kaolin Fins in Allier, Mons, Freiberg, 
Pennsylvania, and coal formation commonly 

631 LITHOWARGE 

Kaolinic substances, compact, earthy, 1nd pseudomorphous 
H =25to3,G =24to26 White, yellow, orred Greasy, adheres 
to tongue klausthal, Harz, &c Similar are Carnat, Afyelin, 
Melopezte 

632 Hauuoysite, AlSi+ 44 

Massive ind reniform H =16t025,G@=19t021 Trans 
lucent when moist Blush white, green, oryellow Cc 41 5 silica, 
344 alumina, 241 water Hospital Quarry near Elgin, on the 
Tweed, Liege, Tarnowitz, Eifel (Lenznite) Fuller s Earth may be 
an impure ferruginous vanety Maxton in Scotland, Reigate and 
Maidstone in England, Saxony, Bohemia, &c 


638 GLAGERITE, Al,Si, + 6 

H =1, G@ =235 Bergnersreuth Malthazite, from Stendoifel 
near Bautzen, has less alumina 

634 Ko.tyritr, Al,S1+ 9H 

H =1 to 2, G@ =2 Also similar Schemnitz, Pyrenees, and 
Saxony Scarbrove from Scarborough has 10H,O 

635 MiLoscHIn 

Conchoidal orearthy H =2,G=21 Indigo blue to celadon 
green , has 2 to 4 chrome oxide Rudnik 1n Servis 

636 MOoNTMORILLONITE, A1,S1, + 27 

Massive Rose red Montmorillon and elsewhere in France, 
Poduruo in Transylvania 

637 RazouUMOFFSKIN, AI8i3+ 3H 

From Cannthia Chrome Ochre, with 2to 10 per cent of chrome 
oxide, from Waldenburg 1n Silesia and Creusot in I'rance, 1s similar 

638 CimoxitTE, Al,S1, + 6H 

Pseudomorphous after augite Bilin, Limburg, Kaiserstuhl, 
Aigentiera and Malo 

639 ALLOPHANE, AlSi+ 53% 

Botryoidal and reniform Fracture conchoidal, brittle H =3, 


G=18 to 2 Pellucid, vitreous Pale blue white, green, or 
brown Colour due to copper Charlton, Woolwich, Baden, and 
Bonn 


640 PyropHyLuitz, AIS: + 

Right pnsmatic, but radiated, foliated Cl perfect, flexible, 
sectile =1,G =28to029 Translucent, pearly Light verdi- 
gris green to yellowish white BB swells up with many twistings 
to a white infusible miss Cc 67 silica, 28 alumina, and 5 
water Urals, Spa, Morbihan, Westana in Sweden, Carolina, and 
Braml  Talcoste, from Heathcote in Victona, has silica and 
alumina about equal 


641 ANauxITE, AlS1,+3# 


Granular H =2 to 3,G =22t024 Translucent, pearly 
Greenish white Cc 605 stlica, 26 alumina and 185 water 
Bilin 1n Bohemia 


Hyprous SILICATES OF ZIRCONIA, THORIA, &C 


642 MALAOONE, 3ZrSi+# 

Pyramidal P 83°30’ Typical form wPo, P, oP H =6, 
G =39to41 Conchoidal fracture Lustre vitreous Cc same 
18 zircon, but with 3 of water in the Hittero variety and over 9 in 
that from Finland Has a surface opalescence and may be altered 
zircon Hattero, Chanteloube (near Limoges), ncar Dresden, Rosen 
dal, Finland, Miask 


643 Evucrasirr 


Right prismatic (*) 
Blackish brown , streak brown 


/ fa Tarr nam nl aw 


H =45to5, G =439 Lustre greasy 
Translucent on edges Fracture 


semaeran honétla alina 18 ¢hamea RA namnm 


wawwesew wwe 


near Brevig 

644 Tuorir, ThSi+2# 

Pyramidal oP P183°30 Generally masmve H =45 
to5. G=—5to54 Lustre brillant vitrcous, when weathered 


resinous Fracture conchoidal when fresh, splin when 
weathered Brownish black to clove brown Cc rp ex, but 
cesentially 18 silica, 78 thoria, 9 water In syenite at Lochan 


MINERALOGY 


Hacon, and 1n a boulder on Ben Bhieck in Sutherland, 1m crystals 
(fig 585), Lowo near Brevig, Nor 

way Uranothorite, from Arendal 

has 50 per cent thoria and 10 uranous 

oxide , found also at Hittero and at 

Champlam (U § ) f 


645 Oravenz, 3ThSi+2H 


Massive Gey yellow te cinni f 
mon red Other characters like tho 
mite Cc 17 silica, 75 thoua 7 
water Ben Bhreck, Langesund near 
Brevig The mineral fiom Ben Bhreck 
passes gradually to thorite, which | 
thus would appear to be altered 
orangite 


646 TRITOMITE, #,S1;+ 4 
Cubic In tetiahcdra H =55, 
G=39 to 466 Lustre vitieous 
Dull brown, streak yellowish grey 
Subtianslucent Cc complex silica Fig 585 (sp 644) 
21, alumina 2 5, ceria 40, lanthami1’ yttria 4 6, lime 4 water 8 
Lamo near Brevig 





MAGNLSIAN SILICATES 


647 AGALMATOLITE (Figure Stone), 4A]: +K51,+ 38H 

Massive or slaty Fracture splintery, rather sectile H =2 to 
3,G =28t029 Translucnt glimmeiung Green ney, red, and 
yellow Feels somewhat greasy, but does not adhere to the tongue 
Sol ms aud Ce 50 silica, 33 aluinim, 7 6 potish and 5 water, 
but 1m many localities magnesian Calligaig in Sutherland China, 
where 1t 15 cut into vaiious works of art, also Nagyag in Hungary, 
and Saxony 


648 Oncosin, 2A]$1,4 (K Mg 51 +2H 
Fracture uneven o: splintery sectile H =2,G=28 Trans 


lucent, shhtly 1csinous = Apple green or brown Sol ins notin 
h acid Salzburg 


649 LILBENEPITE 

Hexagonal oP, OP Cl prismatic, perfect , fracture hachly 
H =35, G@=28 Oujl green, bluish grven, and greenish grey 
Greasy lustie Ce silica 447, alumini 80 5, potash 9 9, water 
55 Monte V.csena near Forno, Piedazzo in Tyrol 


650 GIESEChITE 
Hexagonal oP, 0P Fiactumesplintery H =3t035,G =27 
to29 hangerdluarsuk in Greenland, Diana in New Youh 


601 Krnurinite, 2418: + RS, + 3H 

Crystasline, fohated Cl along a prism of 135° 44 G =2 65 
Greenish grey, yellow, or brownish gieen Ce 48 silica, 31 alumina, 
23 protoxide of 1ron, 6 5 potash, 10 water ualliney near Dublin 


652 HycrotHILITI 
Scaly H =2to25,G=27 Greenish grey Lustre and feel 


greasy Cec silica 48 4, alumina 321, protoxide of iron 3 3, 
potash 57, water9 Solinh acid Hulle on the Saale 


653 BRAVAISITL, R $ig+ 24181, + 4H 

Aggregates of thin plates H =1to2,G =26 Ce _ silica 51 4, 
alumina 18 9, peroxide of iron 4, magnesia 3 3, potash 6 5, water 
183 Noyant in Aller 


654 PINITOID 

Massive Leek and oil green H=25 G=28 Cc 
48 5, alumina 28, yotoxide of on 8, potash 5 8, water 4 o 
berg and Chemnitz in Saxony 

655 Bois 

Earthy, in nestsand veins Conchoidal H =1to2, G =22 to 
25 Opaque, dull resinous, streak shining Bhown, yellow, or 
red Feels greasy, some adhere strongly to the tongue, others not 
atall In water crackles and falls to pieces Cc hydrous silicates 
of alumin: and iron peroxide, in various proportions Scotland, 
Ircland, Disnsfeld, Cleamont in Auvergne Stolpenite, Rock Soap, 
Plinthite, Yellow Earth o1 Felunite, Fetbol, and Ochran are varicties 


656 CarrHo.its, AlSi+ MnSi +23 

Right pnsmatic P111°27’ Radiating stellated H —5to5 5, 
G@ =29 Translucent, silky, stiaw to wax yellow BB intumesces 
and fuses to an opaque brown glass Cc _ silica 88, alumina 29 4, 
protoxide of iron 2 9, oe of iron 4, protoxide of manganese 
11 8, water 108 Schlaggenwald, Wippra in the Harz, Meuville 
mm the Ardennes 


657 NoNTRONITE, FeS:, + 54 
Massive, fracture uneven H =2 to8,G =2to23 Opaque, 


dall or glimmering, streak resinous Straw yellow or siskin green. 
BB decrepitates, becomes black and magnetic, but without fusing, 


silica 
Frei 
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sol and gelatimizes mwarmacids Cc 48silica, 36 iron peroxide 
and 21 water, with 35 alumina and 2 magnesia Nontron m 
France, Har, and Bavana Chloropal 1s sumular BB brown 
Unghvar in Hungary, and Passau 


658 PINGUITE 

Massive, fiacture splintery, sectle H =1,G=23 Light to 
dark green Lustrevitreous Feels greasy Cc silica 36 9, per 
oxide of iron 29 5, protoxide of iron 6 1, water 25.1 Wolkenstem 
Suhl 


659 Histnerritr, Fe,Si,+ 2FeSi + 9H 

Reniform, andincrusts H =35to4, G =26 to8 os 
resinous Brownish o: bluish black, streak iver brown or yellowish 
brown Cc various, but 325 silica, 335 iron peroxide, 151 
iron protoxide, and 19 water, in the Thraulite from Bodenmais 
Also Gilling and Riddarhyttan in Sweden, and Breitenbrunn 
(Polyhydrate) 

660 BERGHOIZ 

Fine fibrous glimmering Justie Wood brown to green G =24 


Ce silica 55 5, peroxide of iron 19 5, magnesia 15, woter 10 3 
Sterzing in Tyrol Xylote, probably from the Urals, 1s similar 


661 UMBLRE 

Massive, fracture conchoi\dal H =15, G =22 Luver brown, 
streak shining Muxtures of peroxide of iron, oxide of manganese, 
and alumini with water Cyprus Hypoxanthite and Siderosil 
cite are similar 


662 K.rpsTEINITE, (R, R,) Sis +R Hs 

Compact H =5 to55,G =35 Liver brown to black , streak 
yellow brown Cc _ silicy 25, peroxide of iron 4, sesquioxide of 
manganese 57, water 9 khlapperud in Dalecarlia, Herborn near 
Dillenburg 


663 WOLKONSKOITE 
Amoiphous Horny, bluish green tograss green Fracture con 


choidal, brittle Cc silica 36 alumina 3, sesquioxide of chromium 
19, ferric oxide 10, water 21 Okhansk in Siberia 


664 Rottisire, 3Nibi+ 4 


a ae and reniform Apple green toemerald green H =2 
to25, G =2 30 to2 37, Ce silica 43 7, mehel oxide 80 9 water 
112 Rottis nea: Reichenbach in Saxony 


665 URaNopHANE 3Cas1+¥%,Si,+ 18H 


Right pismatic oP 146° oPo, Po, with pola: angle 90° 
Crystals honey yellow, when massive leek green H =25 G = 
26to28 Cc _ silica 17 alumina 61, oxide of uranium 53 3, 
hme 51, water151 Kupfcrberg in Silesia 


666 URANOTILE, CaSi+,S1, + 9H 

Right prismatic oP 164 Instellate groups Lemon yellow 
G=396 Ce _ silica 13 8, oxide of uranium 66 75, lime 5 27 
water 1267 Wolsendorf in Bavaria, Joachimsthal, Mitchel county 
in North Carolina 


667 BISMUTOFEPRITE, Bi, Sig, + 2¥Fe,S81 
Cry pto crystalline , oblique prismatic 
H=-35 G =448 Cc silica 24, oxde of bismuth 42 8, perouda 
ofiron 331 Schneeberg in Saxony Hypochlorite 1s a vanety 
containing 13 of bismuth In a third variety, from Braunsdorf 
antimony replaces bismuth 


Komari 15 similar. 


Sishin- to olive green 


SILICAILS WITH TITANATES, NIOBATES, &c 

668 SpuENE, CaSi,+CaTi, 

Oblique prismatic, C 85° 22’ oP (2) 133°2’, $P°c (xr) Bo° 
21 , Peso (y) 34°21 , wPte (g) OP (Pore) 90°, mP°3( 1) 76°7 , 
Pee (r) 113° 80 , $P°2 (m) 136° 12 , 4Ped (s) 67° 57 Crystals 
vary extremely in form, being generally appar 
ently oblique tabular, from predominance of 
m, which are hemidomes 1m alternate position 
on opposite ends, also, 
but more rarely, pris 
matic, with dominance 
of? and Jf Twins fre 
quent Twin face c, 
and formed by revolution 
either (a) on an axis nor 
mal to c or (5) ona vertical 
avis, the former very 
common and usually pro- 
ducing thin tables with 
@ ve entering angle along 
one side, and sometimes 
elongated Occasionally 
in double twins Some- 





Rig 586. Fig 587. 


times granular or foliated Cl mm some (J), in others (r) 
to55,G=84to36 Semitransparent , adamantine or resinous. 


XVI. — 54 


H =5 
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Yellow, brown, and green BB fuses with mucro salt in the red 
flame, gives reaction for titanicacid Cc silica 80 6, titamie acid 
40 8, lime 286 In Scotland, ty pical of syenites and primary lime- 
stones In minute hair brown crystals in the first, as at Laing 
(Sutherland), Achavarasdale (Caithness), and Criffel (Kirkcu 





Fig 589 


bright) (figs 586 to 588) In the latter often in highly complex 
twins, yellow to biown, at Shinness (figs 193, 589), Urquhait, 
Dalnain, Torbane, &c , also with ilmenite and allanite in exfiltra 
tion veins of grey granite Dauphine, Mont Blanc, St Gotthard, 
Tyrol, Arendal, Amenca Greenovite, flesh red from Glen Gairn 
in Aberdeenshue (like 194), and St Marcel in Piedmont, contains 
manganese at the latter locality 


669 KEILHALITE (Vétrotutanite), 5(CaY) (Sili) + (Ale) (SiTi), 

Obliyue prismatic, C 58° @P 114 Cl -2P, 138° H =6 to 
7 G=85to37  Blackish brown, streak greyish yellow BB 
with bo14x forms blood red glass 1n the red flame, other features 
like sphenr (Cc 297 silica, 28 7 titanic acid, 211 lime, 10 8 
yttria, 6 2 alumina, and 6 5 iron peroxide Near Arendal 


6/0 Scho! LOMITE (Fer otvtanite), Cr,81 + Fe,Si, + CaT1, 

Cubic, 0 and 202, geneially massive, fracture conchordal 
H =7to7»,G =38 Biak streak grey black vitreous Cc 
silica 26, titanic wid 23 3, peroxide of 1ron 20, lime 294 Arkansas, 
Kaiseistuhl, lvaaia in Finland Perhaps a titaniferous gainet 


Fig 588 


671 TsCHEWKINITE 

Massive , fracture flat conchoidal H =—5 to 55, G =45 
Opaque, vitreous, splendent Velvet black, streak dark brown 
BB intumesces gieatly, becomes porous and 
often incindesces , 1u white heat fuses to black A 
glass gelatimizes withh aid Ce 21 silica, \ 
20 titanic acid, 11 1ron protoxide 45 peroxides 
of cerrum metals with perhaps thoia, lime 4 a 
Miask, Coromandel 

672 Mosa\DI ITE 

Oblique prismatic, C 71° 244 oP (t) 88° 
86’, wP°2 (n) wP®o (a) -P (e) 124° 1, 

Pc (g) wP’o ¢ a 184°18 n a@ 152° 
52, q «@188°2 Twin face the o:thopimacoid 
Generally massiv3 Fracture uneven Hi =4, 
G=293to3 Yellowish or reddish brown, 
stieak pale green Vitreous to resinous lustre 
Ce silica 29 9, titanic ad 9 9 oxide of cerum 
metals 265 lime 19, water 89 Brevig and 
Langesundfiord 


673 ELDIALITE (Eukolite) 6RSL+hZr 
Rhombohedril RB 73°10 Rip) OR(a,), oP2 (d,), #R (ay), 
$P2 


Fig 590 (sp 672) 


also oR, §R -4R -2R -4R RB 2 
(fig 591) Generally massive, granular 
Cl a, and @,, fracture uneven H =5 
to55, G =284to295 Peachblossom 
red to brownish red , streak white Trans y 
lucent, vitreous. BB fuses easily to a 
light green opaque glass , gelatinizes in 
h acd Ce silva 50, zirconia 16 9, 
wotoxide of iron 7, lime 11, soda 12 

angerdluarsuk in Greenland, Sedlova 
to. Island in White Sea, Brevig (Euko 
lite), Magnet Cove in Arkansas 


674 CATAPLEITE 2(Na,Ca)(SiZr), + 9H 

ore ; ta 43 OP, oP, P, 
also with 2P, and}$P Inlamellar a 
gates Ol prismatic and P, factire Fig 591 (sp 678) 
uneven H =6,G=28 Yellowish Lrown to pale green , streak 
yellow, lustrous Cc silica 467, urconia 29 6, soda 10 8, water 
9 Brevig 


675 CERSTEDITE 


Pyramidal F 84° 25' P,@P, Po Like zircon H =5 
U =3 68 Lustre adamantine Reddish brown Cc _ silica 19 
titanate of arconia 68 96, water56 Arendal 





5, 
7; 


MINERALOGY 


676 Woutenite, 9RS1+3RZr+RNb 

Oblique prismatic, C 70° 45 oP 90°14, 
—P*a 43° 18’ OP wP% 109° 
15, -—P®°a owP’o 186° 42, 
OP oP 103° 31’ Crystals tabu- 
lar and prismatic Cl clinodia- 
gonal, fracture conchoidal H =5 
to6,G@ =34 Light yellow, honey 
yellow to brownish grey streak 
yellowish white Cc _ silica 28, 
zirconia 19, niobic acid 18 9, lime 
27 8, soda 8 3, protoxide of iron 
3 BB fuses to yellowish glass 
Sol in h acid gesundhord, 
Brevig 


677 ARDENNITE 
Right prismatic oP 181° 2', Po 119°24 , P3, wPe, oP2, 


Crystals ]ike ilvanite Cl brachydiagonal, and 
oP H =6to7, G =362 Yellow to yellow brown Dhchroic, 
brittle Cc silica 27 8, alumina 24, protoxide of manganese 26 7, 
lime 2 2, magnesia 4 3, vanadic rc1d 8 2, aisenic acid 6 8, water 5 
Ottrez in the Ardennes (Luxemburg) 


678 RoscoFLitTE 

Foliated masses, sometimes stellated H =—1, G =23 to 29 
Dark green to greemsh blue Peaily lustre Cec _ silica 47 7, 
vanadie acid 22 alumina 141, magnesia 2, potash 7 6, water 5 
Eldorado 1u Cahfornia 


oP? 127' 





Fig 592 


aPeo , oo Poo 


TITANATES WITH NIOBATES 
679 TITANOMORPHITF, CaT1 
Oblique pmsmatic Like sphene oP, OP 4P%o, Po, 


#1°2 Ce tatame acid 74 3, hme 253 Lampersdorf in Silesia, 
W ustritz 


680 PerovsnitTE, Cali 

Right prismatic In complicated twins, often distorted, pseudo 
cubic H =55 G =4to41 Lustremetallic 
adamantine Pale yellow, reddish brown to 
iron black , streak grey Cc 6588 titanic 4 
acid, 41 2lime BB with micro salt mm outer 
flame gives a bead greenish while hot, colour 
less on cooling, in mner flame grey gieen 
when hot, violet bluewhen cold Decomposed 
by boiling s acid Zlatoust S helingen Zer 
matt, Malenco Valley near Sondiio, Phtsch 
in Tyrol, Magnet Cove in Arkansas 


681 hopritr, R,Nb, 

Cubic “O00 G=445to4.6 Brown Transparent Cc 
niobic acid 62 46, oxide of cerium 6 7, oxide of lanthanum 3 
Schelingen on the Kaiserstuhl in baden 


682 ANNEPUDITE, 2R-Nb+ SH 

Right pnsmatic H=6 G57 Metallic to greasy Black 
Streak blach, brown, gieenish grey ‘Translucent in splinters, 
brittle Cc 48miobic acid with zirconia, thona, cena, yttnia, 
and uranium oxide Anneiod near Moss (Norway) 


683 DysAnNALYTE, 6RT1+ RNb 

Cubics Oc Cl cubic G=413 Black Cc titanic acid 
41 5, niobic acid 23 2, cerrum oxide 57 lime 19 8, protoxide of 
non § 8, soda 36 Vogtsbuig on the h uxrstuhl 


684 PyrocHLorE, 5RNb+41(lilh) +4NaF 

Cubic (fig 594) Cl octahedral, brittle , fracture conchoidal. 
H =5, G =42to44 Resinous, 
opaque Red brownto black, raby 
red and transparent rarely, streak 
pale brown Cc _ nmuiobic acid 
63 2, titanic acid 10 5, thoria 7 6, 
cerium oxide 7, lime 14 2, soda 
6, fluorine 81 Mask, Kaiser 
stuhl, Brevig, and Fiedenksvarn 
Mvcroiite, from Chesterfield in 
Massachusetts has tantalic acid 
68 4, mobic acid 7 75 117 lime 
and 77 protoxide of manganese 
Pyrrhite from Mursinsk in the 
Urals, San Piero in Elba, and the 
Azores may be the same, at the 
last locality 1t 18 1n orange red 
octahcdra, and 1s a niobate of zirconia 


685 BiomsizanpiTe, (Ca,kc), Ti+ UNb, +3. 
Massive. H=55 G=417to425 Vitreous, black. Streak 





Fig 598 





MINERALOGY 


brown Translucent in splinters Cc mobic acid 49 8, titanic 


acid 107, uramum oxide 23 7, protoxide of iron 3 3, lime 8 5, 
water79 Noh] (Sweden) 


686 Potycrase, 4RT1+ RNb 
Right prismatic (fig 595) 


(140°), P, 2Pco (56°) Fracture conchoidal 
H =5to6,G=51 Black, streak grey- 
brown. BB decrepitates violently, incan- 
descing, but does not fuse 1 ms acid 
Ce titanic acid 26 6, niobic acid 20 4, yttna 
23 3, erbia 7 5, oxide of uranium 7 7, water 
4  Hhittero (Norway), Slettakra in Jonkop- 
ing (Sweden) 


687 EvxEnite, 2RT1+RNb+H 

Right prismatic (fig 596) oP (m) 140°, 
Poo (b), 2Pco (d) 52°, P (p) 102° 58’ 
p 6103°6 Fractureconchoidal (paque, 
metallic to vitreous Black and brownish 
black, streak red brown BB infusble Not 
acted on by acids Ce miobie acd 32, 
titanic acid 19 2, uranium oxide 19 5, yttna 
182, cerum oxide 28, but vanable 
Jolster, Tromo, Alvo, & , im Norway, also 
Hittero and Cape Lindesnaes 

688 AscHYNITE Fig 596 

Right prismatic oP (Mf) 128° 34’, 2B co (y) 73° 16 , P(o 0) 
187° 14, P38 69° 23, Po, oP stals long prismatic 
597) Cl traces , fracture ee al : tig 
H =5t055,G =49to51 Opaque, submetallic 
or resinous Iron black or brown, streak yellow- 
ish brown BB _ swells and becomes yellow or 
brown, but 1s infustble Not sol mh acid, 
partially in s acid Cc mobic and tantalic acids 
28 8, titanic acid 22 6, thorium oxide 15 7, cerum 


protoxide 18 5, lanthanum oxide and didymium 
oxide 56 Mhask, Hittero 


689 POoLYMIGNITE 
Right pnismatic 


id 


obo, oP 





P (p) polar 186° 28 and 116° 
22’, wP 109° 46, wPo, 


oPeo (fig 598) Cl macro- 
and biachydiagonal, umper 
fect , fracture conchoida 
47 to 48 ue, semimeiallic Iron 
black , streak dark brown BB infusible 
Sol mh acid Ce tatame aud 46 3, zm 
coma 14 1, yttriall 5, lime 4 1, 1ron peroxide 
12 2, cerlum ox 

ide 5 Frederks 


Fig 597 
(sp 688) 


H=65,G= 


varn é 
am 690 MENGITE, 
(Be, Zr) Tr 
Fig 598 (sp 689) Right prisma ™ 


tic P(e) polar angle 151° 27’ and 101° 


10, oP 136°20, 18, oPs (fig 599) 
Fracture uneven, H =5t055, G = 


ae mane ‘ Mere geome Iron- 
black , streak chestnut brown BB 
infusible, but becomes magnetic Sol Fig 599 (sp 690) 


ms acid Mask, Groix island m Morbihan 

691 TANTALITE, Fe (Fa, Nb) 

Right prismatic P (p) with polar edges 126° and 112° 30’, 
middle 91° 42 PZ (r) 122°58 awPo (8), 
coPa (t), Poo (m) 118° 48, 8Pa (g) 54° 
10’, $Pco (nm) 167° 36’, 3P% (v), 2P2 (0) 


Fracture conchoidal or uneven H <6 to 
65,G=-61 to 8 Opaque, semmetallic, 
adamantine, or resinous Iron black, streak 
cinnamon- or coffee-brown BB infusible, 
scarcely affected by acids Cec 76 to 50 tan- 
talic acid, 7 5 to 29 mobic acid, 9 to 16 iron 
protoxide, and 1 to 6 manganese protoxide, some with 1 to 10 tm 
oxide (Casstterotantalite), also in union with iron (manganese) 
protoxide Kimito and Tammela m Finland, Broddbo and Finbo 
near Falun, and Chanteloube near Limoges , always in granite 


692 TaproLitz, 4Fefa+FeNb. 
Pyramidal. P middle angle 84°52’, summit 123°’ H.=6,G = 





Fig 600 


427 
72t075 Black Lustrous Cec tantalic acid 78°90, mobic acid 
11 2, protoxide of ron 15 ‘ammela in Finland. 


693 CoLUMBITE, mFeNb+nFeFa 

Right prismatic P (u) polar angles 104° 10’ and 151°, middle 
angle 83° 8’, OP (c), mPa (b), mPa (a), oP (g) 135° 40’, 
oPo (m) 101° 26’, 2P (s), 8P8 (0), 3P% (w), $Poo (7) 161°, 


Peo (k) 148°, 2Poo (h) 112° 26", Boo (2) 101° 12’, 2Pa (¢) 68° 40° 
Hemitropes, face ¢, vertical axes forming an angle of 62° 40’ , also 
on faces 2P2(n), and rarely 6 Also granular and foliated Cl. 
Ines daagont Poteet. also macrodiagonal H =6, G =5 4 to 
64 Metallic, adamantme Iron black to brownish , streak black 





Fig 603 


hig 601 Fig 602 


o: reddish brown BB infumble not affected by acids Ce 
isomorphic mixtures of niobic and tantalic acids with protoxide of 
iron (or manganese) Pure colurabite would give 78 8 miobic acid, 
pure tantalite 86 tantalic acid Ihe mobic acid generally prevails, 
and the crystals are better formed the more this 18 the case 
Rabenstein, Bodenmais, Chanteloube Finland, Ilmen Hulls, 
Evigtok in Greenland, Haddam and Middletown in Connecticut, 
Acworth in New Hampshire, Pikes Peak 1n Colorado 


694 YTiROTANTALITE, (Y, Ca, Fe U) (Fa, W, Nb) 
In two varieties (a) Black Right piismatic in short pris 


matic or tabular crystals Po, oP (m)121°48 OP 2B 


103° 26’, Po OP 131° 26,2 1 149° ga 


42! (fig 604), also in grams and lamelle 
Cl brachydiagonal, indistinct, fracture 
conchoidal or uneven Opaque, or in thin 
splinters translucent Velvet black, sem1 
metallic lustre, ind greenish grey streak 
H=55, G=o4to 57 (6) Yellow 
Amoiphous, yellowish brown, or yellow, 
often striped or spotted , resinous or vitre 
ous, streak white G =5 46 to 5 88 
Both vaneties B B infusible, but become Fir 604 
brown or yellow Not affected by acids 8 

Cc 57 to 60 tantalic acid, 1 to 8 tungstic acid, 0 to 20 mobic 


acid, 20 to 38 yttna, 05 to6 hme, 05 to 6 uranium peroxide, 
and 05 to351ron peroxide Ytterby, and near Falun 

695 Ferausonits, (Y, Lr, Ce),(Nb Fa) 

Pyramidal and hemhednic , P (s) 128° 28’ Usual form (4) 3P§ 
(2) P, gooP% (gq), OP (c) (hg 605) s s 100° faa 
54, ¢ c 115° 16, z r 169° 17 Cl _ traces 
along P, fractwe imperfect conchoidal , brittle 
H =55 to 6,G=56 to 59 Translucent 
im thin splinters, semimetallic § Brownish 
black , streak pale brown BB een 
Ce chiefly mobic acid and yttria, with e1bia, 4 
also a hittle cerium protoxide, tim oxide, ura | 
nium oxide, and iron protoxide Cape Fare 
well mm Grecnland, Ytterby, Ruesengebirge, 

Rockport in Massachusetts T'yrite, from Helle 
near Arendal, 1s similar 

696 HsELWITE 

Massive, with granular fracture and traces Fig 605. 
of crystals H =5, G@=582 Velvet black, streak greyish 
black Lustre metallic Cec tantalic acid 62 4, tin 6 6, uranium 
49, protoxide of iron 81, yttna 52 BB infumble In closed 
tube decrepitates and yields water Karaitvet near Falun 

697 SamansxiTe (Uranotantalie), (R;, 3, R#),(NbPa), 

Right pmsmatic oP 122° 46’, wP2 95°, Po 98°, P, wPo, 
oPeo , 8Pz also in grams Fracture conchoidal, brittle H = 
556, G=56 to 576 Opaque, strong semimetallic Velvet- 
black , streak dark reddish brown BB fuses on the edges toa 
black glass. In the closed tube decrepitates, yields water, incan- 
desces, and becomes brown Sol in hb acid to a greemah fiud, 


425 


Ce 372mobic acid 18 6 tantalic acid, 12 iron protoxide 14 to 
20 uranium oxide 6 thoum oxide 4 zucoma, and 16 yttrn with 
hme and magnesia Mnsk, Mitchell county m North Carolina 


Lhe kitrowmeniue of Hurmann 


698 NonuiL hjb 

Massive H=40t>5, G=504 Black biown 5} Iintery. 
Brittle Gpaquc vitreous Nuobic acid 50 4, uranium oxide 14 4 
zirconia 3 ferrous oxide 8 yttia 14 4, lime 47, water 46 Nok 
neal Longelf (Sweden) 


699 HaIcHLTIOLITI 

Cubii O oOo Yellowish biown Resinous lustice Frac. 
tue conchoadid H =5,G=48to 49 Ce _ nuiobic acid 34 3 
tantalic acid 29 8, uranium oxide 15 5, hme 89 watcr45 North 
Crrolina 


ANTIMONIAILS 


700 R Muriz, CagSbisb 

Pyramidal P110°50 Scratchesglass G =47 fed 
o hyacinthind Bb fuses to a blackish slag Sol in acids 
Ce 41 antimonic acid, 37 3 antimony oxide, and 21 4 lime, bu: 
with 2 to 8 manganese and uon protoxide St Marcel in Piedmont 

Schneeberjite from Ty10], mi be an impure variety 


701 BIriNinE, 1! (sb, Sb) +# 


Rentform ind masse H =4,G =39 to 48 ‘Translucent, 
resinous to earthy Coloutless, yellow, brown, and grey BB 
reducc 1 on charcoal Ce oxide of lead 41 to 62, antimomious 
acid 82 tu 47 water 6to12 Lostwithiel, Horhausen, Neitchinsh 


702 Napoirr Phsb+ PbCl 

Ri,ht pusinitu oP 132° 51 Crystals tabular Cl macro 
diayonal H =3,G=7 Yellowishorgrejyish biown Resinous 
to adamantine tianslucent Cc lead 522, antimony 30 8, 
oxygen 8, chlorine 9 Constantine (Algeria) 


703 Rivorirt 


Massive Yellowish to gieyish gieen Opaque, fracture un 
even, butth H=35 to 4,G@=36 (Ce ‘oxide of copper 
39 5, oxide of silver 1 2, antimome acid 42, carbon acid 21 
Steir del Cadi in the province of Lenda Thiombolite from Rez 
banya, Hungary may be a hydrated variety 


704 Mutu, Al(C, O,)+ 18H 


Pyramidal P 93° 5 OP Po md wPo Cl P, fracture 
conchoidal buttle H=2to20 G=15to I= 
16 Transparent doubly refractive, vitte Ye Z 
ous Honey yellow or reddish, streak white ©? 1. 
In closed tube j2elds water BB chars with 
ont odour Burns white and acts hike alumina 
Sol in n acid or potash Cec alumina 14 4 
mellic acid 403 water 453 In hiygnite at Fig 606 
Artern in Lhuringia and Luschitz in Bohemia, Walchow ~ 
Moravia (cictaccous 1m coal at Malovha in Tula 


705 OxXALITE, 2kc6,+ 3H 


Cagillary crystils, also botryoidiul or compact fruture uneven, 
sectile H=2 G=22 Opaque, resinoustodull Straw yellow 
BB turns blach then red Sol to ycllow solutioninacids Ce 
421 uon protoaide, 421 oxalic acid, 15 8 water In lhgnite at 
holosoruh near Bilin, Duisburg, and Gross Almerode in Hesse 


706 WHEWELLITE, Ca6 +H 


Oblique fan C 72°41 oP 10u°36 C1 basal, perfect, 
brittle =25 to 28, G=1838 Transparent to opaque, 
vitreous Colourless Cc 4931 oxalic acid, 38 36 lime, 12 33 


water 


Hungary 


THE MINERAL RESINS 


Many of these are only vegetable resins shghtly altered Naphtha 
1s flud , the others solid, with H =1to2or25 Most are amor- 
phous, a few crystalline and monochme G=06to16 Mostly 
resinous , colourless, or coloured brown, yellow, or red, with paler 
streak ol im acids alcohol, ether, and ols Melt readily, and 
burn with flame and smoke 


707 Narurua, Prirotetm CH, 
Tiguid Colourless, yellow, or brown 
cent G 
aromatic bituminous odour 
hydrogen Varieties are— 
Naphtha —Very fluid, transparent, and hight yellow Tegern 
Take in Bavaria, Amiano near Parma, Sahes in the Pyrenees, 
Rangoon, Baku on th Caspian Sea, China, Persta, and North 
America. Used for burning, and in prepanng varnishes 
Betrolewmn —Darker in or blackish brown, less fluid or 
volatile §=Ormekirk m Lancashire, Coalbrookdale Pitchford, and 


Transparent or translu 
=07 to 09 Volatihzes in the atmosphere with an 
Ce o4to 88 carb n, and 12 to 16 


MINERALOGY 


Madcley in Shropshue , St Catherine’s Well, south of Edinburgh ; 
Mainland of Orkney , and many other parts of Lurope 


708 ELA1ERITE (Elastic Bitumen, Mineral Caoutchouc), CH, 

Compact , 1eniform or fungoid , elastic and flexible ike caout- 
houe, very soft G=08to0123 Resmous Blackish, reddish, 
1 yellowish brown Strong bituminous odour Cc 84 to 86 
carbon, 12 to 14 hydrogen, and a hittle oxygen Deibyshire 
Montrelais ncar Nantes, and Woodbury mn Connecticut 


709 ASPHALTUM, BITUMEN 

Compact and disseminated , fracture conchoidal, sometimes 
vesicular, sectile H =-2,G@=11 to 12 Opaque, resinous, 
and yitch blach, strong bituminous odour, aspioiaily when rubbed 
‘lahes fire easily, and burns with a bight flame and thick smoke 
Sol im ether, except a small remainder, which 1s dissolved 1n oil 
of tupentine Cec 76 to 88 caibon, 2 to 10 oxygen, 6 to 10 
hydiogen, and 1 to 3 mtrogen Limmer near Hanover, Seyssel on 
the Rhone, Val Tiavers m Neufchatcl, Lobsann in Alsace, 1n the 
Harz, Dead Sea, Persia, and Irimidad , Coinwall, Haughmond Hill 
(Shropshire), East and West Lothiins, Ll and Burntisland (Fife) 


710 ALBLETITE 

Massive Velvet blach Adamantine lustre, bnittle Cec 
carbon 86, hydiogen 9, nitrogen 29, oxygen 2 Hoy, Orkney , 
Stiathpeffer Ross , Hillsborough, New Brunswick 

711) PiavzitL 

Massive , imperfect conchoidal, sectile H =15, G =1 22 
Dimly tianslucent on very thin edges , resinous Blackish brown , 
streak yellowish brown Fuses at 600° Fahr , and burns with an 
uomatic odout, lively flame, and dense smoke Sol 1m ether and 
caustic yotash Piauze neat Rudolfswerth in Carniola 


712 IxoLyin 

Massive, conchoidal fracture H =7, G=1008 Resinous 
Hyacinth red , streak ochre yellow Rubbed between the fingers 
it emits an aromatic odou , becomes soft at 119°, but is still 
viscid at 212° Oberhart nea: Gloggnitz in Austria 

713 AMBER (Sucernete), Cyp>H,O 

Round inegular lumps grains ot “oor Fracture perfect con 
choidal, shghtly brittle H =2to20,G=1tol1 Tiansparent 
to translucent 01 almost opaque, resmous Honey yellow, hyacinth 
1ed, brown, yellowish white, also streaked or spotted When 
1ubbed emits an agreeable odour, and becomes negatively electric 
It melts at 550°, emitting water, an empyrcumatic oil, and succinic 
acid , 1t burns with a bright flame and pleasant odour, leaving a 
ca1bonaceous remainder, only a smal] partis soluble in alcohol 
Cc 79 carbon, 10 5 hydrogen, and 10 5 oxygen Dutived chiefly 
from an extinct coniferous tiee (Punites succwnifer) and found 
in the Tertiary and diluyzal formations of many countrics, especially 
northern Germany and shores of the Baltic, Siuly, Spain, and 
northern Italy rarely mm Britain (on the shores of Fife, Norfolk, 
Suffolh, and Ksse,, and 1t Kensington, 1ea: London) Used for 
wnamental purposes, and for prepaimg succinic acid and yar- 
ushes Krantzite, from Nienburg 1s essentially the same 

714 REerinirE (Retinasphalt) 

Roundish or inegular lumps, fracture uncyen or conchoidal , 
erv easily frangible H =-15 to 2,G=105 to115 ‘Trans 
lucent or opaque , resinous or pies Yellow orbiown Melts 
at a low heat, and burns with an aromatic or bitumimous odour 
Ce im general carbon, hydrogen, and oxygen, in very un- 
certam amount Bovey, Halle, Cape Sable, and Osnabruck 
Pyroretuntte from Aussig in Bohemia 13 similar 

715 Warcuowrre, C,,H,O 

Rounded pieces, with a conchoidal fracture H =15 to 2, 
3 =1 035 to 1069 ‘Translucent, resinous ellow with brown 
itripes, and a yellowish white streak It fuses at 482°, and burns 
veadily Soluble partially (7 5 perecnt )in cther , 1n 8 acid forms 
. dark brown solution Cec 804 carbon, 107 hydiogon, and 
'9 oxygen Walchow in Moravia 


716 CoPALINE (Fossil Copal, Highgate Resin), CyoHs,0 
Irregularfragments H =15,G =1046 Translucent, resinous, 
nuros with light yellow flame and much smoke, alcohol dissolves 
little of it, becomes black nm sulphunc acid Cc 85 54 carbon, 
11 63 hydrogen, 2 76 oxygen ighgate near London A similat 
esin from Settling Stones mine in Northumberland, found 1n flat 
lrops or crusts on calc spar, 1» infusible at 500° Fahr , G =1 16 to 
54, 1t contains 85 13 carbon, 10 85 hydrogen, and 3 26 ashes 


717 BERENGELITE, C,)H,,0, 

Amorphous, conchoidal fracture Dark brown, inclining te 
green, yellow streak Rxsinous, unpleasant odour, and bitter 
‘aste below 212°, and continues soft afterwards at ordinary 
emperatures, easily soluble in alcohol Cec 72 40 carbon, 9 23 
iydiogen, 18 81 oxygen San Juan de Bcrengela in Peru. 


718 GUAYAQUILLITE, Cy oH,.0; 
Amorphous , yielding easily to the knife, and very fable, G. 
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=1092 Pale yellow Shghtly resinous Fluid ot 212°, viscid 
when cold, ayer soluble in water, and largely in alcohol, forming 
a yellow fluid with a bitter taste Cc 77 01 carbon, 8 18 hydro 
gen, and 14 80 oxygen Guayaquil in South America 

Bogbutter, from the Tish peat mosses, 1s similar, it melts at 
124°, 18 easily soluble in aleohol, and contains 78 70 carbon, 12 50 
hydiogen, and 13 72 oxygen 


719 HARtINE, CoyHay +t 

Round masses or thin layers Brittle, but ewily cut with a 
knife G16 Resnous Reddish brown by reflected and deep 
red by transmitted light, streak hight biown Bccomes black on 
exposure Cc 86 43 carbon, 8 01 hydrogen, 556 oxygen In 
the main coal seam at Middleton near Leeds, and at Newcastle 


720 Ozocrrits (Natiwe Paraffin), CH 
Amorphous sometimes fibrous Very soft pliable, and easily 
fashioned with the fingers G =~094 to 097 Glimmeing or 
glistening, semitranslucent Yellowish brown or hy.cinthied by 
transmitted, dark leek green by reflected hight Strong paraffin 
or aromatic odour, fuses easily to a clear oily fiul, at higher 
temperature buins with a clear flime, seldom leaving any ashes 
readily soluble in oil of turpentine, with gicat difficulty in alcohol 
or ether Cc 857 carbon, and 143 hylogen Binny (Linlith 
ow), and Edinburgh , Slamk and Zictiiskha in Moldavia, near 
arming in Austria, and Boku, also 1t Lrpeth coil mme near 
Newcastle on Tyne Pyropissite may be a vaniety 


721 HATCHETTINE (Jfeneral Tallow) 

Flaky, like spermacet: or subgranular, hke beeswax soft and 
flexible G=06 Translucent weih pealy Yellowish white 
wax yellow, or greenish yellow Greasy mnodorous readily soluble 
inether Ce 85 91 carlon, 14 62 hydrogen, 01 similar to ovocenite 
Loch Fyne (fusible at 115°), Merthyr 1ydvil, Schaumburg 


(22 FICHTELITE, C,H;. 

Crystalline (oblique prismatic) lamelle, which swim in water 
but sink in alcohol White indyjeaily Fuse at 114°, but a, 
become crystalline on cooling Very e2ly soluble in ethe1, and pre 
eipitated by alcohol Cc 88 9cnhbon ind111 hydrogen Inyine 
wood in a pert moss neal Redwitz in Pavan 


723 Hanrtitr, CgHg. 

Anorthic, but mostly like spermaceti o1 white wax, and lamellar 
Sectile, bat not flexible H =1 G=1046 Translucent dull 
resinous Whte Melts at 165° and burns with much smoke 
Very soluble in ether, mu h less so in alcohol Ce 87 8 carbon 
and 122 hydrogen Obevhartin Austra 


724 honiite CH 

Ciystalline folia anl giaims — Soft 
resinous White without smell luses at 120° to 137° 
n acid precipitated by witer in 1 white crystalline mass 
92 3culon, 77 hydiozen Uznach new St Gall, Redwitz 


725 Scut¥rErii CH, 

Oblique prsmatic tabula or aciculax Soft and rather brittle 
G=1 tol2 Thianslucent resinous o1 adamantine White in 
clining to yellow or green eels gicasy, has no taste and when 
cold no smcll but when heated a werk aromatic odom = Insolublc 
m water, readily sol in alcoho) ether anin ands ads Ce 
75 caibon, 25 hydrogen Uznih Branchite white, translucent, 
fusing at 167°, 1s simular, Montev so in Tuscany 


726 IDRIALITE, C,H, 

Massive fracture uneven or slaty  sectile 
G=14 to 16 (17 to 32) Opaque resinous Gieyish «1 
brownish bluck, streak blackish bhown imchming tored — Feels 
greasy Burns with a thick smoky flame, giving out suly hurous 
acid, and Jewving some reddish brown ashes Ce 47 udiiline 
(=947 carbon ind 5 3 hydrogen) ini 18 cinnibu, with 1 hittle 
silica, alumina, pyrite, and hme = Lhe adiraline may be extracted 
by warm olive oil or oil of turpentine 18 2 peuly shimmy mss, 
difficultly fusible Idria 


G =088 Translucent 
Sol m 
Ce 


H=1 to 1 


- southern Russia 
. unmense fields, especially in the valley of the Mississippi 
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727 ToRBANITE 

Massive , fracture subconchordal Yellow, brown grey, and light 
brown H =15to2,G =128 Cc 60 to 65 carbon, 9 hydrogen, 
4 to 5 oxygen, 10 to 20 silicate of alumina. When distilled below 
redness yields a burning fluid note tee in solution , above 
redness a large quantity of inghly ummating gas Shown by 
the microscope to consist of granules of a yellow bituminoid wax, 
with interstitial shaly matter  Torbanehill m Scotland, Pilsen 
in Bohemia, Kurakmna and Murayevna in Russia 


728 DoPpPLePitE 

Jelly like elastic masses Brownish black, streak brown Greas 
lustre H =05,G=11 After dryngH =25, G ~15 Insol- 
uble 1n alcohol and ether An acid substance related to humic 
acid From peat beds, Aussee (Styma) and Switzerland 


THE COALS 


729 ANTHRACITE (Glance Coal) 

Massive anddisseminated, rarelycolumnar Fracture conchoidal , 
buttle H =2to25,G=14tol7 Opaque brilliant metallic 
Thon blach, streak unaltered Perfect conductor of electricity 
Buins difheultly with a very weik or no flime, and does not cake , 
in the closed tube yields a little moisture, but no empyreumatic 
oi], detonates with nitre Cc _ carbon above 90 per cent, with 
1 to 3 oxvgen, 1 to 4 hydrogen, and 0 to 3 nitrogen, and ashes 
chiefly of silica, alumina, lime, and peroxide of iron Common in 
some parts of all coal fields, and especially in the United States, 18 
in Rhode Island, Massachusetts, and above all m Pennsylvania 
Used chiefly for manufacturing metals 


730 Cowon CoaL (Black Coal, Stone or Mineral Coal, Bitu- 
122 ous Coal) 

Compict, slaty, or confusedly fibrous, often dividing into rhom 
boda} columnai, or cubical fragments J 1acture conchordal, un 
even, 01 fibrous rathcr brittle or sectile H =2to25, G =1 2to 
15 Vuitieous resinous or silky in the fibrous variety Blackish 
brown, pitch black or velvet blach Burns evsily, emitting flame 
and smoke with a titunninons odour herted im the closed tube 
yields much ol Ce 74 to 90 carbon, with 0 6 to 8 or 15 oxvgen, 
3 to 6 hydrogen, 0 to 1 to 2 nitrogen, 0 1 to 3 sulpl ur, rand 1 to 11 
earthy matters o1 wh m 100 puts 

Slate Coal or Splint his a thick slaty structure, and an uneven 
fincture Cherry Coal is the name applied to the brittle hizhly lus 
trous vaiety common mn the Lnghsh coil helds = Cd ing Coal 18 a 
more bitumimous vuiety which undergoes semifusion when ignited, 
cihing oragglutinating dunngcombustion Cannel Coal hasa1esin 
ous, glimmeiing lustre, and a flat conchoid 1 fiacture breaks into 
uzegular cubical fi igments, but 1s more solid a1 tikes 2 higher 
yolish than other varieties This buins with « bught flame, and 
\iclds much gas Abundant im many lands, asin England, Scot- 
land, and ieland, in Belgium ad Fiance in Getmany and 
Butish Americ1 and the United States possess 
Alco 
found in China, Japan Hindustan, Australia, Borneo, and several of 
the Indian islands 


731 LiGNiTE (Jet, Brown Coal) 


ebeinia vegetable in o1igin, —the exteinal form, and very often 
the internal woody structure, buing yieserved The tcxtiie 1s com 

} 1 t woody, orearthy Fricture conchoidil wooly or uneven, 
6 ft and often fnible G=05 to 15  Lustie sometimes resm 
ous, mostly ghmmeiing or dull Brown black, or rarely grey 

Burns easily with a unpleasant odour colouis solution of potash 
leep brown Cc 47 to 73 carbon, 25 to 75 hydiogen 8 to 33 
oxygen (with nitrogen), and 1 to 15 ashes Jet is itch black with 
conchoidal fiacture and resinous lustie Brown coil occurs at 
Bovey Tracy in Devonshne also in Germany Hungary France, 
Italy and Grecce The Surturbrand of Inland seems a yanety 
Used as fucl, but much mfetior to common coal The Oohttic 
cous of Yorkshire, A{ntiim, Biora, Mull, and Shye are mtermedi- 
ate vaueties 


TNDE\ OF VWINERAL SPECIES 


Andesine, 594 
Angle ite olt 


Alunogene 328 


Abriachanite 581 | Albite 590 
Amalgun .4 


Acanthite 170 Alexandrite 94 


Acmite, 570 | Algodomite 192 Amazon stone 589 Anhyduite 317 
Actinolite 578 Allanite 474 Ambe: “12 Anherite 2 4 
Adamite 410 Allemontite 7 Amblygonite 450 Annabeigite 388 
Adinole 590 Allochroite 493 Ambly stegite, 560 Annerodite 6s’ 
Adulana 589 Allomorphite 313 Amethyst 81 13.  Annivite, 233 
gerne 571 Allopalladium 30 | Amianthus 67 Anomute, 515 
Eachy nite, ¢88 Allophane 639 578 Anoithite 5)1 
Agalmatolite, 647 “Almandine, 493 Amphibole 578 Anthophylhte 57° 
Auhinite 23] Alstonite 283 Amphodelite 591 Anthraate, “99 
Alabandine 180 | Altaite 163 lAnalcime 60u Anthraconite «72 
Alabaster 319 [stam 341 Anatase 9b Antigoute Sel 
Alalite 567 Aluminite 329 Anauxite 641 Antimontal nickel 


Albertite 710 Alunite 343 Andalusite 460 184 


Antimony 6 Arsemc 6 Babingtonite 575 , Bergholz 660 
Apatehite od) Aisemiosiderite,429 | Barkalite 567 Bertherine 56%, 
Apatite 443 | Arsenohte 193 Barsovite 596 Berthierte 218 
Aphrite 272 Asbestos 578 Baryta mica 521 | Beryl 586 
Aphrodite 54 Asphaltum 709 Baiyte 313 Bervelinite 16 
\pophy llite, 603 Astrakanite 337 Baryto calcite 287 | Berzelite 3 0 
Aquamanime $6 Astrophyilite 530 | Baryto cclestine Beudantite 46 
Aragonite 281 Atacamite 6) 314 Bieburite 327 
Arcanite 308 | torte 370 Bastite 564 Binnite, 221 
Ardenmite 677 Augte 067 Bastnacsite 37 Bi tite, 512 


Arfvedsomte 579 Aunchaleite, 297 | Beaumontite 614 | Bismite 126 
Aigentite 169 Avante 28 Beantite, 112 Bismuth 8 
Arhansite 97 Avantorine 1%v Beczerite 1¢0 Bismathine 209 
Arksutite 41 Axinite 44 Beraunite 400 Bismuthite, 302 
Arquenite 23 Azuuite, 294 Berengelite 717 Bismutoferrite, 667. 
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Biesmuto-spharite 
288 
Ritter spar 278 
Bitumen 708 709 
Bleimere 701 
Blende 177 
Blodite 337 
Blomstrandite 685 
Bloodstone I3v 
Bodemte 474 
Bogbutter 718 
Bogoslosskite 492 
Bole 65v 
Bohvite 256 
Bolognese stone 
318 
Boltonite 476 
Bonsdorfite 585 
Boracite 262 
Borax 266 
Bormte 190 
Bosocalcite 267 
Botryogene 847 
Botryohite 470 
Boulangerite 227 
Bournonite 230 
Brancl ite 726 
Brandis te 524 
Braunite 100 
Brava site 673 
Breislackite v67 
Breithauptite 184 
Breunnenite 2 6 
Brewstenite 615 
Biochantite 334 
Bromite 56 
Brongniartine 311 
Bronzite v64 
Brookite 97 
Brown coal 731 
Brute 114 
Brushite 377 
Bunsenite 76 
Bustamite 574 
Byrichnite 155 
Byssolite 578 
Cacho ong 137 
Cacoxene 402 
Cairngorm 135 
Calaite 404 
Calamine 280 
Calcite calc spar 
272 
Caledonite 350 
Calomel 49 
Cancrinite vf 
Caporcianite 612 
Carbuncle 423 
Carpallite 62 
Carnat 631 
Carnelian 13v 
Carpholite 606 
Carphosiderite 332 
Cassitente 98 
Cassiterotantalite 
691 
Castor 573 
Catapleite 674 
Cats eye 135 
Cawk 313 
Celadonite 560 
Celestine 315 
Centrolite 488 
Cerargynite 54 
Cerine 474 
Cente 484 
Cerussite 286 
Cervan ite 130 
Chabasite 608 
Chalcai thite 333 
Chalcedony 135 
Chaleohte 439 
Chalcomenite 207 


Chalcophanite 122 
Chaleophyllite 435 


Chalcopyrite 189 


Chalcomderte 430 


Chalcotrichite 73 
Chalk 272 
Chalybite 277 
Chamointe 562 
Chert 135 
Chiastohte 460 
Childrenite 432 
Chilenite, 197 
Chiohte 42 


Chiyiatite 248 
Chiadmte 563 
Chloantite 146 
Chionte 31 
Chiontoid 526 
Chlorocalute 58 
Chloropal ¢57 
Chiorophaite 556 
Chlorophyll te 585 
Chiorospinel 93 
Chodneffite 43 
Chondraisemte 
395 
Chondrodite 482 
Chonierite 535 
Chrome ochre 637 
Chromite 89 
Chrysobery] 94 
Chrysocolla 491 
Chrysolite 4 8 
Chrysoprase 135 
Chiysot ie 49 
Cin olite ¢38 
Cinnibar 198 
Cinnamon stone 
493 
Cipollino 272 
Clante 24¢ 
C austhalite 11 
Clay ironstone 27 
Clays 629 
Chnochiore 533 
Chnoelase 424 
Chntonite "24 
Coals 729 731 
Cobaltite 143 
Cobaltspath 2°9 
Cobalt vitnol 327 
Coceimite 58 
Coccol te of” 
Corruleolactin 405 
Colophomte 493 
Colorad ite 202 
Colt mbite 693 
Condur ite 192 
Connellite 2 
Copaline “1¢ 
Coy apite 331 
Copyer 18 
Copperas 324 
Coy per 1lende 238 
Coq imbite 330 
Co dente 85 
Coinwalhte 418 
Corundophy Ite 
033 
Coundum §1 
Cotton stone 623 
Cotunn te 60 
Covelline 188 
Credne ite 102 
Ci chtorite 83 
Crocahte ¢92 
Croco site 355 
C onstedtitc 539 
C o lente 16 
Cry olite 40 
Cry opt ylite v1” 
Cry ptohte 3°7 
Cuban 19] 
Cube ore 403 
Cuprite 73 
Cuproplumbite 
159 
Cyamte 4/1 
Cymoyhare 94 
Cypmne 40 
Danalite 497 
Danbu ite 49 
Day mite 132 
Dath hte 467 
Davils nite "86 
Dav ne 06 
Dechen te 3 3 
Delafosste 3 
Delessite 538 
Demidowite 492 
Dermatine uv 5 
Descioizite 414 
Disdocinte 4 4 
Daaliage £8 
Dialogite 8 
Diamond 13 
Diaspore 107 
Dichrorte 585 
Dickinsor te 392 


MINERALOGY 


Dietrichite 341 
Dihy rite 419 
Dimorphite 207 
Diopside 567 
Dioptase 490 
Diphanite 522 
Dipyre 502 
Discrasite, 176 
Disthene 461 
Dolomite 273 
Domeykite 192 
Dopplerite 728 
Dufrenite 399 
Dufrenoysite 223 
Durangite 451 
Dysanal; te, 683 
Dysluite 91 
Ecdemite 458 
Edingtonite 620 
Ehhte 421 
Eisennickelkies 
182 
Fleolite 506 
Elaterite 708 
Electrum 25 
Fleononte 401 
Ehasite 113 
En tohte 55 
Embretl tte 227 
Fme ald 81 u86 
Emerald nickel 
298 
Emery 81 
Emmonite 284 
Emylectite 216 
Enargite 24 
Enstatite 563 
Eosite 309 
Eosphotite 433 
Fpiboulangerite 
20 
Epict lorite 533 
Fpitote 4 o 
Ep gen te 249 
Ep stilbite 613 
Fpsomite 321 
Eiimite 418 
E:ithrosidenite 65 
Frythnte 386 
Esmarkite v8v 
Euchroite 417 
Fuelase 4¢€8 
Fuaasite 643 
Fud alte 6 3 
Euinophite 600 
Fukai ite 168 
Eukol te 6 3 
Lilytine 498 
Cuphyllite 023 
Fuxemte 687 
Evans te 406 
Evigtokite 4 
Fat lerz 237 
Fallunite v8 
Farrfieldite 394 
Famatinite 24 
Fargite 628 
Faroelhite 626 
Fassaite u6” 
Faujasite ¢07 
Fayalite 4 7 
Felinite 605 
Felsotanyite 329 
Felspars 589 597 
Ferbente 364 
Fergusonite 695 
Ferrotitanite 670 
Fetbol 60 
Fibrofernite 331 
Ficl telite 722 
Fillowite 390 
Fionte 13° 
Fire blende 2y2 
Fiscl e1ite 40 
Fhint 13u 
Liuelhte 39 
Fluocerine 36 
Fluocerite 3 
Flu mite fluor-spar 
33 
Forchhammerite 
5u7 
Foresite 621 
Forsterite 476 
Fowlente 74 
Franklinite 88 


Frenzelite 210 
Friedelite 628 
Frieseite 186 
Fneslebenite 224 
Fuchite 619 
Fullers earth 632 
Gadohnite 471 
Gahnite 91 
Galactite 623 
Galena, 158 
Galmei 485 
Garnet 493 
Gaylussite 292 
Gearksutite 46 
Gehlenite 504 
Gelbeisenerz 3845 
Geociomte 241 
Gersiorffite 147 
Gibbsite 116 
Gneseckite 585 
650 
Gigantolite 585 
Gilbertite 519 
Giobertute 2°6 
Giraso] 187 
Gismondine 624 
Glagerite 633 
Glaserite 308 
Glanhente 311 
Glaucodote 144 
Glauconite 559 
Glaucophane 582 
Gmehmite 609 
Gold 20 
Goslante 322 
Gothite 108 
Giammatite 578 
Graphic granite 
589 
Graphite 14 
Gieenockite 179 
Greenovite 668 
Grunau te 1lo4 
Grunerite 584 
Guanayuatite 201 
Guayaquillite 718 
Gueyjarite 211 
Gummite 120 
Gymnite 547 
Gypsum 319 
Gyrohte 604 
Tiematite §&2 
Handingente 379 
Hair salt 328 
Halite 51 
Halloysite 632 
Hamartite 38 
Ha motome 617 
Rartine 719 
Hartite 723 
Hatchettine “21 
Hatchettohite 699 
Hauerte 150 
Haughtonite 013 
Hausmannite 99 
Hauvne 510 
Hayden te 608 
Havytorite 467 
Hel trope 135 
Helvine 496 
Hepatite 313 
Hereynite 92 
Herderite 452 
Hermannite 583 
Herrengrundite 
348 
Herschelite 611 
Hesatte 174 
Heterozite 391 
Heulandite 614 
Hosingerite 659 
Haslopite 272 
Hyelmite 696 
Homilte 469 
Hopeite 409 
Horbachite 156 
Hornblende 578 
Ntorneaite 383 
Hornstone 135 
588 
Hubnerite 365 
Hudsonite 56” 
Humboldtiite 503 
Humite 482 
Hureaulite 391] 
Fur mte 685 


Hyacmth 138 
Hyahte 137 
Hyalophane, 595 
Hyalosidente 478 
Hydrargillite, 116 
Hy droboracite 270 
Hv dromagnesite 
293 
Hydrophane 187 
Hy diophite 552 
Hy diotaleite 118 
Hydrozineite 296 
Rygrophilite 652 
Hypersthene 565 
Hypochlorite 667 
Hy postilbite 612 
Hypoxanthite 661 
Tee 74 
Iceland spar 2 2 
Ice spar 8S 
Ichthy ophthalmite 
603 


Idocrase 4 5 
Idrialite 726 
Iimenite 83 
Indicolite 466 
Inverauite 182 
lodite 5 
lolite 585 
Tisdium 28 
Iiuidosmium 82 
Tite 89 
Tron 16 
Iserme 84 
Ixolyte "12 
Jacobsite 87 
Jade 578 
Jadeite 697 
Jalpaite 171 
Jamesonite 222 
Jarosite 344 
Jasper 18a 
Jeffersonite 569 
Jet ol 
Johannite 336 
Jordan te 236 
Joseite 12 
Juliamte 234 
Kaimte 30? 
Kammererite v32 
kaolin 629 
Karelimite 250 
Karstenite 312 
heilhauite ¢¢9 
he mesite 253 
Kieserite 3°0 
hilbnehenite 242 
hKillimte 5 2 651 
Kirwanite 528 
Klaprothite 220 
Klipsteimite 662 
knebelhite 480 
hKobaltbeschlag 
386 
Kobelhite 228 
hollyrite 634 
Komamnt 664 
Kongsbergite 23 
Konigine 335 
Konhte 724 
Koppite 681 
hotschubey ite 533 
Kottigite 387 
Krantzte 713 
Kraurite 399 
Kreittonite 91 
Kremersite 64 
Knsuvigite 334 
Krokidolite 581 
Kuhnite 370 
Kupferblau 492 
Kyrosite, 140 
Labradorite 598 
Lanarkite 317 
Langite 335 
Tanthamte 303 
Lapis-lazuli 511 
Lasionite 405 
Latrobite 591 
Laumontite 612 
Laurite 204 
Tautite 1/2 
Lavendulan 386 
Lazulite 431 
Lead 19 
Leadhillite 806 


Leadspar 286 
Leberkies, 140 
Leelite 589 
Lenzinite 632 
Leonhaidite 612 
Lepidolite, 518 
Lepidomelane 514 
Lepolite 591 
Lerbacinte, 200 
Lettsomite 451 
Leuchtenbergite 
532 
Leucite 505 
Leucophane 587 
Leucopyrite 142 
Levyne 610 
Lherzolite 567 
Libethemte 411 
Lietenerite 649 
Liebigite 301 
Tieviite 483 
Ligmite 731 
Lime mica 522 
Limestone 272 
Iimnite 117 
Limomte 110 
Linaute 349 
Iindakente 299 
Linneite 152 
Liroconite 484 
Lithhophilte 369 
Lithomarge 631 
Iithoxylon 137 
Loam 629 
Loweite 338 
Luchssapphir §85 
Lucullire 272 
Ludlamite 389 
Ludwigite 265 
Lumachello 273 
Luneburgite 457 
Lunnite 423 
Luzomite 24¢ 
Iydian stone 135 
Magnesia mica 
§12 
Magnesio ferrite 
8b 
Magnesite 275 
Magnetite 80 
Magnolite 354 
Malachite 295 
Malacolite 56” 
Malacone 642 
Maldonite 196 
Malardite 326 
Malthazite 633 
Manganese red 
28 
Manganese spar 
574 
Manganite 109 
Manganocalcite 
285 
Marble 272 
Marcasite 140 
Marceline 100 
Margarite 522 
Margarodite 519 
Marl 272 
Marmolite 550 
Martite 82 


Mica, 512 
Microcline 889 
Microlite, 684 
Microsommite 507 
Miemite 278 
Milarite, 578 
Millente 181 
Miloschin 635 
Mimetesite 446 
Minium 104 
Mirabihite 318 
Mispickel 141 
Misy 331 
Mixite 425 
Mizzonite §01 
Molybdenite 203 
Molybdite 127 
Molysite 61 
Monazite, 868 
Monradite, 543 
Montanite 853 
Montebrasite 450 
Monticellite 481 
Montmonillonite 
636 
Moonstone 589 
Morenosite 323 
Morion 130 
Morocochite 913 
Morvemite 61 
Mosandmte 672 
Moss agate 1385 
Mottramite 420 
Murchisonite 589 
Munacite 312 
Muscovite 519 
Mussite 567 
Myelin 681 
Nacrite 630 
Nadorite 702 
Nagyagite 199 
Naphtha 707 
Natrolite 622 
Natron 990 
Naumannite 173 
heedle ore 231 
Nemalite 114 
Nepheline 506 
Nephrite v 8 
Newberyite 378 
Newjanskite 31 
Nickel, arsemate of 
871 
Nickele1z 372 
Nickelite 183 
Nitratine 258 
Nitre 253 
Nitrocalcite 260 
Nitromagnesite 
261 
Noblite 698 
Nontronite 657 
Nosean 509 
Ochran 65 
(Erstedite 675 
Okenite 602 
Ohgoclase 592 
Olrvenite 412 
Ohvine 478 
Oncosin 648 
Oolite 272 
Oosite 585 


Mascagnine $09 | Opal 136 187 


Masomte 527 
Massicot 78 
Matlockite 66 
Maxite 306 
Meerschaum 544 
Megabasite 360 
Meionite 500 
Melaconite 79 
Melanite 493 
Melanterite 324 
Melinophane 588 
Mellihte 503 
Melhte 704 
Melonite 193 
Melopsite 631 
Mendipite 67 
Meneghinite 235 
Mengite, 690 
Menilite 187 
Mercury 20 
Mesohte 628 
Meteoric iron 16 
Miargynte 212 


Orangite 645 
Orpiment 206 
Orthite 474 
Orthoclase 589 
Osmindium 31 
Ottrelite 528 
Oxalite 06 
Oxhaveerite 603 
Ozocerite 720 
Pachnohte 44 
Paisbe ite 574 
Lalladium 29 
Parsfin 720 
Paragomte 620 
Pargasite 578 
Parisite 305 
Paulite 585 
Pectolite 598 
Peganite 408 
Peliom 585 
Pennine §32 
Pentlandite 182 
Percyhte 71 


Periclase 75 
Perichne 590 
Pendote 478 
Perovskite 680 
Petalite 578 
Petroleum 707 
Petuntze 589 
Petzite 175 
Phacolite, 608 
Pharmacolite $81 
Pharmacosiderite, 
403 
Phenacite 489 
Phillipsite 616 
Phlogopite 516 
Phonico-chroite 
856 
Phosgenite 304 
Phosphorochalicite 
423 
Plauzte 711 
Pickeringite 341 
Picotite 93 
Piciolite, 549 
Picrophyll 541 
Picrosmine 542 
Piedmontite 473 
Pilolite 580 
Pimelite 548 
Pinguite 658 
Pinte 585 
Pinitold 654 
Tisolite 372 
Pissophane 332 
Pitch blende 90 
Pitticite 455 
Plagionite 219 
Plasma, 185 
Platimridium 27 
Platinum 26 
Plattnente 108 
Pleonaste 93 
Phnthite 605 
Plombg mme 442 
Plumbocalcite 272 
Plumbostib 227 
Pollux 606 
Polyargyrite 244 
Polybasite 243 
Polycrase 686 
Polydyn ite 154 
Polyhalite 340 
Polyhydnte 659 
Poly mignite 689 
Polytelite 239 
Porcelain earth 
629 
Porpezite 2u 
Potstone 640 
Prase 135 
Praseolite 585 
Prehnite 627 
Prosoj ite 48 
Proustite 226 
Pailomelane, 121 
Pa ttacli ite 374 
Pucheite 3°u 
Paffiente 619 
Pycnite 463 
Pyenotroy 536 
Pyrallolite 554 
Pyrargulhhte 585 
Pyrargyrite 225 
Pyrite 189 140, 
151 185 189 
Pyroaurite 119 
Pyrochlore 684 
Pyrochroite 115 
Pyrolusite 101 
Pyromorphite 444. 
Pyrope 493 
Pyrophyllite 640 
Pyrophysalite 463 
Pyropissite 720 
Pyroretinite 714 
Pyrorthite, 474 
Pyrosclerite, 534 
Tyrosmalite 529 
Pyrostiipnite 258 
Pyroxene 567 
Pyrrhite 684 
Pyrrhotite 151 
Quarts 135 
Rammelsbergite, 
149 
Razoumoffskin 637, 


MIN— 


Realgar 305 Sanidine 589 Side) oschisohte, Stolzite 362 
Reddingite 396 Saponite, 548 539 Strahlstein 578 
Reddle, 82 Sapphire 81 Siderosilicite 661 | Strengite 398 
Redrathite 164 Sapphire dean | Siegenite 153 Stromeyerite, 165 
Reinite 363 585 Sillimanite 462 Strontianite 284 
Reissite 613 Sapphirine 93 silver 21 Struvite 428 
Resins 707-728 Sapphirit. 465 Sinter 13” Studerite 233 
Retinite 714 Sarcolite 499 Sisserskite 82 Stylotyp 232 
Reussine 837 Sartoiite 214 Skutterndite 157 {Succimte 713 
Rhagite 426 Sassoline 105 Slate clay 629 Silphur 1 
Rhodinte 264 Satin spar 281 Slate spar 272 Sunstone 592 
RBhodochrome 532 | Saussurite 597 Smaltine 145 Surturbrand 731 
Rhodonite 574 Savon de verner |Smikite 320 Susannite 30” 
Ripidohte 583 101 Smithsonite 280 | Sussexite 271 
Rittingerite 187 Saymte 154 Soda chabasite Svanbergite, 453 
Rivotite, 703 Scapolite 502 609 Sylvanite, 194 
Rock-crystal 135 | Scarbroite 634 Sodalite 508 Sylvite 50 

Rock salt ol Scheelite 361 Soda mica 520 Symplesite 38 
Rock soap 655 Scheererite 72a Spadaite 046 Syngenite 339 
Romanzowite 498 {Schiller spar 564 |!Spa heavy 013 {Szaboite v76 
Romeite 700 Schirmenite 220 Spathiopyrite, 142 | Szaibelyite 269 
Roscoelite 678 Schneebergite 700 |Sphene 668 ‘Labergite 532 
Roselite 38u Schneiderite 22 Spinel 93 Tabular spar 066 
Rothoffite 493 Schorl, 466 Spodumene 572 |Tachhydnte 63 
Rottisite 664 Schorlomite 670 Stann te 18a Tag hte 416 
Rubellan v12 Schwartzember Stassfuit te 263 Tale v40 
Rubellite 466 gite 68 Staniohite 464 Talcosite 640 
Rubicella 93 Scolecite 623 Steatite 540 Tallingite 0 
Ruby 81 93 Seorodite 397 Steiheil te 585 | Tantalic ocme 134 
Rutile 9 Selenite 319 Stephanite 240 Tantalite 691 
Sahhite 67 Selenium 3 Sternbergite 186 | Tapiohte 692 
Salmiac 52 Selensulphur 2 Stib comte 130 Telluric bismuth 9 
Salt 51 Senarmontite 124 {Stibnite 208 Telluric iron 16 
Saltpetre 2u9 j Serpent ne 549 Stilbite 618 Tellurite 133 
Samarskite 697 Shale 629 St Ilpnomelane 561 | [ellur um 4 black 


Sandbergenrite 5°91 Siderite 1385 27 Stolpenite 6va 190 giaptic 194 


MINERAL WATERS No absolute line of demarca 
tion can be drawn between ordinary and mimeral waters 
There 1s usually in the latter an excess of mmeral con 
stituents or of temperature, but some drnking waters 
contain more muneral constituents than others that 
are called mineral waters, and many very pure waters, 
both cold and warm, have been regarded for ages as 
mineral springs 

As to the origin of mineral waters, there 1s much m 
what the elder Pliny said, that waters are such as the soil 
through which they flow Thus in limestone and chalk 
districts an excess of hme 1s usually present, and the 
waters of a particular district have much resemblance to 
each other—as in the Erfel, in Auvergne, and in the 
Pyrenees But this 1s only a partial explanation, for 
waters are by no means necessarily uniform throughout a 
particular geological formation We do not know with 
any certainty the depth from which various mineral waters 
proceed, nor the various distances from the surface at 
which they take up their different mineral constituents 

The source of the temperature of thermal waters remains 
a subject of much uncertainty Among the assigned causes 
are the internal heat of the globe, or the development of 
heat by chemical or electrical agencies in the strata through 
which they arise 

Their occasional intermittence 1s doubtless often depend 
ent on the periodical generation of steam, as in the case 
of the Geysers A few geological facts are certain, which 
bear on the omgin of mineral waters Such springs are 
most abundant in volcanic districts, where many salts of 
soda and much carbonic acid are present They occur most 
frequently at meetings of stratified with unstratified rocks, 
m saddles, and at pomts where there has been dislocation 
of strata 

The diffusion of mineral waters 1s very extended Phlny 
was quite correct in observing that they are to be found 
on alpine heights and arising from the bottom of the 
ocean They are found at the snow in the Himalayas and 
they rise from the sea at Baie and Ischia They are to be 
found 1n all quarters of the globe, but more particularly 
in volcanic regions, as in the Eifel and Auvergne, in the 
Bay of Naples, and parts of Greece, in Iceland, New 
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Tennantate 288 Tritomite 646 Villaisite 553 Wolfabergite, 217 
Tenonte 80 Trogerite 427 Vitriol, green, 324 | Wolkonakoite, 663 
Tephroite 479 Trona, 291 red 347 white, | Wollastonite, 566 
Tetradymite 10 Troostite 487 $22 Woodwardite 351 
Tetrahedrite 237 | Ischewkinite, 671 | Vitnol ochre 831 | Wulfenite, 358 
Tharandite 273 Tufa, 272 Vivianite 384 Wurtzite 178 
Thenardite 310 Tungstite 128 Voglite 300 Xanthocon 251 
Thermonatrite 289 | Turgite 106 Volborthite 415 Aantholite 464 
Thomsenolite, 45 | Turnente 368 Volgerite 131 Xanthophylite 
Thomsomte 626 Turquoise 404 Voltalte 342 525 

Thorite 644. Tynite, 695 Voltsine 254 Xanthosiderite 
Thrauhte 699 Tyrohite 422 Vulpinite 312 111 
Thrombohte 708 | Ulexite, 268 Wad, 121 \enotime, 366 
Thulite 472 Ulimannite 148 Wagnerite 44” Xonotlite 600 
Thunngite 537 Umber 661 Walchowite 715 Xyhte 660 
Tiemannite 199 Uianinite 90 Walkerite v99 Yellow earth 655 
Tilkerodite 161 Uranite 436 Walpurgite 441 Yttrocente 34 


Tin 15. ores of | Uranocircite 438 |Wapplerite 382 \ttroiulmenite 697 


98 Uranophane 665 | Warmngtonite 335 | \ttrotantahite 694 
Tinder ore 129 Uranospinite 437 | Washingtonite 83 | \ttrotitanite 669 
Tinkal 266 Uranotantalite 697 | Water 74 Yu 627 
Titanomorphite, Uranothorite 644 | Wavellite 405 Zaratite 298 

679 Uranotile 666 Websterite 329 Zeagonite 620 
Tobermonite 601 | Uranvitrio 336 | Wehrhte 11 Zeolites 598-628 
Tocornachte 59 Urao 291 Weissgiltige:z 289 'Zepharovichite 406 
Topaz 81 463 Urusite 346 Weissite 583 Zeunerite 440 
Torbanite “27 Uwarowite 493 Whewellite 706 Zine 17 
Tourmahne 466 Valentineite 120 | Whitneyite 192 Zincite 77 


Travertino 272 Vanadine bionzite | Willemite 486 Zinckenite 215 


Tremolite, 578 568 Wiserine 366 Zinnwaldite, 517 
Triclamte 585 Vanadinite 445 Withamite 4 3 Zircon 138 
Tridymite 136 Variscite 406 Witherite 282 Lousite 472 
Triphylite 369 Varvieite 101 Wittichenite 229 Zorgite 162 


Wohlente ¢ 6 
Wolchite 230 
Wolframite 364 


Zundererz 132 
Zwieselite 449 
(M F A) 


Tnphte 448 
Tr ploidite 093 
Tnppkeite 403 


Vauquelin te 057 
Venus hair 9a 
Veszelyite 413 


Zealand, and Japan But there are few countries in which 
they are not to be found, except in very flat ones and in 
deltas of rivers,—for instance, 1n the north of France, where 
they are very few, and in Holland, fiom which they are ab- 
sent France, Germany, Italy, and Spain, as well as Greece, 
Asia Minor, and the Caucasus, are all rich in mineral waters 
The British Isles have a fair though not very large pro 
portion of them There area few in Sweden and Norway 
They are abundant in the United States, less so in Canada 
They are found in the Azores and in the West India 
Islands Of their occurrence in the interior of Africa or 
of Australia we know little , and the same 1s true of South 
America But they are met with in Algiers, in Egypt, and 
in the Holy Land The vast Indian peninsula has for its 
size a comparatively small supply 

As the effects of muneral waters on the bodily system 
have been found to be different from those of drinking 
waters, an explanation of this has been naturally sought 
for It has been imagined that there is something special 
in the nature of mineral waters, that their heat 1 not 
ordinary heat, that their condition 1s a peculiar electric 
one Some French modern writers even say that they have 
a certain life in them, that their constitution 1s analogous 
to that of the serum of the blood But we must pass by 
these speculations, and be guided as far as possible by ascer- 
tained facts, respecting the action on the system of water, 
of heat and cold, and of the mineral constituents present 

Mineral waters, when analysed, are found to contain a 
great many substances, although some of them occur only 
im very minute quantities —soda, magnesia, calcium, 
potash, alumina, iron, boron, 10dine, bromine, arsenic, 
hthium, cesium, rubidium, fluorme, barium, copper, zinc, 
manganese, strontium, silica, phosphorus, besides extractive 
matters, and various organic deposits known under the 
name of glairm or baregin Of gases, there have been 
found carbonic acid, hydrosulphuric acid, nitrogen, hydro- 
gen, oxygen, and ammonia Off all these by far the most 
important in a therapeutic pomt of view are sodium, 
Magnesia, and iron, carbonic acid, sulphur, and perhaps 
hydrosulphuric acid These substances, detected separately 
by chemists, are in their analyses combined by them into 
various salts, if not with absolute certainty, undoubtedly 
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with a close approximation to it Those combinations are 
very numerous, and some waters contain ten to twenty of 
them, but there are always some predommmating ones, 
which mark their character, while many of them, such as 
cesium, rubidium, or fluorine, occur in mere traces, and 
can not be assumed to be of any real importance Mhuneral 
waters therefore resolve themselves mato weaker or stronger 
solutions of salts and gases in water of higher or lower 
temperature For medical purposes they are used either 
externally or internally, for bathing or for drmking As 
the quantity of salts present commonly bears but a very 
small proportion to that of the fluid contammng them, 
water becomes a very influential agent in mineral water 
treatment, about which it 1s therefore necessary to say 
something 

For the action of hot and cold baths the reader 1s referred 
to the article Barns But it may be observed here that, 
according to the most generally received opinion, the cuta 
neous surface does not absorb any portion of the salts in a 
mineral water bath, although 1t may absorb a little gas 
(an alkaline water, for instance, at most acting as a slight 
detergent on the shin), and that neither salts nor gases 
have any action on the system, except as stimulants of the 
skin, with partial action on the respiratory organs 

It seems to be ascertained that drinking considerable 
amounts of cold water reduces the temperature of the body, 
diminishes the frequency of the pulse, and increases the 
blood pressure temporamly Water when introduced 
into the stomach, especially if it be empty, 1s quickly 
absorbed , but, although much of the water passes into the 
veins, there 1s no proof that 1t ever produces in them, as 18 
sometimes supposed, a state of fluidity or wateriness 
Therapeutically, the imbibition of large quantities of water 
leads to a sort of general washing out of the organs This 
produces a temporary increase of certain excretions, 
augmented diuresis, and a quantitative increase of urea, 
of chlo:ide of sodium, and of phos horic and sulphuric 
acids in the urine Both the sensible and the insensible 
perspirations are augmented A draught of cold water 
undoubtedly stimulate. the peristaltic action of the 
intestines On the whole water slightly warm 1s best 
borne by the stomach, and 1s more easily absorbed by 1t 
than cold water and warm waters are more useful than 
cold ones when there 1s much gastric irritability 

In addition to the therapeutic action of mineral waters, 
there are certain very important subsidiary considerations 
which must not be overlooked An individual who goes 
from home to drink them finds himself in a different 
climate, with possibly a considerable change in altitude 
His diet 1s necessarily altered, and his usual home drinks are 
givenup There 1s change in the hours of going to bed and 
of rising He 1s relieved from the routine of usual duties, 
and thrown into new and probably cheerful society He 
takes more exercise than when at home, and 1s more in the 
open air, and this probably at the best season of the year 
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this necessarily mits the time of their use It is common 
to declare that the treatment should last for such or such 
a period But the length of time for which any remedy 18 
to be used must depend on its effect, and on the nature of 
the particular case It 1s found, however, that the con 
tinued use of mineral waters leads to certain disturbances 
of the system, which have been called crises, such as sleep 
lessness, colics, and diarrhoea, and to skin eruptions known 
as la poussee This cause, and also certain peculiarities of 
the female constitution, have led to the period of three 
weeks to a month bemg considered the usual period for 
treatment A certain after treatment 1s often prescnbed 
—such as persistence im a particular diet, visiting springs 
or chmates of a different and usually of a tonic character, 
or continuing for a certam time to drink the waters at 
home It may be added that the advantage of having 
recourse to mineral waters 1s often felt more after than 
during treatment 

Since improved methods of bottling have been discovered, 
and the advantage of an additional supply of carbome acid 
has been appreciated, the export of waters from their sources 
has increased enormously, and most of the principal waters 
can now be advantageously uscd at home It may be 
added that many of the artificial imitations of them are 
excellent 

The history of the use of mineral waters can only just 
‘e alluded to They have been employed from the earhest 
periods, and traces of Roman work have been found at 
most of the LCuropean baths which are now 1n favour,—at 
almost all the thermal ones Occasionally new springs 
are discovered in old countries, but the great majority of 
them have been long known They have vaned m 
popularity, and the modes of applying them have also 
varied, but less so than has been the case with most of the 
ordinary medicimes Warm waters, and those contaming 
small quantities of mineral constituents, appear to have 
remained more steadily m favour than any other class 
within the appropriate sphere of mineral wateis, which 1s 
limited to the treatment of chronic disease 

The attempt has been made to range mineral waters 
according to their therapeutic action, according to their 
internal or external use, but most gererally according to 
their chemical constituents so far as they have becn from 
time to time understood, and a judicious classification 
undoubtedly 1s a help towards their 1ational employment 
But their constituents are so varied, and the gradations 
between different waters are so finely shaded off, that it 
has been found impossible to propose any one definite 
scientific classification that 1s not open to numberless 
objections Thus a great many of the sulphur waters are 
practically earthy or saline ones et because they con 
tain very minute amounts of such a gas as hydrosulphuric 
acid, an ingredient so palpable as always to attract 
attention, 1t 1s considered necessary to class them under 


the head of sulphur The general rule 15 to attempt to 


So important has this matter of season and climate been 


found that 1t 1s an established axzom that waters can be 
used to the greatest advantage during the summer months 
and in fine weather, and during the periods most convenient 
for relaxation from business Summer is therefore the bath 
season, but of late years provision has been made in many 
places, with the aid of speciilly constructed rooms and 
passages, for carrymg out cures satisfactorily during the 
winter season, ey, at Aixla Chapelle Wiesbaden, Baden 
Baden, Baden in Switzerland, Daa, Vichy, and Bath The 
ordinary bath season extends from the 1 sth of May to the 
20th or 30th September The season for baths situated 
at considerable elevations commences a month later and 


class a water under the head of its predominant element , 
but if the amount of that be extremely small, this leads te 
such waters as those of Mont Dore bemg classified as 
alkaline or arseniated, because they contain a very little 
soda and arsenic The classification in the following table, 
which 1s that usually adopted in Germany, has the merit 
of comparative simplicity, and of freedom from theoretical 
considerations which in this matter influence the French 
much more than the German wiiters The more umportant 
constituents only are given The amount of solid constitu- 
ents 18 the number of parts to one thousand parts of the 
water, the temperature of thermal springs 1s added The 
waters are classified as indiffercnt, carthy, salt, sulphuretted, 


terminates some ten days earlier Mineral waters may be | ron, alkaline, alkaline saline—with subvarieties of table 
employed at home, but patients seldom so use them, and | waters and purging waters 
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Tasrr I —Tymcal Mineral Waters 


Indifferent 


Gastein 
95 118° 


bai thy | Sait Salt 


Ienk | 


133 | Kussingen 


Bicarbonate of soda | 

potash 

magnesia 
i calclum 
Sulphate of soda 
potash 
magnesia 
me calcium 
Sulphide of sodinm 
Chloride of sodium 
potash 

es magnesia 
Carbonate of 1ron 
Silteie acid 
Gases 

Carbome acid 
Hydrosulphuric acid 


3) 
99 
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In addition to their solid constituents, gas 1s present in 
many waters in considerable quantity There w a little 
oxygen and a good deal of nitrogen in some of them, the 
quantity of hydrosulphuric acid, evcn mm strong sulphuric 
waters, 1s wonderfully small, but the volume of -arbonic 
acad present 1s often very large,—for instance, 1n the case of 
Kissingen, Schwalbach, and Selte:s Carbonic acid 18 so 
generally diffused that it 1s practically a very important 
agent in the therapeutics of mmeral waters Springs that 
contain it are far the most agreeable to the taste, and 
consequently most popular with patients The immediate 
effect of the carbonic acid which they conta 1 that of 
pleasant stimulation to the stomach and system, although 
it can scarcely be said to approach, as some have thought, 
the slighter forms of stimulation fiom alcoholic drinks 
Extremely little appears to be known of its actual operation 
on the system a part of what 15 swallowed 1s returned by 
eructation, and a part passes on to the intestines, whether 
any appreciable quantity reaches the blood is doubtful 
There 13 no question that carbonic acid increases diuresis 
Practically it 1s found to aid digestion, helping the functions 
of the stomach, and in a slight degrce the peristaltic action 
of the intestines The increased flow of urme may be 
caused by its favouring the absoiption of water by the 
stomach In some baths carbonic acid 1s so abundant that 
precautions have to be taken to prevent its tendency to 
accumulate on account of its heavy specific gravity Car 
bonic acid gas, used as a bath, proves stimulating to the 
skin and to the general system, but its employment has 
not answered the expectations formed of it 

Indifferent Waters scarcely vary in chemical qualities from oi 
nary diinking water, but they are usually of higher temperature 
Their therapeutic action, which is manly exercised through Laths, 
has been explained on the theory of peculiarities of then electric or 
thermal condition, about which we know nothing definite, and on 
the presence in some of them of a larze quantity of mitiogen It 
has also been ascribed to the va11ous organic substances in some ot 
them, such as glanin, which when collected 1s sometimes useful as 
a cataplasm These waters are not often much diunk, but any 
efficiency they may have in dyspepsia and perhaps in neuralgic 
diarrhoeas must be attributed to ihe favourable action of hot water 
on the digestion The waters of this class, especially the hotter 
ones in the form of baths, ate extiemely useful in resolving the 
effects of inflammation, in thickenings of the jomts and in chronic 
rheumatism and gout They also are often effective, especially the 
cooler ones, in ae and m some hystecal affections They 
are sometimes prescribed in urinary affections, m which case they 
probably assist by dilution The effects of many of these wateis ale 
aided by the baths often being situated at considei ible elevations 
and in out of the way spots, whence the Germans called them 
Wildbader They are very widely diffused, bemg found im all 
quarters of the globe, especially m volcanic distiicts There are 
many in New Zealand, n America the hottest ate in the West and 
in Californs 
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Alkaline 
Saline 
Carlsbad, 
119 138° 
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Earthy Waters —These difica chiefly from the mdafferent waters 
n containing an y precirble quantity of salts, among which sulphate 
or carbonate of lune or of masncsia y1cdominates ‘The great 
majority of them are of lugh wmpratue They produce the same 
effects as the indifferent waters but are perhaps less cfhcacious 
in neuial,zic affections, While they ue more mpl; ed mm some of 
the chionic scaly eruptions ‘Lhe was formerly a tendency to 
consider these wateis uscful im urinary aflections, but at the 
present day it 1s only the colde: ones that have come into repute 
for the expulsion of giavel and biliary calcul: and in the treat 
ment of affections of the bladder generally Some of them have 
also of late yc118 been consi lered to exercise a fay ourable influence 
on scrotula and to be useful m the early stages of pulmorary 
phthisis This has been attributed to the salts of lime present in 
them, although 1t 1s known that most of 1ts salts pass through the 
system unaltered Many of these baths, such as Leuk and Bormio, 
enjoy the advantages of great elevation, but Bath, otherwise one of 
the best of them, hes low 
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2 In this and the following tables a gclection is «1ven of some of the bet hnown 
mmmeral waters in various Lurop an cou: tries that possess establishments Their 
chief peculunities of elevation of temperature and const tuents are biieflvy noted 
The curative effects, necessarily aJinded to very generally are those usually 
attributed to them. 
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Salt Waters are so called from contammng a predominant amount 
of chloride of sodium They also gene ly contain chlorides of 
magnesia and of lime and occasionally small amounts of lithium, 
bromine andiodine They further often contain a little iron, which 
1 an important addition Lhe great aie foe of the drinking wells 
have 2 large supply of carbomic acid here are cold and hot salt 
sprin,s Sometimes they are used for drmnking, sometimes for 
bathing an the double use of them 1s often resorted to 

‘he normil quantity of common salt consumed daily by man 1s 
usuilly set down at about 300 grams The mawmum quantity 
hkely to Le taken at any well may be 225 grains but commonly not 
more than half of that amount 1staken [he increase to the usual 
daily amount 1s therefore probably not much more than one third 
Still 1t may be presumed that the action of a solution of salt on an 
empty stomach 1s different fiom that of the same amount of salt 
taken with food Salt introduced into the stomach excites the 
secretion of gastric juice, and favours the peristaltic actions, and 
when taken im considerable quantity 1s distinctly aperient We 
thus see how 1t15 useful in dyspepsia, in rie of the stomach and 
intestines and sometimes m chronic intestinal catarrh Salt when 
absorbed by the stomach appears inthe urine of which 1t1n 
creases the amount both of fluid and of solid constituents, especially 
oftheurea It seems theretore to be pretty certain that considerable 
quantities of salt taken into the circulition increase the excretion 
ot nitrogenous products thiough the wine, and on the whole 
accelerate the transformation of tissue Salt 1s thus useful im 
scrofula by stimulating the system and also in anemia, especially 
when iron 1s also jy resent In some German stations as at Soden, 
carlonated salt waters are considered to be useful in chronic 

laryngitis or granular pharyngitis 

Baths of salt water as usually siven rarely contain more than 3 
per cent of chloride of sodium some of the strongest perhaps from 
8 to 10 per cent Then primary action 18 as a stimulant to the 
shin in which action it 1s probable that the othe: chlondes 
especially that of calcium and still more the carbonic acid often 
present co operate In thus way, and when aided by various pio 
cesse> cf what may be termed water poultices and packing, they 
are often useful fn removing exudations in chronic metaitis and 
mn some tumours of the uterus and generally in scrofula and 1achitis 
and occasionally im some chronic shin affuc tions 

The French accord high praise to some of their thermal salt 
Waters in paralysis and sone German ones ale used in a similai 
Way in spinal affections ‘Lhe salt waters are sometimts so strong 
that they must be dilute! for bathing In other cases concen 
trated solutions of salt are allel to make them sufficiently strong 

These waters are wilely diffused but on the whole Germany is 
richest in them especially im such as ate highly charged with 


salt The hissingen spings mav be considcred as typical of the 
drink ells and sei water of bathing waters The air of salt 
work: julverization of the water ale employed in German 
baths nedial agents 

Sal ngs are found in many quaiters of the world but the 
chief nated groups for dimbhing yy oses occur in Germany 
anla itoga in Ametics where very remathable wells indeed 
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there are salt bearing strata, as in Germany, Galicia, Italy, Switzer- 
land, France, and England Very powerful waters of this class are 
those of St Catherines in Canada 

The presence of minute portions of todye or bromine im salt 
waters 1s by no means infrequent, and they appear im considerable 
quantity m some few It 18, however, extremely doubtful whether 
any known spring contains a sufficient quantity of 10dine, still more 
ot bromine, to act specially on the systcm, even if that action were 
not necessarily superseded by the presence of the la: uantity of 
other salts with whak they are associated Some of the feat known 
springs of the kind are —Challes, Wildegg, Castrocaro, Hall, Adel 
heid s Quelle, hrankenheil, Kreuznach, Woodhall Spa 

Iron or Chalybeate Waters —Iron usually exists in waters in the 
state of protoxide or its carbonate, less frequently as sulphate or 
crenate, and very rarely if at all as chloride Tho quantity present 
1s usually extremely small It may be said to vary from 12 to 03 
in the 1000 parts ot water Some wells considered distinct chaly 
beates contain less than 03 Many wells, especially im Germany, 
have a nch supply of carbonic acid, which 1s unfortunately wanting 
in French and hagish ones 

It has long been the prevalent idea that want of 1ron in the blood 
1s the main cause of chlorosis and of other anemic conditions, and 
that these conditions are best relieved by a supply of that metal 
Since the detection of 1t in hemoglobuline this view has been stil 
more popular It 1s pretty certain that the blood contains 387 to 
47 grains and the whole system 70 to 74 grains of uon, and it 
has been calculated that mm normal conditions of the system some 
what more than one giain of iron 1s taken daily 1m aiticles of food, 
and that the same amount 1s passed in the faces, for although the 
stomach takes the iron up it 1s excreted by the alimentary canal 
manly, it being doubtful whether any 1s excreted in the urme It 
1s possible by drinking several glasses to take in more than a grain 
of carbonate of 1ron in the day, equivalent to half that amount of 
metalliciron It has furthei been ingeniously 1echoned from practice 
that 10 to 15 grains of metallic iron sufhce to supply the deficiency 
in the system in acase of chlorosis It 1s thought probable that 
@ portion of the iron taken up m water 1s in certain pathological 
states not excreted, but retained in the system and goes towards 
making up the want of that metal But, whether this or any other 
explanation be satisfactory, there 1s no question as to the excellent 
eflects often produced by drinking chalybeate waters (especially 
when they aie carbonated) and by bathing in those which are rich in 
carbonie acid after they have been artrhcially heated As regards 
the drinking cure we must not, however, forget that carbonate and 
chlonde of sodium, and also the sulphate, are often present and must 
be ascribed a share inthe cure Thus chloride of sodium 1s a power 
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Rheinfeld Aargau, Switzeiland | all some chrimic exanthe 
mas rheumatism uterine 
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Salzungen North Germany 256 Do do 
Isch} Austra (1440 ft ) 256 Do do 
Rall Tyrol (1700 ft ) 255 Do do 
Reichenhall near Salzburg (1800 ft ) 224 Do do 
Bex Rhone Valley (1400 tt ) 156 Do do 
Castiocaio Tuscany 36 Do do 
Droitwich near Worcester 233 6 Do do 
Sea Water 80 4 a a ae 
Rehme Westphalia (92 F ) 24 8) { on ebece aren pane 
Nauheim Wetterau (80 103°} ) | 29 Dp do 
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Rippoldsau, Black Forest 1 8% 12. | kor anemic condit ons, laxative 
Homburg near Frankfort 10 Do do do 
Elster Saxony 1465 08 Do do do 
Liebenstemn North Germany| 911 08 
Schwalbach Nassau 3 08 Do much of a ladies bath 
Bocklet, nea: hissingen too 03 Do 
Griesbach Black F 1est 1¢l4 07 Do laxative a ladics bath 
Franzensbad Bchemia = {12)3 | = 07 Do do do 
Pyrmont Germany ”” Do 
Spa Belgiun 1 000 06 Do 
Sagghtie shies dated 1 32 04 Do laxative. 
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ful adjnvant m the strong Stahl Quelle of Homburg and im the 
Putnam Well at Saratoga A whole category of female complaints 1s 
treated successfully with these waters Indeed ansmua trom any 
source, as after fever or thiough loss of blood, and enlargements of 
the spleen, are benefited by hen The stimulating action of the 
copious supply of carbonic acid in steel baths 1s a very important 
adjuvant, no one now believes in direct absorption of 110n from the 
bath Iron waters are scarcely ever thermal They are extremely 
common in all countries,—frequently along with sulphuretted 
hydrogen in bogs, and near coal measures But such springs and 
ne carbonated wells generally are weak, and not now held mm much 
estcem 

‘It may be added that some of the strongest known 110n wells are 
eee or alumunated They are styptic and astringent, and can 
only be used diluted They are sometimes useful as an application 
toulcersandsores Such springs have often been brought into notice, 
but never retain their popularity hey are known 1m the Isle of 
Wight, in Wales, in Scotland, as well asin Kiba, &c , and of late 
bass the Bedford Alum and Oak Orchard Springs, U S , have been 

rought into notice the latter containing 10 grains of free sulphuric 
acid in the pint All such springs have been cons lercd useful in 
scrofula, anemia, and chronic diariheeas 

S iuphur Springs —Wateis having the odour of hydrosulphuric 
acil however slightly, are usually called sulphur ones Thc} owe 
thuir smell sometimes to the presence of the free acid, sometimes 
to sulphides of sodium, calc1um or magnesia, and sometimes to 
both Hydrosulphuric acid 1s abso1bed more freely by cold than by 
hot water, and 1s therefore most abundant in cold sprmgs The 
sulphides decompose and give off the gas Most of these springs 
occur near coal or shale measures 01 stiata contaming fossils or in 
moors and in places generally where organic matte: is present in 
the soil or strata Many of them contain so little mineral impieg 
nation that they might as well be classed among the indifferent 
or earthy waters One group contains a considetable amount of 
ehloride of sodium another of sulphate of lime, while a thud has 
little mineral impicgnation but contains sulphides 

Hydiosulphune acid is 1 strong poison and its action on the 
system has been pretty well ascertained It has been assumed that 
the gas in minetal waters acts similarly, though m a modified 
degree, but there 15 next to nothing absolutely known of the 
action of the small quantities of the gas that are present in mineral 
waters and which certainly have no toxic effect It has been 
assumed that this gas has some special action on the ie system 
and so on the liver On the connexion of metallic poisoning 
with the liver has been founded the idea that sulphu: waters are 
useful in metallic intoxication Du1inking large quantities of these 
witers, especially of such 18s contam sulphates o1 chlomdes of 
sodium or magnesia combined with hot baths and exercise may 
help to break up albuminates but there 1s no proof of the action 
ot the suphu 

For simila: reasons and primanily to counteiact mercunial poison, 
sulphur waters have been considered useful in syphihs But it 
may be ‘vell to remembei that at most baths mercury 1s used along 
with them No doubt they ate fie yucntly, like othe: warm waters 
useful in bringing out old eruptions, acting in this way as a test 
for syphilitic poison, an 1 mm indicating the treatment that may be 
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required Sulphur waters, both hot and cold, are used in gout and 
rheumatism, in dyspepsia, n hepatic and cutaneous affections, and 
of late years inhalation of them has been popular in phthisis and 
in laryngeal affections They have long been popular remedies in 
cutaneous affections While so much doubt has been cast on the 
action of the sulphur of these waters, 1t may be admitted that the 
sulphides are probably decomposed 1n the stomach and hydrosul 
phuric acid generated That gas 1s probably a shght stimulant 
to the intestine What hydrosulphunic acid reaches the blood 1s 
eliminated by the lungs here seems to be no doubt that the gas 
1s absorbed in small quantities by the skin 

It 18 m sulphur waters chiefly that glairm and baregin occur 
This peculiar organic substance has been found both in Amencan and 
in European springs Cold sulphur springs are very widely diffused 
thioughout the woild Thermal ones are not so common Per 
haps the largest though not the stiongest up of the latter 1s to 
be found im the Pyrenees We mav remark again how very little 
hy diosulphunic acid there1s in many of the most fay ounte sulphur 
spiings, including the very popular White Sulphur ones ot Virginia 
There seems to be something peculiarly unsatisfactory in the 
analy sis of sulphur waters, and there has been difficulty m construct 
ing the following imperfect tables 

Some of the most powerful cold wells are those of Challes (with its 
very peculiar water) Leuk, and Harrogate i has a very large 
amount of chloride of sodium in its sprin Cold sulphur waters 
aie on the whole more used m liver and indigestion than warm 
ones ‘Lhe general effects of warm sulphur waters differ so little 
at the various baths as to make it difheult to mention anything 
special to particular localities Schinznach has a reputation in 
skin complamts Cauterets Laux Bonnes, and Challes in laryngeal 
affections, the two Aixes, Luchon, and Archena in syphils 

Alkaline Waters are such as contain carbonate (chiefly bicarbon 
ate) of soda along with an excess of carbonic acid Of the action of 
those carbonates 1t 1s known that when taken into the stomach 
thev are neutralized by the gastiic juice, and converted into chlonde 
of sodium On their introduction into the stomach they produce 
an increased flow of gastric juice =f piven during or immediately 
after meals in any quantity they impede digestion They slightly 
increase peristaltic action but only fect], unless assisted by other 
salts They act slightly as diuretics Of the connexion between 
the biliary system and alkalies which undoubtedly exists, not much 
1s known with certainty ‘Lhe alhalization of the blood by them 1s 
assumed by many, but not y1roved It 1s very doubtful whether 
they reduce the quantity of fibrine m thc blood, and thus induce a 
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lowered state of the system, or whether they have any direct tend 
ency to combine with fat md cary off a portion of superfluous 
adipose tissue. Their exccss of cai bomic acid, through its action on 
the stomach, favouis the operation of alkaline wateis They have 
been classed as follows —(I ) simple alkalines, where carbonate of 
soda ts the man agent, (IL) waters contaiming in addition some 
chlonde of sodium , (III ) waters contammng sulphates of soda or of 
magnesia All these classes may be said to be used in gout, lithi 
asis, affectious of the hyer, catanh, and obstructions of the gall 
ducts in dyspepsia, chrom catarrh of the stomach, and diaithaa, 
in olesity, and in diabetes Some of the waters of the second class 
aic supposed to mfluence bronchial cataiths and incipient phthisis, 
wile the more powuful sulphated waters of the third class are 
«spe tally useful im catarrh of the stomach, and 1n affections of the 
bilgi y organs, of these only one of importance (Carlsbad) 1s ther 
The rival cold waters of Tarasp contain twice as much car 
bonate of soda I'he cold oncs are chiefly used internally, the 
thcimal oncs Loth internally and externally The lattu, besides 
acting as warm water, slightly stimulate the shin when the car 
bon acid 15 abundant, and the caibonate of soda has some slight 
detergent ctluct on the cutaneous surtace like soap These waters 
arc unknown in England They are most abundant in countries of 
extin t ¥ canoes 

Classes J wd ID of alkaline waters may be said to have a sub 
yallety un acidulated springs or carbonated witers m which the 
quantity of salts 1s vu1y small, that of carbomc acid lage These 
table waters are rcadily drunk at meals ILhey have of late \ears 
becn so widely «xz orted as to be within the reach almost of every 
one Then practic tl importince in aiding digestion 1s in 1¢ality 
much gieater thin one could expect from then scanty mineralizi 
tion Lhey are drunk by the countiy peopl, and also laigely ex 
portel ind imitited — They are very abundant on the Continent, 
ani ilthoush some of the best hnown oncs enumerated below ue 
German and Tiench they we common in Italy ind elsewhere — 
Hepyingen Roisdorf, Landskro, Apollimas, Selters, Bruchenau, 
Gieshubel all German , St Galnier, Pougues, Chateldon, French 

(ssociate 1 with Class IIT 1 that of the stiongly sulphaied waters 
known in Gurm iy as bitter o1 purging waters, which haye of late 
deserve lly come into use a5 purgative agents They are almost 
wanting in France and m Amctica, and there ale no very good ones 
mm England The chief supply 1s fiom Bohcuim1 and Hungary ‘Lhe 
nunicious W iters of Often uc the best known and some of them ve 
strongu than the Hunyadi, of which 1m analysis has becn given in 
Table I They ne easily umitited Some of the best known are 
Ofen, Pullna, Sudschutz, Fricdrichshall Bumcerstorff Kissm zen 

Two other classes of witers demand a few words of notwe ‘The 
French have much faith in the presence of minute quantities of 
arsenic n some of then springs, and trace us nical effects in those 
who drink them, and some Ficnch authors have establishcd 2 class 
of arsenscal watuis Bouibhoule m Auvergne is the stiongest of 
them, wnl 1s said to contain ysth of a zrun of wasemate ot soda 
mn 7 ounces of water Baden Baden aucording to Bunsen s latest 
anivoel, has a right to be considered an asenical water It 1s, 
however extremely doubtful whethc: the small amounts o* ar 
senate of sola which have been detccte! ac ompanicd as they are | 
by prepon krating amounts of other salts have any actual opera 
tion on the system = Lhe tollowins a1 among the most noted 
springs —Bourboule, Mont Dore, Rovat, Sulics (Bigories , Plom | 
bieres, Baden Baden 

Ot late years luthvum has heen discovere 1 in the waters of Baden 
Balen an various othe: places boat of the amount of that sul 
stance in then springs Indeed 4 new bath has been established at 
Assmannshausen on the Rhine im conse yucnce of the dis overy of 
a weak alhaline spring contunming some lithium Not vary much 
15 known of the action of lithium in or Lnary me licine an] it un 
doubtcdly does not exist in medicinal doses even im the stronzest 
springs Among these springs are those of Baden Ba len, Assmanns 
hauscn, Elster Royat Ballston Spr an] Sarate za (LS 

AmrricaN Mixri ar Warrns —Ihe number of springs in the 
United Statcs and Canada to which public attention has been 
calle 1 on account of then supposel thuapeutic vntues 13 very 
large amounting in all to more than three hundred Of this number ' 
com] v1 itively few a in Cant la, and of these not morc than six (St 
Cathatines Caleloma Plintagnet Caxton Charlottesville, and 
Sandwich) hive attained general cdnity — Phe first three belong 
to the saline class the € ixten is alkaline saline and the last two are 
sulphur wats — {he St Cathcrincs 15 remuhable for the very large 
amounts of sodium calamm and magnesium chlorides which it 
contains, 18 total salts (4.0 grains im the j nt) bem z more than 
three times the gunn) contained in the brine baths of kreuz 
nach in Prussia ‘Lhe Charlottesville and Sandwich springs hhewise 
surpass the noted sulphur watcis of kuroye m ther excessive per 
centages of sulphuretted hydiogen, the mei containing morc than 
3 and the latter 4 72 cubie inches of this gas in the pint | 

The mineral springs 1n the United Statrs are very unequally dis 
tnbuted, by far the large: number of those which are in high 
medical repute occurring aleng the Appalacluan chain of mountains, 


inal 
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and more especially on or near this chain where 1t through the 
States of Vuginia, West Virgimia, and New York The Devonian 
and Silunan formations which oveilie the Eozoic rocks along the 
course of the Appalachian chain have been greatly fissured—the 
faulting of the strata being in some places of enormous magnitude 
-—by the series of upheavals which give rise to the many parallel 
mountain mdges of the Appalachians In many places the springy 
occur directly me the lines of fault Lhe various classes of 
mineial waters are likewise very unequally 1epresented, the alkaline 
springs, and those containing Glauber and Epsom salts, being much 
infunor to then European representatives bn the other hand, the 
very numerous ana abundant springs of Saratoga compare very 
favourably with the Selters and similar saline waters, and amon 
the many American chalybeate springs the subclass represen 
by the Rockbridge Alum 1s unequalled in 1egud to the very laige 
oa a of alumina and sulphunec acid which it contains 
des tg greater amount of nunetal constituents (185 grains per 
int), the Ballston spring surpasses the similar saline waters of 
omburg, Kissingen, Wiesbaden, and Selters in its percentage of 
caibonic acid (58 cubic inches) It 1s also remarkable for the very 
laige proportion of carbonate of hthia, amountins to 0 701 grains 
Thermal spiings are specially numerous in the tciitories west 0 
the Mississippi and in Califorma Those im the east mostly occur 
in Virginia along the southern poition of the Appalachian chai, 
in the middle and New England States Lebanon is the only im 
portant thermal spring Subjoined 1s a list of thnty American 
splngs, the design being to represent as many of the more noted 
} 48 a8 possible, while at the same time enumelating the best repre 
sentatives of the classes and subclasses into which mineral waters 
are divided according to the German method of classification 
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MINERVA (ze, menes va, endowed with mind) was the 
Roman goddess who presided over all handicrafts, inven 
tions, arts, and sciences She was probably an Etruscan 
deity, but her character was modified on Roman soil through 
her identification with the Greek Pallas Athena (sce 
AtHina) No legend of her birth 1s 1ecorded , the Roman 
deities were abstractions, not distinct persons with an 
individual history Her chief worship in Rome was in the 
temple built by Tarquin on the Capitol, where she was 
worshipped side by side with Jupiter and Juno This 
foundation may be assigned to Etruscan influence She 
had also an old temple on the Aventine which was a regular 
meeting place for dramatic poets and actors The dedi 
cation day of the temple and birthday of the goddess 
was March 19, and this day was the great festival of 
Minerva, called yuinquatrus because it fell on the fifth 
da} after the Ides The number five was sacred to the 
goddess All the schools had holidays at this time, and 
the pupils on reassembling brouzht a fee (muncrval) to the 
teachers In every house also the guensuatrus was a 
holiday, for Minerva was patron of the womens weaving 
and spinning and the workmens craft At a later time 
the festival was extended over five days, and games were 
celebrated This feature 1s evidently due to the Gracizing 
conception of Minerva as the goddess of wai To this same 
Giecizing tendency we must attribute the lectusternvum 
to Minerva and Neptune conjomtly after the battle of the 
Trasumene Lake The 23d had always been the day of 
the tubhlustrowm, or purification of the trumpets, so that the 
ceremony came to be on the last day of Minervas festival 
Trumpets were used in many religious ceremomes, and 
it 1s very doubtful whether the tulslustrowm was really con 
nected with Vianeiva There was another temple of Minerva 
on the Cwelian Hull, and a festival called the lesser quen 
quatrus was celebrated thure on June 13-15, chiefly by the 
flute players 


Minerva of the Cahan temyle was callet Capta, June 19 was 
the foundation day of this temy lu and the buthday of the goddess 
‘The palladium, an atchaic mma.e of Pallas was brought fiom ‘Troy 
to Lavinium nd thence to Rome by the family of the Nautn it 
was picserved in the temyle of Vesta as a pledge of the safety of 
the city There are some traces of an identification of Minerva with 
the italian god less Nemo wife of Mais it 1» probable that Match 
19 was o1iginally a feast of Murs 


Besides Preller Zo 2 Afyth and Haitung Relig d Rover &e see Jordan 
Ephem Epigraph 1 38 Mommsen (¢ J Z 1 388 Usenui Rretn Mus xxx 
222 


MINGRELIA, a former pimeipality of Transcaucasia, 
which became subject to Russia in 1604, and since 1867 
has constituted three circles of the government of Kutais— 
Letchgum, Senakh, and Zugdidi The country corresponds 
to the ancient Colchis, and Izgaur or Iskuriah on the Black 
Sea coast, which was the capital durmg the period of 
Mingrelian independence under the Dadian dynasty, 1s to 
be identified with the ancient Dioscurias, a colony of 
Miletus The Mingrelians (still almost eaclusively confined 
to the Mingrehan terntory, and numbering 197,000) are 
closely akin to the Georgians See Caucasus, vol v p 
257, and Gzoreia 

MINIATURE 18 a term which by common usage has 
come to be applied to two different branches of pamting 
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Derived from the Latin word mtntum, the red pigment 
used in the primitive decoration of MSS, in the first place 
It 18 the technical word employed to describe a painting in 
a MS , and, from the fact of such pictures being executed 
on @ reduced scale, 1¢ has 1ts secondary and modern signifi 
cation of a small, or mmiature, portrait In the latter sense 
it belongs to the general subject of painting Here it 
proposed to trace the development of the miniature in MSS 
of the different schools of Europe 

The rise of the art of InLummNaTIow, 1n which the 
miniature plays so important a part, has been described 
under that heading , and something has been said in that 
place about the earliest extant specimens of miniature 
painting Unfortunately we cannot with any certamty 
reach farther back than the 4th century for the most 
ancient of them , and all remaining examples between that 
period and the 7th century m Greek and Latin MISS 
can be counted on the fingers The two famous codices of 
Virgil in the Vatican Library stand pre emiment as the 
most ancient Latin MSS decorated with paintings The 
miniatures in the first of them, the Coder Romanus, 
are large and roughly yet boldly eaecuted paintings, which 
have no pretension to beauty, and are simply ulustra 
tions , but they are as old as the 4th century, and are 
of the highest value in enabling us to appreciate the 
debased style to which classical art had descended, and 
which no doubt was more largely employed than we might 
think The second MS, the Schede J aticane, which may 
also be assigned to the 4th century, 1s far more artistic 
and retains a good deal of the grace of classic art Of 
the same kind, but of rather later date, are the fragments 
of the Jihad mn the Ambrosian Library at Milan, the 
miniatures of which are generally of excellent design 
Next comes the Dioscoides of the Imperial Library at 
Vienna, with 1ts semiclassical portrait mimiatuies executed 
at the beginning of the 6th century Of a rather later 
period are the pamtinzs which illustrate the Greek MS 
of Genesis in the same libiary A far finer and older MS 
of the same book of the Pentateuch once existed in the 
Cottonian Library, but was almost totally destroyed by 
fire The few fragments of the mmuatures which once 
filled this volume, and which were of the 5th century, are 
sufficient to show what excellent work could be done in the 
capital of the eastern empire, from waence the MSS most 
probably came The late interesting discovery of an illus 
trated MS of the Gospels in Greek, of the latter part of 
the 6th century, at Rossano in southern Italy, add» another 
number to our scanty list of early volumes of this class, 
which 1s closed by the Latin Pentateuch in the hbrary of 
the earl of Ashburnham This last MS, however, 1» not 
older than the 7th century It was executed in Italy, 
and 1s adorned with many large mimiatures, not of high 
artistic merit, but of great mterest for the history of 
painting and of costume 

Coeval with the MSS which have just been enumerated 
are the beautiful mosaics and wall paintimgs which are 
seen at Rome, Ravenna, and in other parts of Italy, serving 
as standards of comparison and carrying on the history of 
ait where MSS fail us The strong and ever increasing 
Byzantine element which appeais in these works prepares 
us to find the predominance of the same influence when we 
again pick up the broken thread of the history of miniature 
painting We may then, at this pot, turn for a moment 
to the east of Europe and state briefly what remains of 
Greek art in MSS Of Greek mimatures there are stall 
many fine examples extant, but, exceptmg those which 
have been noticed above, there are few which are earlei 
than the llth century At this period the mimiature 
appears in the set form which it retained for the next two 


| or three hundred years, and the connexion between ite 
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style and that of the mosaics 18 too evident for us to be at 
a loss to explain the course of development ‘The figure 
drawing 1s delicate, but rather exaggerated in length, the 
colours are brilliant, and the whole effect 1s heightened by 
glittering backgrounds of gold In some few instances, 
however, the (treek artist breaks away from conventionalism, 
and, especially when pourtraying the divine features of the 
Saviour o1 some subject which deeply stirs his feelings, he 
surprises us with the noble dignity with which he invests 
his figures Mainuteness also caught the fancy of these 
Byzantine miniatunsts , and there still remam MSS, such 
as Psalters and saints’ lives, adorned throughout with 
dehicate little drawings of great symmetry and beauty 
Thc ornamentation which was employed in Greek MSS 
in the period of which we are speaking, either as frames 
for mimatures or as borders or head pieces, 13 designed 
evidently after Eastern types, and has more than an 
accidental likeness to the patterns which are seen in the 
tapestries and prayer carpets of Persia After the 13th 
century decadence sets m, and we need not follow the 
course of Byzantine artin MSS farther than to notice that 
mmediately from it sprang such national styles as those 
of Russia, Bulzaria, and modern Greece 

Mcanwhile, m the West, under the fostermg cate of 
Charlemagne, arose a great school of decoration in MSS, 
which at the close of the 8th and beginning of the 9th 
century were multiplied and enriched with all the splendour 
that colours and gilding could give to them But the 
books thus ornamented were almost always copies of the 
Gospels, or Bibles, or church service books, which afforded 
httle scope for mvention Hence among the mimatuies of 
this period we have an endless repetition of portiaits of 
the evangelists, drawn, for the most part, mn a lifeless way 
after Byzantine traditions, and deenerating, as time passes, 
into positive ugliness The few miniatures of other descrip 
tions, such as Biblical illustrations, show no great merit, 
and a half barbaric splendour was generally preferred to 
artistic effect But an exception must be made in regard 
to the style of drawinz found m the MS known, on 
account of its present resting place, as the Utrecht Psalter 
This volume is filled fiom beginning to end with delicately 
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of earlier ages But, apart from ornamentation, the Irish 
miniatures of saints and evangelists are extraordinary and 
grotesque instances of purely mechanical drawing, which 
cause us to wonder how the same eyes and hands which 
assisted in the creation of such beautiful specimens of pure 
ornament could tolerate such caricatures of the human 
shape The explanation 1s perhaps to be found im super 
stitious regard for tradition Thus style of art was carried 
by the monks to Iona and thence to Lindisfarne, where was 
founded the school which produced, in the 8th and 9th 
centuries, the nchly ornamented codices of Durham While, 
then, Byzantine models were copied on the Continent, the 
free drawing introduced from the south and the mmtricate 
ornamentation brought m from the north were practised in 
England , but the fiee drawing, with its accompanying 
decoration copied from fohage, and gradually developing 
into beautiful borders harmoniously coloured, gamed the 
day, and lasted down to the time of the Norman Conquest 
The one great fault of this latter style of drawing stnkes 
the eye at the first glance This 1s the inordinate length 
of limb with which the human figures are endowed But 
this blemish 1s forgotten when one comes to appreciate the 
many points of merit in the designs 
In Italy, after a long period of imactivity, two very 
different styles of decoration of MSS sprang into emstence 
The first of these was that of the Lombardic school, which 
1s distmguished by intricate patterns and bright colourmg 
The large imtial letters which are found m the MSS of 
the 11th and 12th centuries, the best period of this 
style, are often a perfect maze of interlaced bands and animal 
forms, and are extremely handsome and effective Figure 
drawing however, seems to have been but little practised 
by the Lombardic artists, but such as there 1s appears on 
a broad scale and well executed In the collections of 
Monte Cassino are some of the best examples of this 
school In the second style which developed in Italy the 
Byzantine influence 1s at first most maiked Indeed, 
among its early specimens of the 13th century are 


, Some which might pass for the work of Greek artist) But 


the genius of the Italians soon assimilated the foreign 
element, and produced a national school which spread 


diiwn pen illustrations, designed and executed with a throughout the penimsula and afterwaids extended its 


facility which, compared with the mechanical and clumsy ' influence to southern France and Spam 
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drawing of other Continental MSS of the period 1s astonish 
mg And these drawings are of particular interest for us, 


It 18, however, 
remarkable that mm a country which produced such fine 
pictures and wall paintings at an early date there 1 com 


as they are of the style which was adopted in England and | paratively little mimature painting in contemporary MSS 


which gives to Anglo-Saxon art its distinctive aspect 


A curious and early mstance of this kind of ait occurs 


Executed about the year 500 or early in the 9th century,,m a MS m the British Museum, wiitten and orna 


and probably in the north of France, the volume was soon 
bought to Ensland, where, however, MSS of the same 
kind, it may be assumed, had long before been intro- 
duced The light “fluttermg outlines of the drapery and 


mented with a series of miniatures at Winchester, in the 
12th century, m which are two paintings which are 
purely Itahan and of more than ordinary cccllence 

In the majority of the extant Italian miniatures of the 


other details of the drawings seem to suggest that the 14th century the mfluence of the great aitists of the 


original models were derived directly from Roman life, and | Florentine school 1» manifest 


The peculiar treatment of 


perhaps partly copied from sculpture, but those models , flesh tints, pamted in body colour over a foundation of 
must have gone through many modifications before passing | olive green, and the peculiar vermilion and other colours 


into the style of the drawings of the Psalter That the 
MS was copied from an older one there can be scarcely a 
doubt , and it 1s not impossible that the onginal archetype 
may date back some centuries earher “ay not MSS 
which St Augustine and his successors brought from Rome 
have contained drawings of the same kind? This style of 
drawing was, at all events, adopted and became nationalized 
in England , but it had there a rival in the Insh school of 
ornamentation, introduced from the north of the island 
The early civilization of Ireland placed her in the van of art 
development in these islands The wonderfully intricate 
interlaced desgns which render Insh MSS of the 7th 
and 8th centuries such marvels of exact workmanship 
derive their origin, 1n all probability, from the metal work 


which need be but once seen to be ever afterwards recog 
nized as belonging to this school, are constantly present 
The figures are generally rather shortened and the drapery 
carried in straight folds, very different characteristics from 
the swaying figures and flowing drapery of the Lnglish and 
French artists of the same period The ornamentaticn 
which accompanied this style of miniature generally 
conswts of heavy scrolls and fohated or feather-hke 
pendants from the initial letters, with spots of gold set 
here and there in the border There are also extant some 
examples of a most beautiful kind of ornamentation which 
appears to have originated in central Italy, and which 
seems to partake of the qualities of both the styles of 
Ttahan art ot which we have been speaking, combining 
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y sho drawing of the Florentine school with a lighter colour | 

ing which may have been suggested by the Lombardic 

Of native Spanish mimature art little can be said. In 
the Visigothic MSS. of the early Middle Ages there 1s no 
ornament beyond roughly coloured initial letters and some 
barbaric figure drawing. A hitle later, however, we get 
some indication of national peculianties m the MSS of 
the 10th, 11th, and 12th centunes, Here there appear 
mimatures, stiff and rude in their drawing, but exhibiting 
the unmistakable Spanish predilection for sombre colours, 
——dusky reds and yellows and even black entering largely 
into the compositions 

The materials at our disposal of the 10th, 11th, and 
12th centunes show the gradual development in France 
and western Germany of a fine free hand drawing which 
was encouraged by the proportionately mcreasing size 
of books Both im outhne and colour the fully de 
veloped mimatures of the 12th century are on a grand 
scale, and initial letters formed of scrolls and interlacings 
assume the same proportions The figure drawing of this 
time 1s frequently of great excellence, the hmbs beimg well 
proportioned , care 1s also bestowed upon the arrangement 
of the drapery, which is made to follow the shape and, as 
it were, to cling to the body 

But the great revulsion from the broad effects and bold 
grandeur of the 12th century to the exact details and careful 
finish of the 13th century 1s nowhere more striking than 
in mimature painting in MSS_ With the opening of the 
new period we enter on a new world of ideas Large 
books generally disappear to give place to smaller ones, 
minute writing supersedes the large hand , and mimatures 
appear im circumscribed spaces in the interior of initial 
letters The combination of the mimature with the intial 
brings 1t into close connexion with the ornamental border, 
which develops part passu with the growth of the mima 
ture and by degrees assumes the same national and 
distinctive characteristics Burnished gold was now also 
freely used, tending to give the mimiature a more decorative 
character than formerly In England, northern France, 
and the Netherlands the style of mimature painting of 
this period was much the same in character, and it 1s 
often difficult to decide from which of these countries a 
MS 1» derived. Enghsh work, however, may be often 
distinguished by its lighter colouring, while deeper and 
more brilliant hues and a peculiar reddish or copper tinge 
m the gold marks French ongm. The drawing of the 
Flemish artists was scarcely so good, the outlines being 
frequently heavy and the colours rather dull Of the 
Rhenish or Cologne school examples are more scarce , but 
they generally show greater contrasts in the colours, 
which, though bniliant, are not so pleasing As tho 
century advanced, and particularly at its close, national 
distinctions became more defined English artists paid 
more attention to graceful drawing and depended less 
upon colour. In some of ther best productions they are 
satisfied with slightly tinting the figures, finding room m 
the backgrounds for display of brilliant colours and gilding 
In France the drawing, though exact, 1s hardly so graceful, 
and colour plays a more important part From the 13th 
to the middle of the 15th century great decorative effec: 
1s obtained by the introduction of diapered o1 other highly 
ornamented backgrounds. Of landscape, properly so called, 
there 1s but little, a conventional hill or tree beimg often 
taken as sufficient mdication, Borders begin in the 13th 
century in the form of simple pendants from the initial 
letters, terminating in simple buds or cusps But once 
arrived fairly in the 14th century, a rapid development 1: 
all parts of the decoration of MSS takes plac There u 
greater freedom in the drawing, the borders begin to throw 
out branches and the bud expands into leaf This1s the best 


439 


reriod of English miniature painting, many of the fine MSS. 
of this century which are preserved in the public libraries 
bearing witness to the skill and delicate touch of native 
artists In France the decoration of MSS received a great 
impetus from the patronage of King John and Charles V, 
of whose famous libraries many handsome volumes are still 
0 be seen, and later in the century the duke of Bern 
carried on the same good work 

With regard to mimature art in Germany there are so 
‘ew examples to guide us that little can be said Most of 
them are rough in both drawing and colouring, and m 
ihe few remaining specimens of really good work foreign 
fluence 1s distinctly seen In the west the art of France 
and Flanders, and in the south that of Italy, are pre- 
dominant Perhaps the finest MS of thi» southern style 
to be seen m England is a Psalter belonging to 
Lord Ashburnham, which was probably executed in the 
14th century at Prague, and is full of mmiatures which 
in drawing and colouring follow the Italan school 

When we enter the 15th century we find great changes 
in both the great Englsh and French schools In 
England the graceful drawing of the previous century has 
disappeared At first, however, some beautiful examples of 
purely native work were produced, and still remain to excite 
our admiration Probably the most perfect of these MSS 
are the Sherborne Missal belonging to the duke of North- 
umberland, and a very beautiful volume, a Book of Hours, 
in the hbrary of Lord Ashburnham ‘The care bestowed 
upon the modelling of the features 1s particularly noticeable 
in English work of this period In decoration the border 
of the 14th century had by this time grown to a solid frame 
surrounding the page , but now another form of most effec 
uve ornament was also used, consisting of twisted feather 
hike scrolls brightly coloured and gilt As the century 
advanced native English work died out, and French and 
then Flemish influence stepped in 

In France immense activity was shown all through the 
15th century in the lumination and illustration of books 
of all kinds, sacred and profane, and it 1s mm the MSS. 
of that country, and, a little later, in those of the Low 
Countries, that we can most exactly watch the transition 
from medixval to modein paintmg arly in the century 
there were executed in France some of the most famous 
MSS which have descended to us In these the colourmg 
is most brillant, the figure drawing fanly exact, and the 
landscape begins to develop The border has grown from 
the branching pendant to a framework of golden spray» or 
of conventional and realistic leafage and flowers Towards 
the middle of the century the diaper disappears for ever, 
and the landscape 1s a 1ecognized part of the miniature, 
but perspective is still at fault, and the myste1y of the 
horizon 18 not solved until the century 1» well advanced 
And now Flemish art, which had long lan dormant, sprang 
into rivalry with its Trench sister, under the stimulus given 
to it by the Van Eychs, and the struggle was carried on, 
but unequally, through the rest of the century French 
art gradually deteriorates , the mimatures become flat and 
hard, nor are these defects compensated for by the 
meretricious practice of heightening the colours by pro- 
fusely touching them with gold The Flemish artists, on 
the other hand, went on improving in depth and softness 
of colouring, and brought mimature painting to rare perfec 
tion The borders also which they mtroduced gave scope 
for the study of natural objects Flowers, insects, birds, 
and jewels were painted in detached groups on a solid 
framework of colour surrounding the page 

But if, as the 15th century drew to 1ts close, the Flemings 
had outstmpped their French rivals, they had now more 
powerful antagonists to contend mth The Itabans had 
been advancmg with rapid strides towards the glories of 
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the Renaissance arly in the century there arose a taste 
tor older models As, for thar wiiting and afterwards 
for their printing they went back to the 11th and 12th 
centuries for their standards, so they adopted again the 
interlacing designs of the Lombardic school for their orna 
ment and sroduced beautiful borders of twining patterns 
relieved by colour, or they took natural objects for their 
models, and painted borders of delicate flowers made still 
more brillant with clustering stars of gold Later, they 
drew from the ancient classical designs inspiration for the 
wonderful borders of arabesques, medallions, griffins, human 
forms, antique objects, dc, which they brought to such 
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from home, and their works are scattered through many 
lands, from England in the north to Spam in the south 

But Itahan art had greater inherent strength, and will 
always hold the first rank To mstance a few of the more 
famous MSS of this closing period of mimiature painting 

the Breviary of Isabella the Catholic, in the British 
Museum, 1s a masterpiece of Flemish art produced im 
Spain, the Grimam Breviary at Venice 1s another fine 
example of the same school Some beautiful Itahan 
miniatures (executed for Leo X and others) were mm the 
collection lately sold by the duke of Hamilton The earl 
of Ashburnham possesses a most delicately uluminated 


perfection early in the next century Their mimiatures | Book of Hours wntten for Lorenzo de: Medici by the 


rose to the rank of exquisitely finished pictures, and were 
executed by some of the best artists working under the 
patronage of such great houses as those of Sforza and 
Medici 

Here then having advanced to the theshold of the 


famous scribe Sinibaldo in 1485, as well as a MS to which 
Perugino and his contemporanes contnbuted paintings 
And in one MS, a Book of Hours belonging to Mr Malcolm 
of Poltalloch, are gathered some of the best mimatures 
of both schools, viz, a series of exquisite paintings by 


domain of modern painting, we leave these two great | Milanese artists supplemented by later ones of the finest 


schools of mimiatuists in possession of the west of Europe 
The Ilemings had the wider field, they were wanderers 
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Flemish type 
See Francis (St) or Paowa, vol 1x p 695 
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HE art of mining consists of those processes by which 
useful mineials arc obtained from the earths crust 
This definition 15 wider than what 1s popularly known as 
mining for it includes not only underground excavations 
but also open workings at the same time 1t excludes under 
round workings which are simply used for passages, such 
as railway tunnels and sewers, and galleries for military 
purposes We must remark also that the word “mine, or 
its equivalent in othe: languages, varies in signification in 
different countries on account of legal enactments or 
decisions which define 1t Thus, in France and Belgium 
the workings for mmeral are classified by the law of 1810, 
according to the niture of the substance wiought, into 
mines minrercs, et carrieres In the United kingdom, on 
the contrary, 1t 15 the nature of the excavation which 
decidcs the question for certain legislative purposes, and 
the term mine iI» restricted to workings which are carried 
on under,round by artificial hght The consequence is 
that what 1s merely an underground stone quarry in 
France becomes a true mine in England, whilst the open 
workings for iron ore such as east in Northampton 
shire, would be true mincs unde the French law It 1s 
necessary, therefore 1n an article on mining, to go beyond 
the English legal definition of a mine, and include the 
methods of wcrking minerals in excavations open to day 
light as well asim thos which are purely subterranean 
Furthermore as it 1s custcmary for the mimer to cleanse 
his ore to a greater or less extent before selling 1t to the 
smelter, we shall treat, under the head of miming those 
processes which are commonly known as the dressing or 
mechanical preparation of ores , and, finally, a few remarks 
will be made concerning legislation affecting mines in the 
United Kingdom, accidents n mimes and the production 
of the useful minerals in various parts of the globe 

The subject therefore will be dealt with as follows — 

1 Manner in which the useful mimerals occur im the 
earth s crust, viz tabular deposits and masses, faults or 
dislocations 

2 Prospecting, or search for mineral 

3. Boring with rods and ropes diamond drill 

4, Breaking ground, tools employed blasting by van 
ous methods , machine drills , driving levels and sinking 
shafts 

5. Principles of employment of mining labour 


6 Means of securing e .cavations by timber or masonry | 


7 Exploitation, or the working away of strata or veins 

8 Carnage or transport of minerals through under 
ground roads 

9 Winding, or raising in the shafts, with the machinery 
and apparatus required 

10 Dramage of mimes, adit levels, pumps, pumping 
engines 

11 Ventilation and lighting of mines 

12 Means of descending into and ascending from 
mines 

13 Dressing or mechanical preparation of minerals 

14 Recent legislation affe ting mines in the United 
Kingdom 

15 Accidents in mines 

16 Useful minerals produced in various parts of the 

lobe 

F 1 Wanner in uhech the Useful Minerals Occurs —The 
repositories of the useful minerals may be classified accord 
ing to their shape as (A) tabular deposits, and (B) masses 

A Tabular Deposits —These are deposits which have a 
more or less flattened or sheet-hke form They may be 
divided, according to their origin, into (1) beds or strata 
and (2) mineral veins or lodes 

(1) Beds —Geology teaches us that a large proportion 
of the rocks met with at the surface of the earth consist 
of substances arranged in distinct layers, owing to the fact 
that these rocks have been formed at the bottom of seas, 
lakes, or rivers by the gradual deposition of sediment, by 
precipitation from solutions, and by the growth or accumu 
lation of animal and vegetable organisms If any one of 
these layers consists of a useful mineral, or contains enough 


| to make it valuable, we say that we have a deposit in the 


form of a bed, stratum, or seam Of course the most 
important of all bedded or stratified deposits 1s coal, but, 


, 1n addition, we have beds of anthracite, lignite, iron ore, 


especially in the Oolitic rocks, cupriferous shale, lead 
bearing sandstone, silver bearing sandstone, diamond, 
gold, and tin bearing gravels, to say nothing of sulphur, 
rock salt, clays, various kinds of stone, such as limestone 
and gypsum, oil shale, alum shale, and slate 

The characteristic feature of a bed 1s that 1t 18 a member 
of a series of stratified rocks, the layer above 1t 18 called 
the roof of the deposit, and the one below it 18 the floor 
Its theckness 18 the distance from the roof to the floor at 
right angles to the planes of stratification , 1ts dy 18 the 
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eclination downwards measured from the horizontal , its 
strike 18 the direction of a horizontal lme drawn im the 
middle plane 
The thickness of beds that are worked varies withm 
very wide hmits Whilst the thickness of certain workable 
beds of coal 1s only 1 foot, and that of the Mansfeld 
cupriferous shale only 10 to 20 inches, we find on the 
other hand one of the beds of lead bearing sandstone at 
Mechernich no less than 85 feet thick, and beds of slate 
far exceeding that thickness It must not be supposed, 
however, that the thickness of a bed necessarily remains 
uniform Occasionally this 15 the case over a very large 
area, but frequently the thickness varies, and the bed may 
dwindle away gradually, or mm ~—=====—==—— 
crease m size, or become divided 
into two owing to the appearance 
of a partimg of valueless rock | 
Fig 1 shows beds of shale, lime : 
stone, iron ore, and sandstone - 
Any one of these beds may be | 
valuable enough to be worked ig 1 
(2) Mineral Vewns or Lodes —Veins or lodes are tabular 
or sheet like deposits of mineral which have been formed 
since the rocks by which they are surrounded , they differ, 
therefore, by their subsequent origin from beds, which, as 
just stated, are of contemporaneous origin with the enclos 
ing rocks (although of course cases occur in which the 
deposit 1s lyimg unconformably upon very much olde: 
strata, or 18 covered unconformably by very much younger 
strata) Itis necessary to explain that the term “vein 
im this definition 1s used in a more restricted sense than 1s 
sometimes customary among miners, who speak of veins 
of coal, clay ironstone and slate, which geologically are 
true beds They see a band of valuable mineral or rock, 
and, careless of 1ts origin, call 1t metaphorically a vein o1 
seam On the other hand, the definition 1s broader than 
that which prevails among some geologists, who would 
confine the term vein to deposits occupying spaces formed 
by fissures 
The term ‘‘lode was defined in 1877 by Mr Justice Field in the 
celebiated Eureka v Richmond case as follows —‘‘ We aie of opinion, 
therefore, that the te.m, as used in the Acts of Congress 1s applic 
able to any zone or belt of mineralized 1ock lying within bound 
aries cleaily separating 1t from the neighbouing rocks This 
interpretation seems suitable for the peculiar mining tenure of the 
United States, where the discoverer ot a vein or lode can obtain 
a mining claim of 500 yards in length along the lode It protects 
the prospector, whosc object 18 to obtain a secure title, the mode of 
origin of the deposit bemg a matter of small rmportance to him so long 
as itis worth working In many cases also 1t would be umpossible 
to decide upon the mode of onigin until workings had progressed 
considerably, and even then trere would be room for disputes 
No doubt a very large number of mineral veins are 
simply the contents of fissures , others are bands of rock 
impregnated with ore adjacent to fissures or planes of 
separation , others, again, have been formed by the more 
or less complete replacement of the constituents of the 
original rock by particles of ore 
Veins may occur in igneous or in sedimentary rocks, 
and in the latter they frequently cut across the planes of 
stratification. 
Like a bed, a vein has its dip and strike, but, as the dip of veins 
18 generally great, the inclination 1s usually measured from the 
vertical, and 1s then spoken of as the wnderlve or hade The 
bounding planes of a vein are called the walls or cheehs and they 
are frequently smooth and striated, showing that one side must have 
slid against the other The upper wall 1s known as the hanging 
wail, the lower one as the foot wall The width of a vem 1s 
measured at nght angles to the walls 


A typical example of a fissure ven 1s shown im fig 2, repre 
senting a lead lode in slate at Wheal Mary Ann mine! in Co.nwall 
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1 © Le Neve Foster, ‘‘ Remarks on the Lode at Wheal Mary Ann, 
Menheniot,’ Trans Roy Geol, Soc Cornwall, vol ix p 158 
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It 1s evident that a fissure in the surrounding slate has here been 
aries up by the successive deposition of bands of mineral on both 
sides 

A large proportion of the contents of a lode mav consist of 
fragments of the walls that have fallen into the original fissure, and 
these are often tightly cemented 
together by minetals that have —= 
been introduced subsequently The == = 
horizontal section of pait of the ==== 
Comstock lode? (Plate IV) shows ==— 
much ‘ country rock enclosed = 
within the walls =. 

Where a lode consists of rock == }— 
ampreened with ore, the mineral : 

part may fade away gradually 

into the surrounding rock (country) 
without there bemg any distinct 
wall, as shown in fig 3, which 1s an illustiation taken fiom the 
Gieat Klat Lode? near Redruth in Cornwall 

The celebrated Ruby Hill deposit in the Eureha distr: t Neva la, 
1s 2 mineralized zone of dolo 
mitic limestone varying in Mw 
width fiom a few inches to | + 
450 feet, and having a mean **," 
width of 250 feet It con ‘* 
tains numerous iriegular ore ' 
bodies, which consist mainly 
of highly ferrugmous car 
Lonate of lead, rch 1n silver 
and gold = ‘Lhis mimerahized 
limestone band, long called Fig 3 
a lode by mmers, has been determined by the decision just men- 
tioned to be a lodc in the eyes of the law 

Veins often continue for a great distance along theirstrike The 
Van lode in Montgomeryshne 1s known for a length of 9 miles, 
Wlulst the Great Quartz Vein in Califorma has been traced for a 
listance of no less than 80 miles Veins are of less uniform pro 
luctiveness than beds and are rarely worth working throughout 
Rich portions alternate with poor or worthless portions The nch 
jarts have received various names according to the forms they 
assume fig 4 represents a 
longitudinal section along the 
strike (course) of a lole and = 
the stippled parts aie ore 
bodies B,B Bate bunches 
13a large bunch or cowse f 22 —— een —_—— 
ove when an ore body fo1ms 
4 soit of continuous column 
we have a shoot, and ore 
bodies which on being ex haps 
civated leave chimney hke . 
openings are called pipes {fig 4, C) In the Unmitel States the 
Spanish word bonanza, literally meaning fair weather or ‘‘ pro- 
sjerity, 1s flequently used for a mch body of ore 

Ihe 11chness of veins 1s dependent in many cases upon the nature 
of the adjacent rock (country), upon the underlie, and upou the 
strike, vanations in any one of these three elements being often 
sufficient to cause a decided change of productiveness 

Various theories have been formed concermng the origin cf 
mineral veins Some geologists sup that the minerals now 
(onstituting the veins have been dissolved out of the adjacent rocks 
and re deposited in the vein cavity, otheis, on the contrary, believe 
that the ores have been brought up from great depths by mineral 
springs In all probability both theories are correct some lodes 
having been formed by the former process and some by the latter, 
and, furthermore, other lodes appear to owe their ongin toa ual 
substitution of valuable minerals in the Sea of some of the con 
stituents of a worthless roch One of the most important con 
tributions to the science of o1e deposits of late years has been 
the discovery by Professor F Sandbeiger of small quantities of 
silver, lead, copper, nickel, cobalt, bismuth, arsenx, antimony, 
and tin in silicates such as olivine, augite, hornblende, and muca, 
Which ate constituents of igneous rochs He therefore regards 
these rocks as the sources from which lodcs have derived their 
niches 


B Masses —These are deposits of mineral, often of 


uregular shapes, which cannot be distinctly recognized as 
beds or veins Such, for mstance, are the red hematite 


James D Hague, in United States Geologuwal Exploration of tle 
Fortueth Poralkl, vol mn, ‘‘Mimng Industry, Washington, 1870, 
Atlas, plate 1] 

3C Le Neve Foster, ‘‘On the Great Flat Lode south of Red 
1uth and Camborne, and on some other Jin Diposits formed by 
the Alteration of Granite,’ Quait vour Geol S vol XxmY Pp 
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deposits of the Ulverston district (fig 51) and the brown 
hematite deposits (churns) of the Forest of Dean, which 
“_< iba a- fh 





Frio 5 —\crti al Section, Roanhead Mine A, Mountain Limestone , 
B red hematite , C sand and clay, D, gravel Scale aayy 


occupy irrezular cavities in the Mountain Limestone. These 

may have been formed by the peicolation of water bring- 

ing down iron im solution from overlying Tnassic rocks 

Other examples of masses yy 
4 


are the calamime deposits of 
Altenberg” (fig 6), Sardinia, 

and Lom) ardy, the iron ore WY 
deposits in Missourt, such 7 

as Iron Vic mtun and Pilot 


knob, the huge upright Fic 6 —Vertical Section, Alten 
necks or “pipes of dia berg B, slate d, dolomite, 
mantiferous rock in South ©, calamme, L clay 
Afnca and the granite decomposed 1 situ worked for 
ching clay in Cornwall 
Under this head also are included by most authors the 
socalled <stockworks” or “reticulated masses,” names 
apphed to masses of sedimentary or igneous rock which 
are penetrated by so many little mmeral veins as to make 
the whole werth excavating 


It must be un lerstood that we cannot expect nature to make 
distinct ln» cf demaication between the different kinds of 
deposits Thceu,h we may be able to see clearly that a seam of 
coal 1s cnt my 13neous with the enclosing 1ocks and that a vem 
intersectin,, 1« 1s of shale and sandstone was formed subsequently, 
cases frequent], oc ur where the origin of the mineral 1s uncertain 
Ton exam] we have the Icad beating sandstone of Mechernich and 
the silver } ain andstone of Utah The grams of sand ate of 
sedimentary 1,11 but opinions differ as to whether the lead and 
silver res] ectiveas woe deposited with the sand or wele intioduced 
subsequent 5 1} sclutions percolating thiouzh the beds In the 
case of th well hnown bed of Cleveland ironstone, Di Sorby 
considers that the iron was derived partly from mechanical 
deposition aul partly from subsequent chemical replacement of 
the omginails 1 }ositel carbonate of lime °® Furthermore a bed 
may be so fide 1 and contracted as to lose 1ts orginal sheet hhe 
form in ylaccs and assume the shape of an irregular mass This 
may happen even with a coal seam 4 

All hin ls cf dey osits are subject not only to wregulanties of 
onsin depen ent ujon then mode of formation but sip to dislo 
cations o: shiftings hnown as faults heaves o1 throws 

We willtal the case of a bed (fig 7) AB 1s a seam which ends 
cff suddenly it] whilst the continuation 15 found at a lower Jevel 
atCD = Ticbclwasevilently oncecontinuous buta fiacture took 
place alcng the lin V4. followel by a disylacement 45 2 rule 











Fig 7 
the porticn fro x cn the hanging wall side of a fault appears to 
have slid dowrwul but occasionally this 1s not so and we havea 


reversed fault fi, 8 It is very evident in some cases, that the 
motion took yla ¢ rot along the hne of greatest dip but im a dia 


1 Fr Vortz Wf Bes hrulirg ler B theisenerzlagerstatten 
von West Cunterian! unl North Laucashne, Stahl und Eisen 2 
Jahrgang N 12 juite vi 

7M Braun Ze tsche d d geol Gesellsch 1857, vol 1x anlA 
von Groddeck Die Lehre wn den Layerstutten der Eze, Leipsic, 
1879, p 242 

® Quart Jour Geol Soc, vol xxxv (1879) p 85, Anniversary 
Address of the President 

‘J Callor “Lectures on Moning, vol 1 p 68, and Atlas, plate 
wn fig 44 
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gonal direction, causing a displacement mdeways as well as down, 
wards Nevertheless, where beds or veins are not horizontal, a mere 
shift along the line of dip 1s sufficient to cause an apparent heave 
fig 9 Let AB and CD 


sideways This will be understood from 
represent two portions of a lode dislo 
cated by the fault EF The pomt B’ be 

corresponded orginally with B, and © pxfteseengacee: 
the dislocation was caused by a aun 

sliding of B along the line of dip BB’ 
An instance of the comphication caused 
by a succession of faults is shown in 
fig 105 


2 Prospecting, or Search for 
Mineral —The object of the pro 


Fig 9 


spector is to discover valuable deposits of mineral. This 
search 1s beset with many difficulties the outcrops of 





Fra 10 —Vertica) Section Penhalls Mine Cornwall G, G, G, small? 
veins called gossans in the St Agnes district 


mineral deposits are frequently hidden by soul, the nature 
of the deposit itself 1s generally entirely changed near the 
surface, and, in addition to this, the explorer may have 
to pursue lis work in trackless forests far away from any 
settlements 

The prospector seeks for natural sections of the rocks, 
such as occur 1n cliffs or 1n river valleys and their tributary 
gullies and gorges, he examines the materials constituting 
the river beds, often digging up and washing portions ma 
pan, in order to ascertain whether they contain traces of 
the heavy ores or metals If, while prospecting in a valley, 
he discovers stones that have the appearance of having once 
belonged to veins, he endeavours to trace them to their 
source, and i» perhaps rewarded by finding similar frag 
ments, but less water worn, as he goes up the stream , 
further on he may come upon large blocks of veinstuff 
lying about, and finally find the vein itself laid bare ma 
gorge, or at the bottom of a brook, or possibly projecting 
above the soil in the form of huge crags of quartz Thus 
at the Great Western quicksilver mime in Califorma the 
outcrop of the vem appears as a dike over 100 feet wide, 
and having precipitous sides in places 75 fect high © Loose 
pieces of veinstuff found lying about are known in 
Cornwall as shoad stones, and shoading is the term given 
to the process of tracking them to the parent lode 


The upper portion of a deposit 1s frequently much altered by 
atmospheric agencies, and bears little resemblance to the undecom 
posed bed or ven which will eventually be met with ata greater 
or lesser depth The sige difference consists in the change of 
sulphides into oxides or oxidized compounds Thus 1ron pymites, 
which 1s such a common constituent of mineral veins, 1s converted. 
into hydrated oxide of iron, and a vein originally consisting largely 
of iron pyrites and quartz now becomes a cindery mixture of quartz 
and ochre, known in Cornwall as gossan ‘This gossan, or tron 
hat, may often furmsh important indications concerning the nature 
of the lode itself, because such minerals as pyromorphite or cerus 
site pomt to the existence of galena, whilst melacomtc, cuprite, 


| malachite, and 1azurite are the forerunners of chalcopy nte 01 epee 
ue 


glance The gossan itself may contain a sufficicnt quantity of va 
able ores to be worth working 

The seams containing native sulphur in Sicily often show no trace 
of that element immediately at the surface, as the sulphur bear- 
ing hmcstone weithers into a soft white granular or pulverulent 


5 J W Pike, “ On some remarkable heaves or throws m Penhalls 
Mine, Quart Jour Geol Soc, vol xxu p 537 

6 Luther Wagoner, ‘‘ The Geology of the Quicksilver Mines of Cali- 
forma, Engineering and Vining Journal, vol xxxv p 884 
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a 
variety of gypsum, called briseale by the mmers, and considered 


by a ag affording important mdications concerning the bed 
it36 


Other signs of mineial deposits are given b and b 
certain plants dependent upon the depomt og its paneniel manele 
for part of their nourishment The appearance ot the so called 
lode lights may be explained by the production of phosphoretted 
nydroaee from the action of orgamie matter and water upon phos 
phates, which are so common in the upper parts of mineral veins 
and one hears also of differences in the appearance of the vegetation 
along the line of the deposit of places where snow will not ie in 
winter, and of vapours hanging over the ground Though some 
writers refuse to put any value upon these indications they should 
not be entirely overlooked, because the outcrop ofa lode of different 
nature and texture to the surrounding rocks and which 1s generally 
a channel for water may readily cause the phenomena just men 
tioned Where the surface 1s cultivated and the natural springs 
are tapped by adit levels or other mine workings these apy earances 
cannot be looked for to any great extent With one special 
mineral magnetic non the position of the deposit may Le tiacel 
out with some de,1ee of xcculacy with a dipping needle this 18 
used in Sweden 


After having acquired an idea of the position of a vein 
or seam by some of the surface indications just mentioned, 
it 1s necessary, before attacking it by shafts or levels, to 
obtain more certain data concerning it In the case of 
mineral veins, trenches are dug at mght angles to the 
supposed strike and, when the upper part of the deposit 
has been cut m several places, its geneial course and dip 
can be determined sufficiently for the purpose of arranging 
the future workings These trenches are called “costean 
pits mm some cases, instead of a trench, a pit 1s sunk a 
short distance and a little tunnel driven out 

Where the mineral to be wrought occurs as a bed or 
mass, the process of bormg 1s resorted to, and mdeed this 
method 1 also applied 1m the case of ves, especially in 
the United States Boring 1s a work of such importance 
that it deserves to be treated under a separate heading 

3 Bering with Reds and Ropes—Dramond Drills —The 
object of boring 1s to reach a deposit by a small hole and 
ascertain its nature, its depth from the surface, thickness, 
dip, and stiike Bore holes are also used for obtaining 
water, brine and petroleum, which either mse to the 
surface or have to be pumped up from a certain depth, and 
finally for tapping water in old workings or for effecting 
ventilation The methods of boring may be classified as 
follows —(1) borg with the rod, (2) boring with the 
rope, (3) boing with the diamond drill 

In the first method tools for cutting and removing the 
rock are fixed to 10ds, which are lengthened as the hole 
creases 12 de} th, and which are worked by hand or by 
machinery %t the surface Where the ground 1s soft such 
as sand or «lay tools like augers can be employed but in 
harder giound it becomes necessary to have 1c.curse to 
percussion various forms of chisel are used thu simplest 
being made cf the shape shown in fig 11 The rods 
generally consist of bars of square 
iron, from 1 inch to 2 inches on the 
side The length of each rod de 
pends upon the height of the towcr, 
derrick, or shears erected above the 
bore hole, which should be an exact 
multiple of the individual parts 
These are made im lengths of 15 to 4 
30 or rarcly 40 feet, and with a 
suitable tower it 1s possible to de fe 11 —Chids Fig 12 
tach or attich two or three lengths at a time, instead of 
having to make or unmake every joint The mode of con 
nexion usuily preferred 1s by & screw joint a9 shown in 
fig 12, care 1s taken to have all the joints exactly althe, 
so that any two barscan be screwed together In order to 


, 
BO XING | 





1 Lorenzo Parodi, Sull Estranone dello SYfo in Sula, 1878, 
pp 7 and 24 7 
* Berlo Jeitfaden eur Bergbaukunde, Berlin, 1978 1 °9 
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diminish the weight of the rods, which becomes consider 
able in deep holes, wood has sometimes been employed 
The rods are connected by male and female screws attached 
to the rods by sockets of sheet iron, or by a fork hke 
arrangement At the surface a head is screwed to the 
uppermost rod by which the rods can be lifted, and they 
are turned by means of cross bars called tillers 


When the depth 1s small the rods are lifted by hand and then 
allowed to drop, berg turned slightly at each lift so that the 
cutting chisel may sinke a new place each time For greater 
depths a lever has to be employed the rods bemg suspended at one 
en! whilst the other end can be pressed down by men using their 
hands or feet The spring pole is another arrangement, in which 
the elasticity of a long pole 1s made use of for lifting the rod at each 
stroke The length ot the stroke can be maintained the same while 
the bore hole 1s deepene 1 by means of a screw in @ swivel head at 
the top of the rod 

With deep holes, and especially those of laige diameter steam 
machinery has to be employed for working the rod_ the engine 
may be direct acting and stand immediately above the boie hole 
but a commoner arrangement 1s to employ a single actinz cylinder 
working a beam Occasionally also the beam is actuated by a 
connecting 10d worked by a crank 

‘ll actual boring machinery has now been described, and the 
mere | ong ay pears to be a very simyle matter consisting only in 
lifting the rod a hittle and allowing 1 to droy the rod being turned 
slightly before each stroke Nevertheless the process of putting 
Lown a bore hole 1s not so simjle as 1t seems foi there arc numer 
ous in lisj ensable accessory optrations which take up much time 
In the fust place the debns have to be removed and im order to 
cffect this the rois must be diawn up the swivel head 1s discon 
nected anlacipscrewedon A tegth of rods 1s now drawn up by 
a hand or steam windlass and disconnected It 1s well to have as 
many caps as there are lengths to be drawn up and then each tength 
can besuspcnded in the house Sometin esa grzp which catches the 
10d at the bulging joint 1s used instealofacap The next oj eration 
consists in lowe1ing by means of a rore the shell pr np or 
sli dger which 13 a hollow cylinder with a clack or 2 ball 
valve (fig 13) Itis worked uy ani down a hittle till it 1s 
flled and it is then drawn up and emptic 1 at the surfa e 

The operation 1» repeated if necessary and the boring 1s 
resumed with the rod 

Occasionally a bore hole has to be widened slightly wit! 

a toc] called a rearer Soft beds may have to be rorel 
thiou,h with a2 2 ible and unless the 1ocks are hari and 

firm the hole has to be lined with a tube generally of sheet 

iron Accidents may occur causing an Immense amount Fig 18 
of trouble such as the breaking of roils or chisel ani many in 
genious mj ements have been devis d for seizing the lioken rod 
or the fragments of tools which prevent further progress 

with the work 

In boun,, at considerable depths the weight of the 
rod becomes so great that much vibration ensues when 
the mass 1s suddenly anested by the chisel stuhing 
against the bottom of the hole Various devices have 
been contrived for overcoming this lifficulty and pro 
ducing a tool which will act independently of the ro} 

One of the best known arrangements 1s the free fallin. 
t ol invented by ‘\ind (fi, 14 4 The heal of the actual 
{ ring 10d 1s held by a clich or grapyle = when the main 
1 1 descends the resistance of the water in the hole 
shightl, stoys the shding lish D the jaws J Jopen the 
h aiis disengaged and the boring part falls and strikes 
the bottom without any injurious vibrations benz com 

tiunicatel tothe mamro] Whenthi tes enis farther 
the head is caught again by theclich Special tools also 
wc used for cutting an annulu groove at the bottom of 
a bore hole and bieaking off the cor. which 1s then 
liought up with certain jrecautions so as te Show the 
nature aid diy of the strata traversed 


In order to obviate the great loss of time which 
ensues from connecting and disconnecting long 
lengths of rods, recourse may be had to borg 
with the rope In this method, known as the 
Chinese method, the chisel is worked by a rope in Fu If 
the same manner as the sludger already described Messrs 
Mather and Platt of Manchester have long used with suc 
cess, in many parts of England and various othe ( cuntries, 
a system of boring by means of a flat hempen 10 

The most important modification of lat. yeus in the 














2J Callon, J-ctures on Bining vol 1, Atlas, plateix fig 52 
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Diamond process of making bore holes 1s the mtroduction of the 
dnt 


diamond drill The working part of the drill consists of 
the so called crown which 1s a short piece of tube made of 
cast steel, at one end of which a number of black diamonds 
are fastened into small cavities (fig 15) 


The crown 1s screwed on to wrought LA 
BZ 













iron pipes which constitute the boring _ZZzps=g7 
rod Machmery at the surface causes 7 J= 
the rod to rotate, and the result 1s the AAearg 






cutting of an annular groove at the Z 
bettom of the hole, leaving a core, 
which, breaking off from time to time, 
is caught by a hittle shoulder and 
brought up to the surface with the rod 
In places where it 1s not necessary) to 
make any verification of the rocks tra 
versed, the clown 1s airanged with 
diamonds in the centre also The 
debris, m either case, are washed away by a stream of 
water, which 1s forced down the tube and flows up the sides 
of the hole With this system a bore hole can be deepened 
continuously at a speed altogether unattainable by the 
other methods, which require stoppages foi cleanmg out 
Tt has the further advantage of making it possible to drill 
holes im any direction , and prospecting diamond drills are 
constantly used with much success inside many metal mines, 
especially in the United States 

Fig 16! shows the Little Champion Roch Dill which is largely em 
ployed in the Lake Superier district for Proapechng It can be used 
above or below zround Two inclined cylinders drive a honzontal 
crank shaft whic works bevel gear causing the diilltorevolve At 
the same time countershaft 1s likewise set in motion and this effects 
the advance of the lull ly gcarin, driving the feed screw as there 
are three kinds of gearmy the spee1can be varied at pleasure Tle 
feed screw and 1ts connexions are cained by a swivel head and this 
can be turned so as to drill holes at an angle The drum shown 
above the cylinders 1s used for hoisting out the dill rods by a rope 
The rods are lap welded 1:0n tubes 14 inchesin diameter fitted with 


a bayonct joint 
Another light portable } rospecting drill for underground wo1k 1s 


Mi 
‘Ss, 


Fic lo —Dian ond 
Dill 





Fig 16 —Little C1 uj on R ch Drill 


represented in fig 174 Itis intended for dulling holes 1} inches 
m diameter to a depth of 150 feet The cores a it yields are 
tae mndiameter It has double oscillating cylinders 84 inches 1n 
eter with 84 inches stroke which are run up to a speed of 800 
revolutions The dnl can be set to bore in any direction by 
turning the swivel head on which it is carried 
The larger rock drill used by thc Amercan Diamond Rock 
Borg Company for putting down hole toa depth of 2000 feet 
consists of a 20 horse power boiler with two oscillating 6 mch 
cylinders and the necessary gearing for working the all 


Fig 17 





1 Engineering and Mining Jour , vol xxxm p 119 
9 The, vol. xxx p 278 
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mounted upon a carriaze, so that the whole machine 1s readily, 
moved from place to ;lave The feed 15 eflected by gearmg or b 

| hydrauhe eeu a 23 inch crown 1s employed fisving a 2 tien 
core Each separate drill rod 1s 10 feet long The total weight of 
the machine 1s about 4 tons 


4 Breaking Giound— Tools Employed — Blasting by 
Various Methods— Machine Diills—Drinng Levels and 
Senkang Shafts —The kind of ground in which minmg ex 
cavations have to be carried on vanes within the widest 
limits, from loose quicksands to rocks which are so hard 
that the best steel tools will scarcely touch them 


{BREAKING ears 


Loose ground can be removed with the shovel but im Tools, 


the special case of peat sharp spades are employed, which 
cut through the fibres and furnish lumps or sods of con 
venient form for drying and subsequent use as fuel What 
is called favr, soft, or easy ground, such as clay, shale, 
decomposed clay slate, O 
and chalk, requires 
the use of the pick 
and the shovel The 
pick 1s a tool of very 
variable form, ac*ord 
ing to the matenal 
operated on Thus 
there are the navvys 
pick, the single pomt 
ed pick with a striking 
head at the other end called the poll 
pick (fig 18), and numerous varieties 
of the double pomted pick (fig 19), the 
special tool of the collier, but ako 
largely used in metal mming When 
the ground, though harder, 1s neverthe 
less “jomnty,’ or traversed by many 
natural fissures, the wedge comes into Fic 19 —Double 
play The Cornish tool known asa gad —-pomnted Pick 
1s a pomted wedge (fig 20) The so-called ‘ pick and 
gad work consists in breaking away the easy ground with 
the point of the pick, wedging off pieces with the gad driven 
in by a sledge or the poil of the pick, or prizing them 
off with the pick after they have been loosened by 
the gad The Saxon gadis held on little handle, 
and 1s struck with a hammer _It 1s used for wedg 
ing off pieces of jommty ground, and in former days \ 
even hard rocks were excavated by its aid The 
process consisted in chipping out a series of parallel 16 20 
grooves and then chippmg away the mdges left ~“ 
between the grooves Asa method of working thi» process 
1s obsolete, but it 18 useful on a small scale for cutting 
recesses (httches) for tamber, for dressing the sides of levels 
or shafts before putting in dams, and fo domg work 
mn places where blasting might imjure pumps or 
other machmery 

We now come to hard ground and 1n this class 
we have a large proportion of the rocks met with 
by the mimer, such as slate of various kinds, hard 
gnts and sandstone, hmestone, the metamorphic 
schists, granite, and the contents of many mineral 
veins Rocks of this kind are attacked by boring 
and blasting The tools employed are the jumper, 
the borer or drill, the hammer, the sledge (mallet, 
Cornwall), the scraper and charger, the tamping bar 
or stemmer, in some places the pricker or needle, 
the claying bar, the crowbar, and finally the shovel 
for clearing away the broken rock 

The jumper (fig 21) 1s merely a long bar of tron 
terminating in two chisel like edges made of steel, Fig 21 
generally there 1s a swelling nm the middle, and 
sometumes the jumper tapers all the way from the middle 
to the edge or bit The jumper is most commonly used 
when if 1s necessary to bore holes downwards, and ws 
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gely employed in quarries, occasionally it 1s used in 


boring holes horizontally, as for mstance in the salt mines of 


Cheshire The jumper 1s held im the desired direc 
tion, lifted up, and thrust down, it 1s turned a 
httle after each stroke 

However, the miner’s tool 1» generally the borer 
proper, or drill (fig 22), which isa bar of round or 
octagonal steel, usually from { inch to 14 inches in 
diameter, with one end forged into a chisel shaped 
edge, the exact shape and degree of sharpness 
varying according to the hardness of the rock 
The hole 1s bored by stnking the drill with a 
hammer or sledge and turning it after each blow 
Boring 1s said to be single handed if the mme "8 ™ 
holds the drill im one hand and strikes with the hammer 
in the other, whilst 1t 15 called donble handed when one 


man turns and an Fy 
other strikes The 
hammers for single WJ 
handed bormg usu 
ally vary in weight © 
from 2 to 6 or 7 b kic 23 —Sledge Ha mer 
The double handed boring hammer, or sledge (fig 23), 
weighs from 6 to 10 Ib or more If a hole is directed 
downwards, the miner pours in a little water and bores the 
hole wet From time to time he draws out the sludge with 
the scraper, a little disk at the end of a metal rod, and he 
takes a fresh borer when the tool he 1s using has become 
blunt The depth bored varies with the rock and the nature 
of the excavation, but im driving levels in the ordinary 
way the depth 1s commonly from 18 inches to 3 feet 

Holes for blasting are sometimes bored by tools hke 
carpenters’ augers One of the simplest, which 1s used in 
some French slate mines, is very like a brace and bit, and 
the tool 1s kept pressed agaist the 10ck by means of a 
screw fixed in a frame resting on the ground 

The pricker, or needle, 1s a slender tapering rod of copper 
or bronze, with a ring at the large end It 1s used for 
maintainmg @ hole in the ¢amping through which the 
charge can be fired The use of needles made of iron 1s 
prohibited in many countries, on account of the danger of 
their striking sparks which might fire the charge The 
tamping bar, or stemme?, 1s a rod of iron, copper, or bronze, 
or iron shod with copper, and it 1s used for ramming in 
dried clay, slate pounded up, or other fine matenal, upon 
the powder, and so crerting a resistance sufficient to make 
the gases generated by the explosion of the charge rend 
the rock m the manner required The claying bar 1s used 
for liming wet holes with clay, and so rendermg them 
temporarily watertight 

Shovels vary much 1n different distiicts In the south 
west of England the long handled shovel 1s preferred to the 
common one with a short handle, mm Germany the ore or 
1ubbish 1s frequently scraped into a tray with a sort of hoe 

In addition to these tools the miner requires an ex 
plosive, and a means of finng the charge at the bottom 
of the hole which will give him time to escape Twenty 
years ago gunpowder was the only explosive in common use 
in mines, but at the present day its place has been taken to 
a very large extent by mixtures containing nitro glycerin or 
gun cotton The powder used for blasting in mines usually 
contains less saltpetre than that which 1s employed for 
sporting or military purposes The following 1s an analysis 


of mining powder by Captain Noble and Sir F Abel — 

Saltpetre 61 66 © Oxygen 2 23 

Potassium sulphate 012 *° 059 

,,  chionde 014 Water 161 

Sulphur 15 06 —— 

Carbon 17 93 100 00 
Hydrogen 066 | 


1 ‘Qn Fired Gunpowder, PAw Trans, 1880, p 225 
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Gunpowder compressed into oylinders of diameters 
suitable for bore holes, and provided with a central hole 
for the msertion of the fuse, has lately been brought 
forward with some success 

Nitro glycerin or glyceryl mtrate 1s a hght-yellow oily 
hquid which 1s very sensitive to shocks , under the action 
of a fulmimating cap it explodes with great violence 
Its chemical composition 18 expressed by the formula 
C;H,(NO,),0, or (C,H,)3NO,, its specific gravity 1s 
16 It has been found so dangerous that its use by 
itself has been given up, but on the other hand the mx 
turc of nitro glycerin and infusorial earth (Kteselguhr)called 
dynamite or giant powder 1s now one of the commonest 
explosives met with It has the advantage over powder 
that it 1s far more powerful, that 1t may be used m wet 
holes or under water, that it is very effective even in 
ground full of “vughs or cavities, and that it requires no 
hard tamping, which 1s always @ source of danger Its 
plasticity too enables 1t to fill the space at the bottom of a 
bore hole, which 1s rarely a true cylinder, more completely 
than any solid cartridge can do One disadvantage is 
that t has to be thawed in cold weather, and there 1s also 
the fact that occasionally the whole of a charge of dyna 
mite fai's to go off, and unnoticed remnants have exploded 
and caused serious and even fatal accidents when struck 
with the pick or borer The danger is enhanced when the 
remnants have been left in contact with water, which causes 
a separation of the sensitive nitro glycerin, so that even a 
blow upon the adjacent rock may lead to an accident 1f 
any of the explosive oil has leaked into cracks The 
strongest dynamite contams about 75 per cent of nitro- 
glycerin, the rest bemg kieselguhr A newer explosive 1s 
blasting gelatin, 1t 1s made by mixing nitro cotton with 
nitro glycerm, until enough mtro-cotton has been dissolved 
to convert the mitro glycerm into a jelly hke mass The 
blasting gelatm in ordinary use contains no less than 93 
per cent of nitro-glycerin, with 7 per cent of nitro-cotton, 
and its strength 1s very great 

Gun-cotton per se 1s not much in favour m ordmary 
mining, but mixed with some nitrate or mixture of 
nitrates, such as the nitrates of barium and potassium, and 
known as cotton powder, tonite, and potentite, it 18 
employed extensively Though not quite so powerful as 
dynamite, nitrated gun cotton possesses the important 
advantage of not requiring to be thawed in cold weather 
As in the case of dynamite, accidents have been caused by 
remnants of charges , and with both explosives it 1s neces 
sary to examine carefully the bottoms of all holes after 
blasting, and to destroy any possible remnants by firmg off 
a detonator in any bottom or “socket which cannot with 
certainty be pronounced fiee from danger 


The commonest method of firmg a charge 1s by means Safety 
of the safety fuse, a cord containing a core of gunpowder fuse 


troduced during the process of manufacture, 1¢ may be 
rendered waterproof by tar or gutta percha 

In blasting in the ordinary way the chaige of gunyowder is put 
in either loose or enclosed in a paper bag and it is pressed down to 
the bottom of the hole with a wooden stich, whilst a piece of fuse 
also 1s inserted extending fiom the charge well beyond the hole 
If the powder 1s loose the mmer carefully wipes down the sides of 
the hole with a wet swab steck (a wooden rod with the fibres fray ed 
at one end), or with a wisp of hay twisted round the scraper in 
order to remove any loose giarns adhering to the fuse or the sides 
of the hole, and then presses in a wad of hay o pape: A little 
fne tamping often the dust fiom boring a diy hole 1» now thiown 
1m and rammed down with the wooden charginz stich and the same * 
hana is repeated, and when harder tamping 1s re juired the metal 

ris brought mto operation, until the hole 1s completely flied 

As the safety fuse burns slowly, at the 1ate of about 2 o1 3 feet 
a minute, the miner can secure ample time for retreat by taking a 
sufficient length It 1s usual to ignite the fuse ty a candle end 
fixed under it by a piece of clay, and it takes a little time for the 
candle to buin through the fuse 

The old plan of finnz a charge which 1 still in use mm many 
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places, consists 2 zserting the needle into the charge and then 
tamping up the hole Cate Js taken to diaw out the needle a little 
8 the tamping procceds s0 as to prevent too much force being re 
quired for its final w ithdrawal The small hole left in this way 
erves for the inscition of a straw, 1ush, o1 series of small quills, filled 
with tme powdu which hhe the tuse 1eaches from the charge to 
the outule A short squb which shoots a stream of sparks down 
the ne Ue hole 15 also uscd occasionally ‘The straw or squib 1s 
lighted Ly some hind of slow match, made either by dippmg 2 
cotton strinl in mclted sulphur or soaking a piece of paper or a 
lucifer mm the tillow of a candle, touch paper also 1s tek 
Dy nannie, blistmg gelatin, gun cotton, and cotton powder aie 
mud Ly the dctonation of a fulminating cap A long copper cap 
contain fulnunate of mexcury 1s fastened into the safety ie by 
suc with a pan of mppers, and 1s then inserted into a small 
cutidge of the explosive (pamer), and placed above the rest of the 
chaze Fig 24 shows a hole chaiged 
with two dynamite caltidges, a prumer 
with cap, and fillel up with water as 
tamjing Sometimes gun cotton 1s fired 
by a small charge of powder above it 
Several substitutes for explosives 
have been tued with the object of 
etting ud of the flame, which 1s 
ngerous mi collicizes giving off fre 
damp Amonz these may be men 
tioncd plugs of diy wood which swell 
when wettel wedges worked by ~ 
hydiauhe press, cartiidzes con- 
taining compicssed an at exticmely 
high yicssutes, an lastly cattridzes of compressed lime which ex- 
yan ls When W itt 1 brought ito it 


Fo: the purpose of firing several holes simultaneously, 
Messrs Bickfurd, Snuth, & Co, the original inventors and 
makers of the safety fuse, have brought out a new fuse 
(fig 25), the action of which | 
will be easily understood 
from the figure An ord: 
nary fuse is fixed into» 
metal case called the igniter 
from which a numba of © 
Instantancous fuses convey fire to as many separate holes 
It 1s found m practice that this fuse answers very well. 

Charges may be teadily fired smgly or sumultaneously 
with the aid of electricity, ether of high tension obtained 
from a frictional, magneto electric, or dynamo electric 
machine, or of low tension from a galvanic battery The 
former is preferred 


Fig 26 shows a scctton of one of Brains high tension fuses 
Ais a cylin tical wooden cise contaimmz a paper cartidge B, 













with an electiic igniting com osition C at the bottom Two 
coy per wires 1) D enclosed m yutta;crcha EE 1cach down to 
the composition, where they arc about 4; mch apart A copper 
cap or detonator G 1s fixed on to the small end of the wooden case 

The msulated wires D D are long enou,h toreach beyond the bore 

hole The enas of the wircs ate scraped bare, and one wire of the 
first hole 1s twisted *osether with a wire of the next hole, and so 
cn and finally the two odd wnes of the first and last hole are 
connected to the two wires of a single cable or to two separate 
cables, extending to some place of safety to which the men can 
retreat Here thie two cable wies are connected by binding screns 
to a fi ctional elortrical machine ot dynamo exploder _A few turns 
of the handle chuge a condenser, and by pressing a knob or by 
some othe: device the circuit 1s completed and the discharge 
effected ‘The cluctuicity passes through the fuse wires making a 
spark at each bieah ani so fring the electric igmting composition 

The flame flashes throush the hele H, and ignites the fulminating 
mercury I, the detonation of which causcs the explosion of the 
dynamite, blasting gelatin, 01 tonite surroundiug the (ap 


One great advantage of electric firmg 1s that the miner 
can retire to a perfectly safe place before attempting to 
explode the charge This 1s important in sinking shafts, 
where the means of escape are less easy than in levels, 
A second advantage 1s “hat there 1s no danger of a “hang 
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fire,” an occasional source of accidents with the ordin 
safety fuse. 


One of the greatest improvements in the art of miming Mvehine 
during the last few years has been the mtroduction of nll 


machmery for boring holes for blasting, most of the 
machines imitate percussive boring by hand, but a few 
rotary machines are also in use A percussive dnl or 
perforator consists of a cylinder with a piston to which 
the drill 1s fastened Compressed air 1s made to act 
alternately on each side of the piston, and in this manner 
the drill receives its reciprocatmg motion Vanous 
arrangements have been adopted for securing the automatic 
rotation of the drill In some cases also the advance 
forward of the machme, as the hole 1» deepened, 18 also 
effected automatically , but m many of the best drills this 
work 1s left to the man in charge It 1s ampossible within 
the limits of this article to descmbe the various drills now 
In use, or even to make a complete enumeration of them. 


The following, in alphabetical order, are the names of some of 
the best known drills —Barrow, Beaumont, Buleigh, Champion, 
Commish, Cranston, Darlington, Desideiatum, Derng Dubois 
and Fiangous, Dynamic, Echpse, Excelsior, Feoux, Frohlich, Inger 
soll, Laxey, Machcan, Osterhampf, Rand, Roanherd, sandycroft, 
Schram An account of two of the simplest the Batrow and the 
Darlington ditlls, will be sufficient to give a gencial idea of the 
construction of these machines 

“The Barrow dull (fig 27) consists cssentially of a gun metal Bar 

D 





cylinder C about 2 feet m length and 4 inches in diameter, in 
which works a cast steel piston-1od D, fitted with two pistons G, 
about 12 inches apart, nud way between which 1s the tappet, or 
boss, G Ina valve box on the top of the cylinder 1s placed the 
oscillating slide valve H (shown seprrately), hinged at M, which 
1s worked by the reciprocation of the tappet G commg m con- 
tact with its lower edges, which for this purpose are formed with 
two slopes at each end, as shown It has ports correspondin 

mith openings in the slide valve face fo. admitting the fres 

team ot compressed an fiom the inlet prpe I (fig 28) to the 
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ports 7 at each end of the cylinder, and for letting the spent or 
exhaust air or steam escape by the exhaust pipe J This ample 
arrangement constitutes the whole valve guar of the machine, 
“‘The borer 1s inserted into a hole formed in the fore end of the 
iston rod, and 1s fixed therein by means of a screw Its rotation 
is effected by hand, by means of the handle D, turning a spindle 
D’, which 18 so fitted by means of the cotter d, made fast in the 
piston DG, and fitting m a slot m the spindle D, that the latter 
can slide m the piston DG, but when turned by the handle causes 
the piston totun withit The spindle D has a pinion E gearing 
into the pinion F, on the adjusting and feeding screw C’, so that 
when the piston D 1s turncd by means of the handle D” the 
cylinder C is simultaneously pushed along the bed plate A These 
pinions can be easily disconnected by loosening the nut f, and thus 
the piston and the adjusting screw can be turned independently of 
one another when required 
“The borers used are respectively 1} mches, 14 inches, and J uch 
in diameter, the length of the stroke 4 inches, and the maximum 
number of blows about three hundred per minute. The air is 
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bought down about 400 fathoms from surface, at a pressure of 50 to 
5 Tb to the square inch, 1n wrought iron pipes 2 inches 1n diameter in 
the shaft, and 14 mches mm the level, and aaentted through a flexible 
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tube mto the milet I on the left hand side of the cylinder The cost 
of the pipes 1s rather under 7d_a foot, or about 83 3d_ per fathom 
The arr 1s or eee at the surface by a 14 ich compressor, worked 

orizontal engine, capable, however, of working two 


by a 12 inch 





deale, figs 
i 


8 


9 


6 


oto 
Toches 12 0 


ING 447 


machine drills The gross weight of the machme, cluding the 
bed plate and gudgeon, 1s about 115 tb ’ 

‘Lhe method of fixing the machine for work 18 as follows —‘' The 
bed plate A of the machine 1s formed with a gudgeon A which fits 
into, and can be adjusted to any position in, a sochct formed im or 
ona clamp B which can be fixed on any part of the wrought iron 
bar or column B, thus forming a universal jot This ba: or column 


29 30 


1 Fee 


Fia 29 —Side Elevation of Darlington s Rock Drill —Scale 4 


can be placed in position either horizontally or vertically, as may 
be most convenient, but 1s genevally placed across the level against 
the sides of which it 1s secured by means of the clamp L, and 


| 


adjustins screw Mf and clans N and N~ If ncessary woolen 
wedges O, O are diiven in between the claws an | tle wall to make 
itstill firma The weight of the bar is about 120i 





Fic 30 ~Horizontal Section of Darlinzton s Roch Drill —Scale 7,5 


Air-compresaing plant of greater size has now been s1ected at | 
Dolcoath mine, to which the above descnption refers At Snail 
beach mine in Shropshire they have two au compressors of 18 inches 





diameter and 5 feet stroke , the aur-main 1s at firet 9 inches in dia- 
metei, then 6 inches, whilat 2 inch gas pipe 1s used in the levels 
A rock dnl which has done, and is dome, excellent work is that 


ot Mr John Dulington 
refuting to figs 29, 30, and 81 a@isthe cylmk 0 the 1 1ston rod, 
uthe borer d,d are two openin,s for bring in comy essed arr, 
either of which may be usel wording tothe p tinct the dnl, 
¢1s the inlet how with a stoproca, fdr) holla 7 stuctcher bar, 
A piston, g rifled bar for tumin, piston and dul 7 ratchet wheel 
attached to 1ifled bar 7 rifled nut hxed m the ys onlea —-t Wood 
for lessenmg werzht of yiston rod and blochin, ,@ x portway tor 
allowing the compressed ait to pass to the top of the | iston and give 
the blow, o exhaust portway ‘The action of the uill1 a» tollows 
The compressed air is alwa\s acting on the unde side of the piston, 
and when the upper side of the prton communicates with the outer 
atmosphere the }iston motes rapidly bachwar ls and uncovers the 
portway x The compressed ait rushes through and } 1es-es against 
the upper aide of the 1 1ston, which has a greater area than the lower 
side, the difference being equal to the area of the piston od = The 
piston 1s driven rapidly downwards and the drill strikes its blow 
At the same time it uncovers the exhaust port and then the con 
stant pressure on the annular area on the undcisi le of the piston 
roduces the return stroke The number of blows per minute 1s 
m sit hundred to eight hundred The 1otation of the dil is 
effected by the mfled bar On the down stroke ot the piston the 
bar with its ratchet wheel 1s free to turn under a couple of pawls, 
and consequently the piston moves straight whilst the bar and 
ratchet wheel turn en the up stroke is being made the rat het 
wheel is held by the pawls and the piston 1s forced to make part af 
a revolution As the hole is deepened the cylin ler 1s advanced 
forwards by turning the handle y, this work an cn lleos screw q 





1 Proc Mining Institute of Corntoadl, vol 1, 1877, p 12 
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passin,, through a nut attached to the cylinder » 1s the cradle 
carrying the feed screw and supporting the cylmder It 18 centred 
on the clamps As thas clamp can be hxed in any position on the 
bar, and as the cradle can be turned on the clamp it 1s evident 
that holes can be b 1¢d nm any direction 

In driving @ level with the Darlington drill it 1s usual to fix the 
stretcher Lar horiontally across the level so as to command the 
upper part of the fie holes can then be bored with the aadle 
above he bar or below it Ihe bar 1s then shifted low enough to 
bore the bettom holes It 18 found that all the necessary holes can 
be bored from two positions of the bar The bar therefore has 
sunply to te fixed twice, the alterations in position for boring holes 
in various directions are managed by shifting the clamp on the bar 
aud turning the cradle on the clamp Fig 31 shows the stretcher 
lar fixed m a vertical position which 1s sometimes convenient 

In order to clear out the sludge fiom holes that are oe 
downwards ajetof water suy plied from e hose attached toa hal 
un h gas pipe leading from a cistern t a higher level, 1s made to 
j lay nto the holes aia the process cf Loring 

lor sinking shafts Mr Darlington has the dull fixed in a cylin 
diical case with a large external thread which wotks ina nut on the 
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one has done its work, in fact he regulates the position 
and depth of each hole by the particular circumstances of 
the case Though a vein andits walls may be hard, there 
1s occasionally a soft layer of clay (DD, DD, fig 33) along 
one wall (dig, Cornwall, gouge, United States) The 
miner then works this away with the pick, and, having 
excavated @ groove as deep as possible, he can now blast 
down the lode by side holes and so push the level forward 


In sinking @ shaft a similar method of proceeding 1s Smking 
observed A little pit (sk) 1s blasted out im the most shafts 


convenient part, and the excavation 1s widened to the full 
size by a succession of blasts, each hole being planned 
according to circumstances This series of operations 18 
~epeated, and che shaft 1s thus gradually deepened. 

Where bong meachme:y is employed, less attention, 
ard sometimes no attention, 1s paid to natural jomts, 
because when once the drill 1s in its place it 1s very little 


Camp iedull1 fed {> wads by turmng a hand wheel atta he! trouble to bore a few more holes, and the work can then 

ae ae be carried on according to a system which 1s certain of 
Rotating Rotatin, machine drills are also used in mines as well effecting the desired result 
dniis as those with percussive action Stapf pointed out some | A common method of procedure for hard ground 1s Driving 


years 4,0 that, if a rock may be chipped off by power com 


shown in figs 34 and 35 Four centre holes are bored !¢ 
municitcd by a blow, 1t may also be chipped off by a similar 


ve] 
ith 
about a foot apart LZ mach 16 
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amount of powcr communicated by pressure Brandt 
rotatury borg machme consists of a hollow borer which 
has a stecl crown with cutting edges screwed on The 
tooli kept tight against the 10ck bv the pressure of a 
column cf water, and 1s at the same time made to rotate 
by two little water pressure engines, whilst a stream of 
water jassing down through the borer washes away the 
debris and keeys the cuttmg edges cool In principle, 
therefore, this drill resembles the orginal diamond bormz 
machine of De li roche Lolay and Perret, save that the 
crown 1s made of stecl and not of diamonds During the 
last few years it has been tried with success in railway 
tunnels and in mines Jarolimeks drill! acts also by 
rotation but the borer 1» fed forwards and pressed against 
the 10ck by a differential screw arrangement The machine 
can be worked by hand, or by a httle water pressure o1 
compressed air engine or an electiomotor In working 
curtain minerals occurring in seams the undercutting may 
be performed by machmes similar to those used in coal 
mines (sce vol vi p 68) 

We now come to the application of the tools and machine 
drills to the purpose of breaking ground for driving levels 
and sinking shafts 

A level or drift is a more or less horizontal passage or 
tunnel, whilst a shaft 1s a pit either vertical or inclined 
In driving a level by hand labour in hard ground, the first 






at first, but con 
verging till at a 
depth of 3 feet 
they are within 
6 inches, or less, 
of each other 
Other holes are Z 
then bored around ” 
them until the "eo 
end 1s pierced by twenty or thirty holes in all 


Hdd 
Fig 35 


The four 
centre holes are then charged and fired simultaneously, 
either by electricity or by Bickfords instantaneous fuse, 
and the result is the removal of a large core of rock 
The holes round the opening are then charged and fired, 
generally in volleys of several holes at a time, and the level 


is thus carried forward for a distance of 3 feet If the 
ground is more favourable fewer holes are required, and 
they may be bored deeper,—in fact as much as 6 feet in 
some instances Occasionally the four centre holes are 
directed so that they meet at the apex of an acute pyramid, 
and then, after all have been charged with blasting gelatin, 
only one of them receives a primer and cap , the shock of 
the explosion of one charge fires the other three adjacent 
charges simultaneously The preliminary opening 1s not 
necessarily made im the centre of a level, and sometimes 1t 
1s blasted out in the bottom or one side 


drills 


thing the mmer has to do 1s to take out a cut, re, blast 
out a preliminary openmg in the “end or “ forebreast 
The position of this cut 1s determined by the jomts, which 


In sinking shafts by boring machinery operations are conducted Sinking 
much in the same way as in levels, save of couse that the holes sl afts 
are duected downwards Tugs 36 and 37 are a section and plan of with 


ft which 
the miner studies carefully s0 as to obtain the greatest — faa. ae 7 ZY Yy fe 
advantage from these natural planes of division ‘Thus the Foxdale mies lll 





fig 32 shows a case in which, owing to jomts, 1t was 1m the Isleof Man 

i fale are bored in PERSO ae 
holes are bored in ZAVAMALTN 
the bottom of the G44 Gy 
shaft before the YY Wy Yi J —Y 
diills are removed YU; Y ' 
two of the holes 7 Wj YY 
A, B, and occasion ‘ UY; Yo 
ally four, ale bored Tag 36 Fg 87 


only 4 feet deep, 
and are blasted with ordinaiy fuse They serve simply to smash 
up and weaken the core, then the six holes nearest the centre, 
which are 8 feet deep, are blasted all together with Bickford a 
instantaneous fuse, and the result 1s the removal of a large core 
leaving a deep sn& The remaining holes are fired in volleys of 
four at a time in the ordinary way In this manner the shaft, 
which 18 in hard granite,1s being deepened atthe rate of 84 or 4 
fathomsa month Tonite 1s the explosive 

are machines have been invented and yged for driving levels 
Without blasting Some cut up the face into small chips which can 


Fig 32 
advisable to begin with a hole No 1, and then bore and 


Fig 38 


blast 2, 3, and 4 one after theother The miner as a rule 
does not plan the position of any hole until the previous 


! Oesterrehseche Zetschrifi jur Bors und Huttenwesen, 1881. 
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easily be removed, but they have not made their way at present 
into min The Bosseyeuse of MM Dubos and Brangus 
acts on a different principle It 18 a strong machine worked by 
compressed air It first of all diills holes 4 inches in diameter by 
percussion , a striking head 1s then substituted for the drill, and 
wedges, on the principle of the plug and feathers are mserted into 
the holes, and powerful blows with the striking head wedge off the 
rockin lumps This machine 1s being used with success in Belgium 
for driving levels and crosscuts 1m fiery mines 

Some comparative experiments between hand labour, a percussive 
drill, anda rotatory drill have lately been made in one of the 
Freiberg mines, and the results are of much interest. and umport 
ance e actual figures are as follows, the cost including 1n the 
case of the machines, interest, depreciation, and cost of 1¢} airs, and 
cost of steam power, supposing water power not available — 


Pa: MENT OF MINERS | 


Hand | Schram s| Brandt s 


boring | Drill Dn 
Distance driven per week (in meties) 09 45 00 
Cost in marks per metre dilven oe tae 74 34 
Wages realized by the miners in maiks per8)|185to | 348to 
hous shift } 205 3 66 3 76 


The advantages of machine work are very mahed indeed both 
as regards rate and cost of driving and wages earned by the men 
Brandt s rotatory drill did its work cheaper and faster than Schram s 
machine, but nothing 1s said im the o1iginal notice of the advantage 
of a machine driven by compressed an tor ventilating workings such 
as advanced headings 1n which these drills are employed 

Biandt s machine was worl ed with water at a pressure of 834 
atmospheres, of which 56 6 atmospheres were obtamed by pressure 
pumps provided with an accumulator and 26 9 atmospheres by , 
natural fall, owing to the working level bemg 277 metres below | 
the pumps The water was conveyed to the machine in non pipes 
of 4 inches diameter inside The diameter of the holes bored was 
2} inches and they could be bored in gneuss at the rate of 14 inches 
per minute The stretcher bar on which the machine 1s carned 
1s hollow and has a piston which can be forced out by hydraulic 
pressure so as to fix the bar firmly A simular bar 1s sometimes 
used with percussive drills ? 

As a method of breaking ground the ancient process of fire setting 
requires to be mentioned Before blasting was known 1t was largely 
employed, but 1ts use 1s now confined to a few places on the Gon 
tment where the rocks are exceedingly haid and where wood 1s 
abundant and cheap Piles of wood are heaped up against the face 
of the workings and set on fne On returning to the working place 
two or three days afterwarls when the rocks have cooled a little 1t 
1s found that the ground has split and flaked off and that much has 
been loosened which can be removed by the zich and wedge 

We finally come to water as an agent for removing rocks 
Streams of water were formerly used m South Wales for working 
beds of clay ironstone at the outcrop The water washe i away the 
clay and shale and left the clean nodules of sronstone The china 
clay of Cornwall 1s also worked by water a stream of water 1s 
turned on to the soft mass and the workman loosens the ground 
with a pick the water caries off the particles of decomposed 
rock in suspension to regular settling pits Water under pressure 
has rendered vast services to the miner in working autfeious 

alluvia The system is described and figured at p 746 of vol x 
so it 1s unnecessary hete to cnter into details In the special case 
of salt mincs recourse may te had to the solvent action of water 
directed by suitable jets for making excavations 


5 Pronceples of Employment of Vining Labour —As a 
large proportion of the expenditure in mining 1s for actual 
manual labour, 1t 1s very important that means should be 
taken to prevent any waste in this department Three 
principles are 11 vogue—payment by time, by work done 
either measured or weighed, and by the value of the ore 
extracted 

The overseers, called captains in many metal mines are 
naturally paid by the month, and where strict supervision 
can be exercised, such as 1s possible at the surface, on the 
dressing floors for instance, the same principle may be 
adopted , but when men are working underground, and 
eften in small gangs of only two or three persons at some 
distance apart, plecework of some kind 1s more economical 
and satisfactory in every way 

In driving levels and sinking shafts 1t 1s usual for the 





1 Jahrbuch fur das Berg und Huttenwesen vm Rony eihe Sacl sen 
auf das Jahr 1882 p 18 and abstract m Proc Inst Cw Ey, 
vol Imx , 1881 82 partim p 51 

~ Annales aes Mines, ser & u, pl 1, fig 6, 1882 
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men to work at a certain price per running yard or fathom 
The agents have to see that the excavation, whether shaft 

r level, 18 mamtained of the full dimensions agreed upon, 
and preserved in the proper direction At the end of a 
vertain time, generally a month, the work 1s measured by 
the agent From the gross amount obtained by multiply 
ing the price by the number of fathoms driven or sunk it 
is necessary to deduct the cost of the materials supplied to 
the men by the mining company, such as explosives, steel, 
candles, &c, and the remamder 1s divided among the 
persons who took the contract When the useful mineral 
is bemg obtamed the men may be paid at so much per 
subic yard or fathom excavated, or at so much per ton of 
mineral extracted, the overseer of course has to see, 
his latter case, that worthless rock 18 not sent to the 
urface Payment by the number of inches bored 1s a 
method in use in some countries, where the men are not 
experienced or enterprising enough to undertake the work 
in any other way A foreman points out to the men the 
position and direction in which the holes must be bored, 
measures them when completed, and subsequently charges 
and fires them 

The third method 1s that which 1s known as the tribute 
system The miner working on tmbute 1s allowed to 
speculate upon the value of the ore im @ certain working 
area assigned to him and called his ytch He gives the 
mining company all the ore he extracts at a certain pro- 
sortion of its value, after he has paid all the cost of break 
ing it, hoisting it to the surface, and dressing it Thus, 
supposing he takes a pitch at 5s in the £, and produces 
marketable copper ore of the value of £50, his share will 
be 50x 5s = £12, 10s, less the cost of the matenals he 
has been supplied with, and all eapenses for winding, 
dressing, sampling, dc 

6 Means of Securing Excavatwns by Timber, Lron, and 
Masonry —The following kinds of timber are those most 
frequently employed for securmg excavations underground 
oak, larch, pitch pine, spruce fir, and acacia In many 
mines the timber 1s attacked by dry rot, which gradually 
renders it useless, and when the timber has often to be 
renewed the expense may be very considerable Various 
methods of preventing dry rot have been tried with more 
or less success, such as letting water trickle over the timber 
n the mine or treating 1t with preservative solutions 
beforehand Brine, creosote, and solutions of chlonde ot 
zinc, sulphate of zinc, sulphate of copper, and sulphate of 
iron increase the duration of timber It was found by 
experiments carried on at Commentry during a long series 
of years that one of the best plans was to soak the timber 
for twenty four hours in a strong solution of sulphate ot 
iron The total cost was only $d per yard of prop, whilst 
the timber lasted eleven times as long as when this simple 
treatment was omitted 

Timber is used 1n various forms»—either whole ind merely 
sawn into lengths, or squared up, or sawn in half, or sawn 
into planks of various thicknesses 

Where the roof of a bed is weak 1t may be kept up by simple 
props but m some coal —— 
minesand clay minesabettcr 
sup} ort 1s obtamed by lo,» 
(hacks) laid two by tno 
crosswise (fig 38) 

Though a level is an ex 
cavation of a veiy simple 
niture the methods of tim 
being it vary considerably, 
because the parts requiring 
suj port may either be the 
rot alan, or the roof and one or two sides, or the roof, sides, and 

ttom 

If the roof only 1s weak as 1s the case with 2 soft lode betwein 


two hard walls a cap wth a few boards rusting on it (fig 89) 1s 
| sufficient to prevent falls If one side 1s : eak the cap must be 
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supported by a side prop or leg (fig 40), and very often by two 
et The forms of jomt between the cap and leg are numerous 





Fig 39 Fig 40 
(fiz 41), depending to a great extent upon the nature of the pres 
aure, Whether coming upon the top or sides With round timber 


the top of the leg 1s se 


sometimes hollowed 
as shown 1n fig 42 
A but occasionally 
the jot 1s flat and 
a thick nail, or zog, 
1s put m (hg 42 B) 


ne 


Tig 41 Fig 42 


to prevent the effects of side pressure, or, bette, a piece of thick 
oor of a level 


plank 18 nailed under the cap (fig 48) 
13 soft and weak, a 
sole piece or sell be 
comes necessary, and, 
if the sides or roof are 
likely to fall in a 
hing of poles or 
planks 18 use (tig 43) 

In some very heavy TAL 
ground in the Com a\\\\\ : 
stock ne . oe A Pe 
system of timbering 1s 
io ited (fig 44) : Rg & Fig 44 

if the ground 15 loost, so that the roof or sides, or both, will run 
-n unless immediately supported, the method of working called 
sptllang or poling 1s pursued It consists m supporting the weak 

rts by boards or pele hept in advance of the last frame set up 
Phe poles or boards rae 
(laths) are driven 
forward by blows 3 
from a sledge, and 
the ground 18 then 
worked away with 
the pick, a8 soon as 
a sufhcient advance 
has been made a new 
frame is set up to 
support the ends of 
the poles or boards 
and the process 1s 1¢ 
peated (igs 45 and 
46) In running ground it 1s necessary to have the laths fitting 
closely toguther, and the working face also must be supported by 
breast boards hept in place by little struts resting agaist the flame 
These are removed and advanced one by one after the laths in the 
roof and sie have been driven beyond them 

On account of the high price of timbcr, iron 1s sometimes em 
ploved in its place One method 
in use in the Harz consists in 
bending a rail into the form 
shown in fig 47 and making it 
sah other rails laid longi 
tudinally 1ainst which flattish 
stones uc laced the vacant 
spaces aie then filled with 
rubbish 

Masonry has long been used for 
suppoiting the sides of mining 
excas ations The matenals 
necessary are stoic ot linary 
bricks, 01 slag bricks and they 
may be built up alone (dry at Kis 47 
walling) o1 with the aid of 7 
mortar or hydraulic coment The bcttcm of a level 1s occasionally 
lined with concrete to cary a large stream of wate: which other 
wise might run into lower workings through ci ks and crevices 
Dry walling 1s not uncommon, and 1t may be combined with the 
use of timber (or iron) as shown im fig 69 in which a level 18 
mnaitaincd between two walls hecping back a mass of rubbish 


Where the 
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48 and 49 show methods of securmg a dnift by arches whet a 
-w~ has been removed. 
The timbering required for shafts varies according to the nature Yymber- 


ing for 





f 
hig 48 Fig 49 
of the ground and the swe of the excavation A mere lining 
of planks set on their edges (fig 50) sufhces for small shafts, 
corner pieces being nailed to keep the successive ~—= 
frames together In some of the salt mines of 
Cheshire the shafts are lined with 4 inch planks 
united by mortice and tenon joimts 
The usual method of securing shafts is by 
sets or frames Each set consists of four pieces, Fig 50 
two longer ones called wall nlates and two shorter ones called end 
preces They are joined by simply halving the tamber as shown 18 





Fig 51 
fig 51 A mote complicated joint (fig 52) 1s often preferred The 
separate frames are hept apart by coiner pieces (.twddles, Cornwall , 
jogs Flintshire), and loose Bevan is prevented from falling in by 
boards or poles outside the frames 

As shafts are ficquently used for the several purposes of pumping, 
hoisting and affording means of ingress and egress by laddets, 1t 
becomes necessary in such cases to divide them into compartments 
Pieces of timber aay to the end pieces (buntons or devdings) 
are fixed across the shaft, and serve to stay the wall plates and 
cany the pune as well as to support planks (casing boards) which 
are nailed to them so as to form a continuous partition or 
brattice The magnificent timbeiing of some of the shafts on the 
Comstock lode 1s desctubed by Mr James D Hague as follows '— 
‘The timbering consists of flamed sets or cmbs of square timber, 
placed horizontally, 4 feet apart, and separated by uprights or posts 
introduced between them Cross timbers for the partitions between 
the compartments form a part of every set The whole 1s covered 
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Fig 54 
on the outside by a lagmng of 3 inch plank placed vertically ” Figs 
53, 54 and 55, copied from Mr Hague s plates, illustrate this method 


kig 55 
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of timbermg Fig 58182 plan or the shaft “8, S ae the long: 
tudinal or sill timbers, T, T the transverse end tumbers, P partition 
timbeis, r guide rods between which the cage moves, g gains cut 
in the sill timbers, to recerve the ends of the posts The sheathing 
or lagging 1s seen enclosing the whole frame ’ Fig 541s a trans 
verse section though the Fda P of fig 53, ‘‘between the 
umping compaitment and the adjommng hoisting compaitment, 
ooking tow the latter In this figure, G, G are the posts, § 
the sill timbers, P the partition timbeis, the ends of which are 
framed with shoit tenons that are reccived in gains cut m the sill 
timbers and the ends of the posts, r guide rod, 7 lagging or 
sheathing Fig 55 1s an end view of the fiame shown m fig 
53 ‘<The single piece T forms the end, while the double pieces P 
forming the partitions are seen beyoud ‘‘The outer timbers of 
each set, that 1s, the two sides and ends of the main frame, ate 
14 inches square, the posts, ten in number, fom at the comcas 
and two at each end of the three partitions, aie of the same size 
The dividing timbers, forming the partitions, are 12 inches square 
When ground 13 loose or running, recourse must be had to a 
spilling process like that desciibed for levels Stiong balks of 
timber aie fixed at the suitace o1 1n solid ground, and then the first 
frame is hung f1om these bearers, wid each successive frame from 
the one above it Iron bars with cottes may be used for suspend 
ing the sets, but on the Comstock lode each bolt 1s made mm two 
sa with a tightening screw in the middle, and the sets can thas 
@ kept very fumly toszether ‘The laths are driven in advance, in 
the manne: explained in the case of Jevcls, and a new fiame 1s} ut m 
as soon as the excavation has becn suffiuiently deepened within the 
protecting sheath of boards In very unstable ground it may be 
ne essary to put in the frames touching each othe, so that the 
ra u becomes encased in a solid box of timber, occasionally 14 ches 
1 
Like levels, shafts may be lined with masonry or brickwork, and 
these have the advantage of being far morc permanent than timber, 
and of requimng fewer 1epairs This kind of shaft hming 1s 
especially desirable in the loose ground near the surface, because, if 
the working 1s discontinued temporarily, the shaft still :emains 
secure and available for use at any future time, whereas 1f timber 1s 
put in it often decays, the top of the shaft collapses, and much ex 
pense 1s incurred in the process of reopening 1t The section of the 
shafts that aie walled 1s generally cucular as affording the best 
resistance to pressure, but elliptical walling 1s also met with 
Another shape 1s like a rectangle save that the sides, mstead of 
being straight form curves of luge radius The walling may be 
diy or with mortai, acconding to cucumstances 
The masonry 1 put 1n either 1m one length or in successive por 
tions 1n descending oidcr, and this is the usual plan The shaft 
15 sunk a certam depth, with temporary timbermg if necessary, 
and when firm ground has been 1eached a bed 1s cut out round 
the shaft and on this 1s rae a ciib o1 cmb AB (fig 56)! con 
sisting of segments of timber which form ¢gg 
aung This serves for a foundation for Y 
the buckworl, which 1s built up to the a 
surface, the temporaly timbeiing 1s 1¢ 
moved, and the space illed up with earth 
or concrete Sinking 1s then resumed 
below the curb, and for a certain distance 
ot a smaller diameter, so as to leave a x 
bracket or ledze, tosupyort the firstcurb 
On arniving after 1 certain depth of sink 
ing, at another firm bed, a second curb 
CD 1s put m and a portion of brickwork 
built up When the ledse of rock 1s 
reached 1t 1s carefully removed in small 
sections and the brickwork brought up “jh 
to the first curb Lhis proccss is repeated “yr 4E 
till the shaft 13 completed, o1 rcaches 10h 
in which no masonry 1s requisite If 7 
owing to the nature of the giound, it * 
1s impossible at first to fin] a fm seat _ 
for the curbs, 1t becomes nucssiry to hang Fig 50 
them by non bolts fiom strong beaimg frame at the surfice 
When shafts pass throuzh vi1y watuy strata it 1» most dest able 
to stop all influx mto the mime for the purpose of saving the 
heavy expunse of pumping The manna m which this 1s cflected 
by a watertizht hming, known 14 tubbing, 15 described im the article 
Coat, vol ¥1 p 62, where will also be found an account of liger s 
plan of sinking shafts with com) ressed an, and the vay successful 
method of boring shafts thiouzh wate. bearmg ground invented by 
Messrs ind & Chaudron 


7 Explodatn, or Workiny Auay of Veins, Beds, and 
Masses —We have described how shafts are sunk and It\cls 
driven, and we now come to the processes employed m 
removing the mineral 
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The deposit must first of all be reached by a shaft, or, 
where the contour of the country permits 1t, by a level 
In the case of a vem an exploratory shaft 1s often sunk on 
the course of the lode for 20 or 30 fathoms, and, if the 
indications found in a level driven out from this shaft 
wairant further prosecution of the mine, a first working 
shaft 18 sunk to intersect the lode at a depth of 100 
fathoms or more from son 
the surface  Crosscuts 
are then driven out at 
intervals of 10, 15, or 20 “ 
fathoms to reach the lode, - 
as shown In fig 57, which wae 
represents a section at ~\ 
right angles to the hne 
of strike Sometimes the 
main shafts are carried 


down all the way along , 
the dip of the deposit, Ti 







though perpendicular 

shafts have the advan = 
tages of quicker and 
cheaper winding and 
"sr pumping, to say 


Fig 57 
nothing of the possibility of utilizing the cages for the rapid 


descent and ascent of the mmers If an inclined shaft 
appears to be advisable, great care should be taken to sink 
it ina straight line In either case levels are driven out 
along the strike of the lode as shown 1n the longitudinal 
section fig 58, m the hopes of meeting with valuable ore- 





Mig 58 
bodies such as are represented by the stippled portions of 


the figure For the purpose of affording ventilation, and 
still further exploring the ground and working it, inter 
mediate shafts, called winzes (Cornwall) or sumps (North 
Wales), are sunk in the lode 


‘The actual mode of removing the lode itsclf depends a good 
deal upon circumstanccs, ¥iz , 1t3 width the nature of its contents 
and the walls that enclose it but the methods of working may 
zenurally be brought under one of two heads, viz, underhand 
stopmg or overhand stoping The word spe i» equivalent to 


step and the term stojinz means working away any depout m4 
la] stopes are luke similar oteys seen from underneath Both 
ned 
Wi 
it 
sank down a few feet, removing the 


sercs of steps Underhand or bi tf m stopes are workings altanged 
methods have ther advautagis and , , WWI) Wy Yh 
We will inst take underhand stoy 
In the old days the miner began in yf if 
ani 4 
part 1 he followed with 2, 3, 4, & 






like the steps of a staircase seen from above whilst orerkand «1 
disudyantages, and both are liely 

ing as this is the older method yy y 

the floor of the level (hg 59), /; 


Fig “9 
until the excavation finally presented the 4 pearance slown 
hg 60 Any valueless rock or minctal was deycsited upon ie 
jorms of timber (stud2s), and the ore was diawn up into th 


evel 
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by a windlass One great disadyantage of this method 1s that the 
ore and water have to be drawn up some distance by hand labour , 


much timber 1s requued 
for the stulls if there 
is a large juantity of 
worthless stuff im the 
vein or if tle sides are 
weah ‘The advantages 
are that oi can be 
worked wway a3 soon as 
the level 1 driven that 
the men are always bor 
ing downwards and 
lastly that the ore can Fig 60 
be carefully picked after 1t 1s bioken witl out fear of any valuable 
particles | emg lost 
A more economical method of iar by underhand stopes and 
one largely emj] yed in Cornwall at the present day consists m 
reserving any attach upon 
the ore gio in| until a lower / |} LLL SALLI LL. 
level has be n lhiven At 
intermediite shaft (w22 ) 
between tle two levels is 
then male oither by sinkn g 
trom the uy yer I vel or aisn g 
from the Two ore The 
work of stoping Is om 
mencel at the two ujyer 
ends of the winzc and the 
lode 1s removel in a suc 








pi 


cession of steys the workings assun ing the ay pealance exhibited in 


/ 


Fig 61 


fig 61 The dae are gencially made stecy so that the ore may 
readily roll into the winze and so that the bore holes may do better 
execution but these steey stopes are langerous if a man happens to 
up and fall The huge oj en chasms | ft Ly the removal of a large 
lode in this way are also a source of dangc1 for tl ereis always a nsk 
of falls of rock and from places whi h cannot easily be examined 
Figs 62 and 63 kinily sujylel by Captain Josiah Thomas ? 
explain the general arrang ment of the workings of the largest 
tin mine in Cornwall The lode after producing coy] er o1es to 
a considerable depth change 1 its character and became 11ch in tin 
The workings for tin oi ar confined aliiost entucly to the 
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(EXPLOITATION, 


granit The section fig 62 shows that the maim shaft of the mme 
is at first vertical and then carried down on the dip of the lode 
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Fic 62—Transverse Section Dolcoath Mine Cornwall 


The process of overhand stoping 1s precisely the reverse of thas 
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Fic 63 —Longitudinal Section Main Lode Dolcoath Mine Cornvall 


wi ich has becn Just described the work is commence] from a rise (Ge 
Sec Report of Miners Asso atton of Devon and Cornwall for 1882 and R J 


Frecheville Trans Roy Geol Soc Cornwall vol.x paty 


64.A) orl tter from th two bottom ends of a winze (fig 64 B) 
As soon as the men have excavated a sufficient height of the roof of 
the level they put in strong pieces of tamber from wall to wall, and 


EXPLOITATION | 


cover these cross pieces (stempels, stull preces) with boards or poles, 
and throw down the rubbish upon the platform (stull, bunneng) 
thus formed In the midst of the ribbi chimney like openings 
(mulls, passes) are reserved, lined with boards or dry walling, and 





Fig 64 


Fig 65 
closed at the bottom with shoots povided with doors The ore 


1s thrown into these passes which are tapped when necessary, the 
oie falls into the tram waggon placed ready to receive it 

lig 65 gives a transverse section showing the rubbish 1esting on 
the stull ‘This is what may be called the typical method of stop 
ing when the lode affords rubbish enough for the men to stand on 
and to heep them close to the rock they ate attacking Very often 
such 18 not the case and the whole of the lode has to be sent to the 
surface for treatment If the walls are firm the lode 1s sometimes 
stoped awvy, a stull putin, and a sufhcicnt heap of broken ore 13 
left upon the stull to give the men good standing groun! the excess 
as thrown over the ends of the stall or the great heap 1s tapped by 
cutting a hole in the 
stull covermg and al 
lowing a quantity to 
run down into the level 

Another method con 
sists in putting in 
temporary stages upon 
which the men stand to 
do their work whilst 
the excavation 18 left as 
an open space (fig 66) Fig 66 
This mode of working 1» incompatible with weah walls Ifa lode 
does not afford rubbish enough for complctely fillu g up the exca 
vated space, or if it 1s too narrow 
for men to do their work comfort 
ably one of the walls may be cut 
ito and blasted down (fig 67) so 
that the men always stan l upon a 
tim bed of rubbish while at work 
and there 1s no far of a collapse 
of the mme In certain 5} ¢c111 
cases rubbish 13 sent down fiom the 
surface to fill up the excavations 

The advantages of overhainl 
stoping are—that the mune is 
assisted by gravity in lus work 
that no ore or rock has to be diawn 
up by hand labour, and thit less 
timber 1s required On the other 
hand the mimer 1s always menace | 
by falls, but as he 1s close by he 
can constantly test the soli lity of the1 of and siis Ly sounding 
them with hissledge there 1s thc furthe: disadvantage that particles 
of ore may be lost 1n the 










rubbish, but this loss 1s er / SS 

often prevented by laving ZAR AWRP 4 Ai 5S 

down boards or sheets of ¢ Tae | | Sean Re 
iron while the lode 1s being NT WS 


broken down 

When very wide loles 
come to be worked recouls 
is often had to spcciil 
methods The grert lok 
at the famous Van mine in 
Montgomel yshnie 1s some 
times 40 feetin oe an l 
the hanging wall 1s weak 
The jade. 1s stoped away 
overhand, and the cavities 
packed with rubbish part 
of which 18 derived fiom 
the lode itself, whilst the 


WS 


AND 
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Fig 68 
See portion 1s supphed fiom a special quarry at the surface 
J 


68 explais the details of the case A 18 the o1ginal crow 


1C Le Neve Foster 
all vol x p 41 


Note on the Van Mine, Trans Row Geo! Soc Cor 
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cut (not in the line of section) by which the lode was reached, 
B 1s the flucan, C the bastard lode, generally worthlegs, E the main 
lode, H permanent levels, and K ore pass reserved amidst the rubbish 
(deads) D, I pass down which rubbish 1s shot, N crosscut connect 
ing the level H with P the permanent level im the country 
f the lode 1s not firm enough to allow of the stopes being carned 

for its full width, the crosscut method 1s adopted, the workings 
1n this case instead of proceeding along the strike, are carried across 
the deposit from one wall to another 

The lode 1s removed 1n successive horizontal slices A, B,C,D,E, 
and for each slice a level (L, fig 69) 1s driven, either in the lode, 





Fig 69 
o1 partly o1 entarcly mm the country from this Jevel crosseuts are 


Fig 70 


put out 6 or 8 fect wide a» shown 1m the plan (fig 70) These are 
regularly timbered accoi ling to the necessities of the case and 
when No 11s completed No 2 1s begun and the rubbish from 
No 2 thrown into the empty space of No 1 crosscut If the 
quantity is msufficient dcads are brought m from the surface o1 
from ex} loatory workings in wo1thless rock in the neighbourhood 
Sometimes the crosscuts aie not diiven side by side but 1 and 5 
would be driven fist leaxmg2 3 and 4asasolid pular then 8 
would be worked away an! finally 2 and 4 between the timber and 
rubbish on each side Tle greater part of the timber can be re 
covered when the next slice above 1s taken off as the props are put 
in with the small enls downwards and can be drawn up with 
levers M (fig 69) 15 a level reserved in the leais for trafhe and 
ventilation This methol of working 1s aj] hcable not only to 
lodes but also to rae masses 

In working away the soft bonanzas or ore bodies of the great 
Comstock lode which are from 10 to 30 01 even 40 or v0 feet ¥ ide 
and which are enclosed 1 very un 
stable ground a syecial methcd of 
timbering 18 emyloyed (figs 71 and 
72) ~— It consists in flaming timbers 
together in rectangular sets each set 
being composed of a squaie base 
placed horizontally formed of fom 
tumbers sills, and cross pieces 4 to 
6 feet long framed together sur 
mounted by four josts 6 to 7 feet 
high at each corner and capped by 
4 ‘ane work similiu to that of the 
base These cap pieces forming the 
top of any set are it the same time 
the sills or base of the next set above, 
the posts as the sets 11se one al ove 
the other in the stope being gene 
rally placed in position duectly over 
those below The timbers are 
usually of 12 ich stuff square hewn - 
or sawn ach post has a tenon 9 | 
inches long at the upper end and a 
tenon of 2 inches at the lower ent 
which fit mto mortices in the cap and sill respectively and “the 
sills and cay» have short tenons on each end and shoulders cut to 
receive the ends of the post and the horvontal cross yiece, = The 
walls of the excavation are SUS pape apeagey ERY 
tamed by a lagging of 3 uch 
or 41nch plank The whole & 
width of the orc body 18 stoped VL Ht i 
awiy at once, and its place 
supphed by timbering and 
finally the vacant space is filled IL 
with waste 10h denived from 7 
dead work in the ‘nine or fiom SSO" 
spual excavations — undu 
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hig 73 
ground quarries im fact,—im bairen ground _The stoping 1s carried 
on overhand, starting trom an intermediate shaft or winze, and hg 
73 will explan how the different frames aie built up one above the 
other 

Another method of working a wide lode 1 to attack it in shees 


2 James D Hague Unuted States Geological Frploraiton of the Fo tse’h 
Paraliel vol iui ‘ Mining Industry p 112 
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perallel to the dip, working away each slice separately ag if it were Festaniog district in North Wales the jrincipal bed, or vevn as it 18 
a lode of ordinary dimensions, and fillmg LE called, 19 more than 100 feet thich m pe and the method of 
up with rubbish (fig 74) ZL, FAV 7) ZG working consists in making alternate pillars and chambers each 30 
Workiny We now come to beds or seams The i AZ, feet to 50 feet wide along the stike (cross section and plin figs 77 
of beds mode of working the most :mportant beds A i; Tt and 78) The pillars follow lines of natural cross rending PP’, which 
that occur in the earths ciust, 114, coal 772 OLE commonly make an angle of 25° to 35° with the direction of the dip 
seams, has alicady been described in the Gg ¢ The excavations are arranged in regular lines, and form contanuous 
article Coar (vol vi p 64 ag), and ZZ Rs tj chambers extending very often from the surface to the very lowest 
details hav> been given concerning thi BA ig: workings A,B,C, D are the original working levels The slate of the 
removal of the mineral by pillar workin; Lf supporting Sgt is entirely lost, as these cannot be removed with 
and Jong wall working Both these Z aa : satety  I'his method of working requires a strong roof In the 
methods are applicable mm the case of ~ #4 Ardennes, on the contrary, the pillars are can1ied along mdefinitely 
seams of other mmuals Such for Z a. along the stnke (fig 79, cross section) The slate in each longi- 
instance are the beds of fire clay and tudinal chamber 1s removed 1n slices parallel to the bedding, and 
yay ironstone which are wrought by Fig 74 the men stand upon the rubbish, which finally fills up the chambers 
both the processes yust mentioned, and oftenin connoxion with coal completely 
Next in mmportance to coal 18 1ronstone, and biicf account of Rock salt constitutes another important mineral which occurs in , nk 
the workings in the Cleveland district will explain the manner in the formof stratified deposits The principal source of the Cheshire Salt 
which move than one third of the un ore 1aised in the British Isles salt 1s a bed 84 feet thick lying horizontally, but only the bottom 
18 obtained by mining It resembles the ‘‘bord and pillar’ system put, 15 feet to 18 feet thick, 1smined Pillars 10 yardssquare are 
used for working coal in Durham eft promiscuously about 25 yaids apart, as shown in fig 80, which 
Cleve- Ihe Cleveland ore ocets in the form of a bed from 6 to 16 feet represents pait of Marston Hall 1ock salt mine 2 The workings 
vant thick in the Middle Lias, lying pretty level A mainway (fig 75) 


ae bout : cs 

wide for a considerabl: 

distance and at nght = L_| | |_| | 
angles to 1t bords aro | soot 

driven 5 yards wide fora ssl4 

length of 30 yards and | foo) | 

then at right angles a 

aall 7 or 8 fret wide and 2 8 | A : 

20 yatds long By driv +e fi fl fs 

ages of this kind the bed J L— = 


is cut up ito pillars o1 | — Fig 80 Fig $1 
blocks 80 yards long by ue advanced by making m the upper pait an excavation 5 feet 9 
20 yards wide The 
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inches high, called the svafing (a, fig 81), and then the lower 
pillars are subsequently two tlurds of the pait worked aie removed by blasting slanting 
icmoved in the Pollen | holes Many of the old salt mines have collapsed fiom weakness of 
way A place, or ditt the roof or insufficiency of the pillats, and have become inundated, 
al 6 feet wide, 13 driven fig To the bine 1s then extracted by pumping and evaporated for salt 
ac1uss the pillar 10 yards fiom the coinet, and portions (Zits) about In some countnes cspeciilly when the beds of salt are unpure or 
6 yards wide ie worked away im the order 1,2,3 After No 1lift much mixed with clay on shale, the formation of bime 1s conducted 
has been removed, the timbei putin to support the roof temporarily tegt arly by making a network of diivages with a rectangular, 
15 withdrawn, and the roof 1s allowed to fall, No 21s then taken, elliptical, o1 cucular area im thich beds of saliterous marl, and then 
and No 31m tke same way Wlnle these lifts are bemg taken out, mtioducing fresh water by pipes, 80 as to form underground pond 
another pie ed 13 bemg dirven acioss the pillar 10 yards from the Which gradually dissolve the 100f and sides The bine 25 diawr 
frst and the pillar removed entircly by 4 series of fiesh lifts off and either ae up o1 conveyed by adits to the surface 


Gyzsum Fig 76 represents in section and plan the chambers and pillars A few words remain to be sud about open workings Some 0 
quarne of the underground gypsum quarries ininerals are alwajs obtained in this way, others are worked open ae 
which supply the well eee plaste1 a ——— before regular underground mining begins, and, thirdly, it often orkings 
happens that undergiound and sutface work are both carried on 


of Pans to all the wold? Th 7 

principal bed 1s from 50 to 60 feet in simultaneously on the same deposit Among deposits worked open 

thickness yullars are left 10 fect cast are peat, numerous kinds of stone, non ore, cupreous py rites, 

squaie at the base and the stu/l lead ore, gold and tin bearing alluvia, and diamantiferous rock 

between them are lo fict wide The Owing to its soft, spongy, and fibrous texture and the fact of its 
often lying below the water level, peat has to be worked in a 


wothings are slightly arched, and ai = 
not cairid up to the roof, for thi Ss —— = =Sea > S= | special manner Trenches are dug about » foot deep with a sharp 









purpose of better maintaimmy thi sprdc, which cuts out sods of convenient sie for drying and burnin 
security of the chambets, because When one layer has been 1emoved 1n this way, another 1s taken off, 
heavy damages would have to le OM HW 8 and soon If water 1s reachcd the working can still be hg y by 
paid if they ‘caved m= and ron using the long spade (grand louchet, France) with a handle of 16 or 
dered the surface useless A simi Dpbog 20 feet It cuts out a sod 3 or 4 feet long at each thrust 

lar layer left for the floor prevents When a deposit 1s more or less solid the workings are frequently 
creep (see CoaL, vol vi p 64), and arranged 1n steps, the height and breadth of each depending upon 
enables the underground 10ads to be hey tin ,.od 1g, air the mmness of the rock 


Underground slate quarnies afford examples of very varloug | In many cases the first work consists in removing worthless rock 
quarries methods of removing thich beds of mineral of comparatively little at the surface (overburden), and where the underlying deposit 18 
intimsi¢ value At Angers in Fiance, where the beds dipat a high thick or very valuable it will pay to remove a very great thickness 


angle, the underground workin ge are cariicd on like an open quariy of overburden, on account of the advantages of working a deposit 
A open These advantages aic—cntire removal of the deposit without 
Af = 








_ 





loss m pillars, no expense for timbering or for packing with rubbish 
or for ventilating or lighting the workings, better 
ventilation, easter supervision, longer woihing hours, 
less danger 

As an example of a large open working may be 
mentioned the great Penrhyn slate quatry near Ban 
gor, employing about 3000 hands, and worked by a 
fia 79 —A. A, 2W¢Ccsslon of terraces on an average 60 fect high by 

7"? 80 feet wide(fig 82) Reference has already becn made 


ae ‘ oa * to the thick Tea bearing sandstone of Mechermich, | 





: “2 which 1s 1n part worked as an open quarry Mokta el ) 
me enenons 6 Seen Hadid, near Bona in Algeria, and the Rio Tinto mines Mg Re 
Fg Fig 78 7 in Spam, afford mstances of extensive combined open and under- 


ground workings for iron ore and cupniferous pyrites respectively. 
Local laws regulating the size of the workinp areas, OF claims, 


2 Joseph Dickinson “Report nthe Salt Districts" Reports of the Inspectors 
' Callon, Lectures on Mentna vol n plate xh of Mines hipre year 188s 63 batrieta Teper ds ae oA 


under a strong roof of slate, the floor 1s continually berg worked 
away 11 steps, and an immense open chamber 1s left In the 
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methods of working This 1s especially the case with the diamond 
deposits of South Africa The diamantiferous rock at the celebrated 
Kimberley mine (formerly called Colesberg Kopje) occurs in the 
shape of an elliptical upright mass the greatest length bemg about 
330 yeas and the greatest bieadth about 200 a The super 
ficial area 1s about 9 acres, the mass extendsdownwards within almost 

rpendicular walls of shale, and 1s worke | in places to a depth of 
about 400 feet The claims are only 31 feet square and arc more 
than four hundred mm number and these have 1n some instances been 
subdivided into portions as small as the sixteenth of a clam but 
as at the present time one company may own very many claims the 
number of individual holdings 1s less numerous than formerly when 
the limit was two clams The working 1s carne! on vertically 
downwards, and as the claims are not all worke | at the same 14te 
those that progress most rapidly ate surrounded by yeryen luular 
walls of neighbourmng claims The shale or reef ek sing the 
deposit 1s constantly fallmg into the huge open pit an 1 has to te 
cut away toa slope the expense of this work bem, charge] to the 
claim holdeis geneially by the minmg board The lamanti 
ferous rock 1s extracted by mmnumerable wire rope mclines 

We have already referred to the method of working gol 1 bearing 
alluvia by the hy lraulic process which has rendered su h services 
m the United States (GoLD vol x p 746) At the samc time ne 
must not be blind to the evils of this metho] of working whi h have 
at last necessitated legislative mterferencc Some lea of tle exter t 
of the mischievous 1esults of hydraulic miming will be gathere 1 fiom 
the statement that one working alone the Goll Run Dit} ar 1 
Mining Company for the last exght yeats has been discharging 4( 00 
to 5000 cubic vards of sand gravel and bouldcs daily for a penol 
of five months each year into a tuibutary of the Sacramento Asa 
natural consequence deposits are formed lower down the rive: ob 
structing the navigable channels rendering overflows more fie juent 
and destructive and causing valuable lanl to be lestroyed by le 

sits ofsand The sur eriot court of Saciamento county Calif iia 

ias recently decilel that the hydrauhe mimnz companics must 

build dams to im ound the coarse anl }cavy debiis o1 take other 
efficacious mens to prevent their Leing washed down the vets 


8 Carriage or Transport of Uinerals alony the Under 
qrovnd Roads —After the mineral has been broken down 
In a deposit 1t 13 necessary to pick out any barren rock and 
then convey to the surface all that 1s of value 

The simplest and oldest method of transport along 
underground roads 1s carriage on the back, and this method 
may still be seen at the present day even im countries 
whete the art of mining is generally highly advanced 
Thus, for mstance, mm the little slate mines near Cochem 
on the Mcselle men and lads carry up all the blocks of 
slate upon their bachs, walking upon steps cut m the rock 
they come up with their hands upon the ground bent 
almost double under the weight of the block, which rests 
upon a thick pad Again, the blocks of slate are stull 
carried on the back from the actual working place to the 
nearest tram road, in the slate mines of the Ardennes In 
the Sicilian sulphur mines the same method is common, 
and it 1s found also in parts of Spain and China, where 
baskets are used, whilst bags are employed in Mexico and 
alsoin Japan Even in Ingland the system still survives 
1n the Forest of Dean, where boys carry iron ore in wooden 
trays from the very irregular ore producing cavities either 
to the surface or to the nearest shaft 

Sledges, or sleds, enable greater loads to be transported , 
but they are not available unless the conveyance 1s along 
roads sloping downwards They have been largely 
employed m coal mines, and are still resorted to in some 
collieries for conveying the coal from the working place to 
the nearest tram road 

We next come to wheeled carriages The simplest 1s the 
wheelbarrow The barrow used in Cornwall at the present 
day 1s not unlike that figured more than three centuries 
ago by Agricola The navvy’s barrow 1s more advan 
tageous, but it requires a wider and higher level The 
barrow runs upon the natural floor of the level, upon 
boards, or upon thin strips of ron Carts drawn by horses 
may be used in large underground quarries Excepting in 
special cases it 1s advisable to replace barrows by waggons 
running upon rails The oldest form 1s the German Hund 
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It consists of a rectangular wooden body, with four wheels, 
resting upon two boards as rails, and it 13 kept on the 
track by a pin which runs between the boards 

Cast iron tram plates were introduced 1n the last century, 
and were finally succeeded by iron rails, which are now 1u 
general use, though steel threatens to displace 1ron in this 
as in other departments of minmg Various forms of rail 
are employed The simplest is a bar of iron set on its 
edge im transverse sleepers, or flat 1ron nailed to longitudinal 
leepers Small Theaded and bridge rails are not 
uncommon In the Harz the rails sometimes lhe on stone 
leepers , a hole 1s bored in the stone, plugged with wood, 
and the railis nailed on The gauge varics from 14 inches 
to 3 feet or more , 20 ches to 22 inches 1s a common gauge 
in metal mines Arrangements of course have to be made 
for passing from one line to another by pomts, but the 
transfeience 1s frequently best effected by putting down flat 
plates of cast iron, upon the smooth surface of which the 
waggons can be handled with ease and turned in any direc 
tion raised ledges guide the wheels into any particular track 

The form and size of the waggons running upon the rails 
necessarily vary according to the size of the underground 
roads and the manner in which the mmeral is raised in the 
shaft In some mines the practice exists of loading the 
mineral in the level into an iron bucket (Able) standing 
upon a tolley, which is merely a small platform upon 
wheels This trolley is pushed (trammed) to the shaft , 
the full kibble 1s hooked on to the winding rope and drawn 
up, whilst an empty kibble 1s placed upon the trolley and 
tiammed back along the level, where it 18 again loaded 
from a shoot (ml pass) or by the shovel The usual plan, 
however, 1s to have a wiggon, which 1s tipped on coming 
to an enlargement of the shaft (pli / dge) where the level 
joms it ‘These wagons may be made of wood or sheet 
iron, and of late years sheet steel for the bodv and cast 
steel for the wheels have been coming into favour 

The most modern system in metal mines 1s to imitate 
collieries, and use waggons which are drawn up in cages 
Fig $3 1epresents the plain but strong waggon of the Van 
mines, consisting of a rectangular 
body of sheet iron resting on an 
oak frame, and provided with 
cast steel wheel» The wheels are 
loose upon the axles, which them L_2_ gay Aao_I 
selves run loose in the pedestals 
The waggon is empticd Ly being 
run on toa “tippler, which enablesit to be completely over 
turned with great ease A commoner plan 1s to construct 
the waggon with a hinged door at one end, and the contents 
are discharged by opening this door and raising the body 

The motive power for tramming waggons along the levels of 
metal mines 18 genetally supphe | by men or boys though, where 
lage quantitus have to be extracted anil where the roads are 
faxomable recourse may be had to pomes an | hotses and the vanous 
hinds of mechanical haulage descuibed in Coat vol wi p 69 

Tiains of cats are sometimes drawn along undetground railways 
Ly locomotives they have the great disadvantage ot polluting the 
air with the products of combustion and consequently they are not 
available unless the ventilation is very good Asmall locomotive of 
Zhoise power nominal 1s use t on an 18} inch track in the adit level 
of the Great Laxey mune (Isle of Man), now approaching a mile in 
length and full sized locomotives ply along the adit of the Rio 
Tinto mines Locomotives worked by compressed air improve the 
ventilation instead of injuring it, and are not a source of danger m 
cases Whete fire damp may be present , but, except m special cases, 
they cannot be worked so choapl} as engines filed with coal Con 
veyance by electric railroads underground has hardly gone beyond 
the experimental singe but the results obtained at the Zaukeroda 
colliery m Saxony? show that electricity can be apphed with profit 
in this department of mimnz 


A few instances of transport by boats may still bo met with 
The boats used in the underground canal at hlausthal are 31 feet 


1 Jahrbuch fur das Berg und Huttenwesen im Adnigreche Sacheen 
auf das Jahr 1883, p 50 
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long by 4 feet 6 mches wide and 2 feet 11 inches deep Each boat 


carries 5 or 6 tons 

Where roads have a strong gradient, inchned planes are 
employed, exther self acting if the mineral has to be lowered, or 
worked by stationary engines if the mineral has to be raised 


(see CoaL, vol vi p 69) 

9 Winding, or Ravsing wn the Shafts, with the Machinery 
and Apparatus required —In speaking of the transport by 
underground roads, we mentioned that the mineral 1s occa 
sionally brought to the surface on the backs of men or boys 
In other cases daylight 1s reached by adit levels provided 
with railroads , but im by far the greater number of mines 1t 
13 necessary to hoist the mineral, and often much rubbish, 
up vertical or inclined pits generally known as shafts 

In beginnmg to sink a shaft from the surface, or in 
sinking a winze, hand power apphed by a windlass 1s 
sufficient The broken rock at the bottom of the shaft 1s 
shovelled into a wooden or iron bucket (Azbble), which 1s 
drawn up by a rope passing round the barrel of the wind 
lass When a depth of 20 or 30 yards has been reached 
it 18 more advantageous to introduce horse power, and the 
usual machine by which this power 1s applied, called a gin 
or horse whim, 18 @ common sight in many metalliferous 
districts It consists of a vertical axis carrying a barrel 
or drum 8 to 12 feet m diameter, round which 1s coiled 
the rope, which after passing over a pulley hangs down the 
shaft The axis carries an iron pin at each end, the lower 
one working 1n a stone and the upper one in a socket in 
the span beam or crossbar of the supporting frame 
Under the barrel 1s a long driving beam to which a horse 
15 harnessed, and, as will be readily understood, the kibble 
1s drawn up or lowered down as the horse walks round 
Tt 1s most economical to have two kibbles, for then they 
balance each other 

Where steam and water power are not available, a large 
number of horses or mules are sometimes harnessed to 
whims, and ore raised from depths of 200 fathoms These, 
however, are exceptional cases and, especially since the 
mtroduction of portable engines, the use of steam power 
even for comparatively small depths, such as 100 yards, is 
daily increasing In hilly districts water power 1s generally 
at hand, and huge reservoirs are frequently constructed for 
storing the rainfall, and so affording an adequate and con 
stant supply It may be utilized by water wheels, turbines, 
and water pressure engines 

There are three systems of winding by steam or water 
power which are in regular use —(1) by buckets (Azddles), 
baskets, or bags swinging loose 1n the shafts, (2) by boxes 
working between guides (ships, Cornwall), (3) by cages 
carrying one or more waggons 

The buckets re mvic of wool sheet 110n or sheet steel Their 
shape varies , 1 may be rounl or elliptical sti ught in the side 
or bulging in the mille Jig 84 repicsents a 
kibble maie of sheet 1ron When the shaft 1s 
inclmed the side upon which the kibble slides 
1s curefully lined with boar is (ded planks) resting 
upon cross slecpers Jan) s of hard wood Ithe 
beech last longcr and 1cquire fewer repairs than 
deal boards Inthe Harv poles fixed lengthwise 5 
take the ylaceof Loaris which are customary in 
Great Britam Even where shafts are perpen 
dicular a lining, of }lanks 15 often put in round 
the winding compartment unless the space 18 
consiitrable ad the kitble then glides up 
smoothly, and there 15 less rish of acerdents A 
more modern system 13 to use wire rope guides 
for the kibble which 1s thus kept from swinging 
about Another advantage cf this y]an 1s that 
a light cage can easily be substituted for the kibble and used for the 
ascent and descent of themen Mr Galloway his patented a method 
of sinking shafts with wire rope guides the upper ends of which are 
coiled upon diums at the surface By adopting this expedient the 
guides can he lengthened as the shaft 1s dee, ened 

A word must be said abvut the actual loading and emptying of 
the kibble Sometimes, as already mentioned, the kibble 1s filled 
at the working place or from a shoot (pass Cornwall) carned down 
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into the level, and then conveyed on a trolley to the shaft, where 
1t 18 hooked on to the rope and drawn up More frequently the 
filler standing in the plat loads the kibble with a shovel, and in 
order to save time two kibbles are often provided, one being filled 
while the other 1s making the Journey to and fiom the surface In 
this case 1t 18 necessary to have some kind of clems, which will 
enable the kibble to be readily detached from the winding rope, and 
uickly and securely fastened on again On its arriving at the surface 
the lander seizes an eye or ring at the bottom of the Inbble by a 
ir of tongs suspended by achain, and the ropeisnow lowered The 
bble 1s thus turned over and the contents fall into a tram waggon 
The inconvemiences of this method of winding are sonailersble: 
especially 1n inclined shafts where the direction and amount of 
the inclmation are not constant There 1s great wear and tear of 
the bed plank and casing boards, and, unless constant attention 
1s paid to repairs, places are worn out where the kibble catches, 
causing the rope to break The fall of a kibble and its contents 
not only does much damage to the shaft but also isa source of 
danger to the men The introduction of boxes (skups) working 
between guides or conductors was therefore a decided step in 
advance, for the system allows the winding to be carried on with 
less friction and with greater rapidity and safety The guides are 
often made of pieces of timber (like 7, fig 53) Volted to the end 
pieces and drag It 1s only in perpendicular shafts that guides 
made of wire rope or 1ron rods can be apphed The skip 15 4 box 
of rectangular section made of sheet iron or sheet steel, with a 
sloping bottom, and provided with a hinged door closed by a bolt for 
discharging its contents Fig 85! shows how the skip runs upon 





Fig 85 


the guides by means of four cast iron or (better) cast steel wheels 

In an inclined shaft the guides somctin es have iron rails laid on 
them so as to diminish the wear Some of the skiy31n Cornwall 
are made to hold as much as a ton and a half of tin bearing rock 

The skip 1s filled with a shovel by a man st nding in the plat, but 
a better planis to ariange shoots leading from lane hoppers, so 
that the ore can be made to run in without any shovelling The 
skip 1s sometimes tilted comy letely over instev of being emptied 
by a hinged door, this arrangement 1s 1n usc 1n some of the German 
mines, where the skip 1s made of wood and 1s guided on each side 
by two pins or rollers running between two conductors When 
the skip has reached the surface two catches are made to support 
the lower rollers, whilst the upper ones pass through openings in 
the front guides, and the skip, turning upon the lower ones, 1s 
tipped over and so empticd 


he most satisfactory system of winding 1s by cages, there is Cage 


less handling of the mineral, and the hoisting proceeds at far greater 
speed This system, which 13 almost universal in collieries, 18 
employed also for working deposits of other minerals and, though 


1 Moissenet, Annales dex Munes, ser 6, vol 11, 1862, plate vn 
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im vein mining the skip aud kibble stall prevail in England, the 

managers a1 beginning to 1ccognize the advantages of the cage and 

equip their mines with more modern appliances than have hitherto 

been customiry The ciges used in the mimes en the Comstock 

lode aie very light and simple in construction as will be seen from 

fig 86 Ihe cage in fact 18 4 mete tamber plitform, 5 feet by 4, 
we ” 
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resting on iron bas y and suproited 1) non rc 1s on each side 
It 1s provided witha shect on lL onnet to}1otect the men if th ) we 
inside, and also with safety citches ¢ ¢ wlich come into play if the 
rope bieakhs The hand levers & & at the ends of the cige raise up 
blocks which hecp the cu 1m its place during the 1s ent o1 descent 
9,9 aie guides for the end of the crosslu 6 ¢ bar worl ing teeth 
t,¢ by levers f ‘ear o1 “shoe embracing the guide rod mn 
shaft , 2, lifting bu, s, strong spnng 

The most important details ccnceimmy the use of cages, 10} es 
and other hoisting appliwuces such as jullevs pulley frames 
detaching hooks and winding engines, have alieady becn set forth 
in the aiticle Coat, vol vi: p 74 ini it 1s therefore needless 
to repeat these particulais sj cuially a» the ait of winding mineral 
cheaply speedily, and safel\ has been caine! to a far nerter pitch 
of perfection in collieries than in the majoity of metal mimes It 
13 often convenicnt to fix winding engines unler,round tor the 
pwjosc of sinking shafts and winzes and diive them by com 
presse | au brought down im pipes fiom the surfa e 

The hoepe system of winding, which ay] eats to be viewed with 
favour on the ontinent, consists in having what 1s practically an 
endless rope with one large sheave over the shaft in the place of 
the tvo diums There aie two exes and the 10;e below them 
acts as a counterbalance, so that the loa i 1s uniform throughout 

The most novel hoisting a] paratus 1s that of ML Blanchet (Coin 
vol 11 p 76), which has now been rezululy at work 1m the Hot 
tingue: shaft at Epimac m Franco for the last si. yeas M 
Blanchet s method consists im fixing m the shaft a lu.e pye in 
which 13 ananged a piston, fiom this 15 suspenred a cage cuisine 
waggons By exhausting the air above thc yiston the loal 1s 

adually forced up by the atmospheric pressime below it = The 
Horanignct shaft 1s 660 yatds deep and the piye is 5 fret 3 mches 
in diameter, made up of a succession ot cylindets of sheet ron 
al out yf, inch thick and 4 feet 4 inches high jomed by flangcs an] 
bolts lhe 485 rmgs composing the long y1pe wosh altocether 
418 statute tons The erge has mine decks ant arrangements are 
mide tor unloading three st 4 time cach wag,on hol ls half a ton 
oo that the total useful load 1s 44 tons The speed of ho ting ts 
20 fect per sccond If two hoisting }1pes ae connected the deal 
weights miy be made to balance exh other, and the power 
required 13 simply that which 1s necessary to overcome the wersht 
of the useful Toad. All the men prcfur the pneumatic howt to the 
ordinary cage for descendin and ascendmg the mim, and ue 
regularly, lowered and raised by it The advantages clamed by M 
Blanchet for this systemare—(1) the possibility of hoistiny fl m 
depths at which rope winding would no longer be practicable , (2) 
getting 11d of the costly ropes and dingers connected with rope 
winding , (3) better utilization of the enginc power , (4) 1mprove 
ment of the ventilation and diminution of the amount of fire damp 


10. Dramage —The mineral having been raised to the 


surface, the task of the mmer might appear to be at an 
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end, but this 1s not the case, for 1t 18 turtaer necessary 
that he should keep his mine free from water and toul 
air These two indispensable operations of draining and 
ventilating frequently require special appliances which add 
considerably to the gencral cost of mming 

In all cases where it 1s possible, endcavours shquld be 
made to heep the water out of a mune, so as to save the 
expense of pumping it, and the method of putting ma 
watertight liming (tubbeng) in a shaft has been already 
described (Coax, vol vi p 62) When large streams of 
water happen to be intersected by underground work- 
ings, and threaten to overpower the available pumpmg 
machinery, or when it 1s advisable to save the expense 
of draming abandoned workings, the entry of this water 
into the mine may often be prevented by stoppings 
called dams, constructed of timber or brickwork 

In spite of all precautions, the miner generally has te 
contend with water which percolates mto the workings 
Four methods of getting rid of this water are availalle 
viz, adits, siphons, winding machinery, and pumps 

An adit, day level, or sough » a nearly honzontal tunnel 
with one end 0] ening at the surface, allowimg the water to 
drain away naturally In hilly countries mines are often 
workcd entirely by adits, and even whcna mine 1s deepened 
below the dramage level the utilty of the adit 15 stall 
threefold —it lessens the quantity of water which tends 
to percolate mto the lower workings 11 lessens the depths 
to which the wate has to be pumped , and, by furnishing 
a certaun amount of fall, it enables water to be apphed as 
power On account of these mj oitint advantages some 
very long and costly adits have been driven for the purpose 
of aiding the miners in c 1tain metalliferous districts 


Ihus m the Har the Ernest Augustus alit (‘ Einst Auust 
Stolln has b en inven adistin e of near ¥ 64 miles into the hlaus 
thal distiict The total length ot the alt m Inding the }1an hes, 
sno les than 14 milks It intersects many of th ] 1s itacepth 
of uj wards of 400 yarls fiom the suiface ‘The total ccst of this 
adit 1s estimate Lat 48 000 

Another long alit 1» the celebratel Rothschcnteter Stolln ’ 
which unwatcrs scine cf the most important mimes at Freiberg in 
Sixony Ihe Ienzth of the mam o1 thunk adit 1s more than 84 miles, 
the gradient of the gicater part of 1t 1s only 1 18 inch in 100 va de 
The bian hes of this adit among the mincs are more than 16 niles 
in length so that the total linzth of the nain adit with its 
branches amounts to niarly 25 miles Many of the mines ve now 
chained naturally to a depth of 200 to 300 vaids = The cost ct th 
mun tunnel ww £309 334 or neatly £24 pur yard but this elu les 
the cost of eight shafts heavy ex}enses for yumzing from these 
shafts the walling of the ait fo. { mie and all general expen es 
The length of time occuped in driving this adit was thuty tl ree 
yeus The kaiser Josef II Libstolln im Hunyary 1» another 
remarkable mining tunnel which was commenced mm 1782, and com 
pleted in 1878 at a total cost of 4 599000 fl mus It 15 10} miles 
m length extending fiom the valley of the mver Gian to the 
town of Schemmnity, where 1t inteise ts the Ic tes at dey ths varying 
fiom 300 to 600 yards accoidinz to the contour of the surface 

In Cornwall the Gieat County alit wis driven tor the purpose 
of icheving the Gvennap mines of thei water and it was pu hed on 
nenly to Redruth This adit ditkers fiom the pleat works under 
tiken in Germany ly the fact that 1t commcnets m the mung 
histrict and thouzh the length of all the duvages umsunts to more 
thin °0 miles, the water fiom the most distant mine does not run 
more than about 6 miles before reiching davliht ‘The average 
lu th is only 70 or 80 vaids fiom the surfur In fact this gieat 
alit thou,h + work of gieat utility when the Gwennap district 
was mm 2 flounshing condition, 15 merely a network of comy arati ely 
shallow dirvages, often along the lodes themsclres among the 
mines and therefore for boldness of execution caunct tor one 
moment be compared to the great Schemuitz, Fiuberg, and 
Klausthal diainage tunnels which have just been mentioned = The 
Blackett Level m Northumberland 1s an adit which has len 
du na distance of vbout 43 miles and it will have o he extende 1 
al out 2 miles further before reaching Allonhcads Its depth fi m 
the surface at this place will be about 200 yards 

The main part of the Halkyn tunnel mm Fhotshure 1s 2 miles 
1256 yards in length, and the branch driven out to Rhosesmor 
mine ntersected the vem at a distance of 809 y2rds making 
a total of about 3} milcs The greatest depth fiom the surface 
1s 230 yards and the average dipth in Hal WT Mountain about 
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long by 4 feet 6 mches wide and 2 feet 11 inches deep Each boat 


6 tons 
Wee. wade have a strong gradient imchned planes are 


ng if the mineral has to be lowered, or 
i a go etna So if the mineral has to be raised 
(see COAL, vol v1 p 69) 

9 Wending, or Rarsung wn the Shafis, with the Machinery 
and Apparatus required —In speaking of the transport by 
underground roads, we mentioned that the mineral is occa 
sionally brought to the surface on the backs of men or boys 
In other cases daylight 13 reached by adit levels provided 
with railroads , but in by far the greater number of mines 1t 
1s necessary to hoist the mmeral, and often much rubbish, 
up vertical or inclined pits generally known as shafts 

In beginning to sink a shaft from the surface, or mn 
sinking a winze, hand power applied by a windlass 1s 
sufficient The broken rock at the bottom of the shaft 1s 
shovelled into a wooden or iron bucket (Aebble), which 1s 
drawn up by a rope passing round the barrel of the wind 
lass When a depth of 20 or 30 yards has been reached 
it 1s more advantageous to introduce horse power, and the 
usual machine by which this power 1s applied, called a gun 
or horse whim, 18 a common sight in many metalliferous 
districts It consists of a vertical axis carrying a barrel 
or drum 8 to 12 feet in diameter, round which 18 coiled 
the rope, which after passing over a pulley hangs down the 
shaft The axis carnes an iron pin at each end, the lower 
one working mm a stone and the upper one in a socket in 
the span beam or crossbar of the supporting frame 
Under the barrel 1s a long driving beam to which a horse 
1s harnessed, and, as will be readily understood, the kibble 
15 drawn up or lowered down as the horse walks round 
It 1s most economical to have two kibbles, for then they 

balance exch other 

Where steam and water power are not available a large 
number of horses or mules are sometimes harnessed to 
whims, and ore raised from depths of 200 fathoms These, 
however, are exceptional cases and, especially since the 
mtroduction of portable engines the use of steam power 
even for comparatively small depths, such as 100 yards, 1s 
daily increasing In hully districts water power 1s generally 
at hand, and huge reservoirs are frequently constructed for 
storing the rainfall, and so affording an adequate and con 
stant supply It may be utilized by water wheels, turbines, 
and water pressure engines 

There are three systems of winding by steam or water 
power which are in regular use —(1) by buckets (d1bb/es), 
baskets, or bags swinging loose in the shafts, (2) by boxes 
working between guides (skips, Cornwall), (3) by cages 
carrying one or more waggons 

The buckets are made of wood sheet iron or sheet steel Their 

shape varies , 1t may be 1ound or elliptical, straight in the side 
or bulging mn the midile Fig 84 represents a 
kibble made of sheet zon When the shaft 1s 
melined the side upon which the kibble slides 
13 carefully lmed with hoante (bed planks) resting 
upon cross sleepers Planks of hard wood lhe 
beech last lonser and require fewer repairs than #X 
deal boards In the Harv poles fixed lengthwise | 

take the y1. cof boards stitah are customary 1n 

Great Britain Even where shafts are perpen 
dicular 2 lining of planks is often put m round 
the winding compartment unless the space 1s 
considcrable aid the kibble then ghdes up 
smoothly, and there 1s liss risk of accidents A 
more modern system is to use wire rope puides 


for the kibble which 1s thus kept from swmging 
about Another advantage cf this plain 1s that 





Fig 8 


a light cage can easily be substituted for the kibble and used for the 
ascent and descent of themen Mr Ualloway has patented a method 
of sinking shafts with wire rope guides the upper ends of which are 


coiled upon drums at the surface By ado} ting this expedient the 
gaides can Le lengthened as the shaft 1s dee ened 

A word must be said £vout the artual loading and emptying of 
the kibble Sometimes, as already mentioned, the kibble 1s filled 
at the working place or from a shoot (pass Cornwall) carned down 
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into the level, and then conveyed on a trolley to the shaft, where 
1t 1s hooked on to the rope and drawn up More frequently the 
filler standing in the plat loads the kibble with a shovel , and in 
order to save time two kibbles are often provided, one being filled 
while the other 1s making the Journey to and fiom the surface In 
this case it 1s necessary to have some kind of clems, which will 
enable the kibble to be readily detached from the winding rope, and 
uickly and securely fastened on again On its arriving at the surface 
the dander seizes an eye or ring at the bottom of the kibble by a 
wr of tongs suspended by a chain, and the ropeis now lowered The 
jabble 18 thus turned over and the contents fall into a tram waggon 
The inconveniences of this method of winding are considerable, 
especially in mnclmed shafts where the direction and amount of 
the inclination are not constant There 1s great wear and tear of 
the bed plank and casing boards, and, unless constant attention 
1s paid to repairs, places are worn out where the kibble catches, 
causing the rope to break The fall of a kibble and its contents 
not only does much damage to the shaft but also 18a source of 
danger to the men The introduction of boxes (skips) working 
between guides or conductors was therefore a decided step in 
advance, for the system allows the winding to be carried on with 
less friction and with greater rapidity and evfety The guides are 
often made of pieces of timber (like 7, fig 58) bolted to the end 
pieces and dividings It 1s only im perpendicular shafts that guides 
made of wire rope or iron rods can be applied The ship 15 & box 
of rectangular section made of sheet iron or sheet steel, with a 
sloping bottom, and provided with a hinged door closed by a bolt for 
discharging its contents Fig 85} shows how the skip runs upon 





Fig 85. 


the guides by means of four cast 1ron or (better) cast steel wheels 
In an inclined shaft the guides sometimes havc iron rails laid on 


them so as to diminish the wear Somc of th skiys1n Cornwall 
are made to hold as much as a ton and a Jalf of tin bearing rock 
The skip 18 filled with a shovel by a man st inding 1n the plat, but 
a better plan is to arrange shoots leading from “large hoppers, so 
that the ore can be made to run in without any shovellmg The 
skip 18 sometimes tilted completely ovcr instead of bemg emptied 
by a hinged door, this arrangement 1s in us¢ in some of the German 
mines, where the skip 1s made of wood, and 1s guided on each side 
by two pins or rollers running between two conductors When 
the skip has reached the surface two catches are made to support 
the lower rollers, whilst the upper ones pass through openings in 
the front guides, and the skip, turning upon the lower onea, 18 
anes over and so emptied 


e most satisfactory system of winding 15 by cages, there 18 Cage 


less handling of the mineral, and the hoisting proceeds at far greater 
speed This system, which 13 almost universal in collieries, 18 
employed also for working deposits of other minerals, and, though 


1 Moissenet, Annales des Munes, ser 6, vol 11, 1862, plate vin 
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mm vein mining the skip aud kibble stall prevail in England, the 
managers a1 besinning to1vcognize the advantages of the cage and 
equip their mines with more modern apy jiances than have hitherto 
been customiry The cages used in the mines en the Conistockh 
lode are very lisht and sunple in constin tion as will be seen from 
fig 86 I'he cage in fact 13a mete timber plitform, 5 feet by 4, 
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restint on on bats p and supported by 110n 10ds on each side 
It 19 p10+2 led witha shect 1m Lonuet to] rotect the mcnif th 5 are 
imsidc and also with sifcty ertches t t wilich come mto ly 1f the 


rope breaks Lhe hand levus k & at the ens of the crc raise uy 
blocks which keep the car im its place tunmy th as ent or descent 
g,g ac guide for the end of the ciosslarb, ¢ Lar working teeth 
t,t by lev rs fy “ear? on “shoe? embiacing the guide rod in 
shaft , 7, lifting bar, s, strong spring 

Lhe most important details concerning the use of cages, ropes 
and other hoisting appliances such as pulleys pulley frames 
detaching hooks, and windins engines, have alieady been set forth 
in the article Coit, vol v1 p 74 anl it i» therefore needless 
to repeat these particulars especially as the ait of winding mineral 
cheaply, speedily, and safely has been cained to a fai gieater pitch 
of perfection 1 colheies than in the majouty of metal mines It 
15 often convement to fix winding engines underground for the 
purpose of sinking shafts and winzes, and drive them by com 
pressed 111 brought down in prpes from the surface 

The hoepe system of winding, which appears to be viewed with 
favour on the Coxtunenit consists in hayig what 1s practically an 
endless rope with one latge sheave ovcr the shaft, in the place of 
the two diums There are two cages, and the iope below them 
acts as @ counterbalance, so that the load 1s umfoim throughout 

Lhe most novel hoisting apparatus 1» that of M Blanchet (Coat, 
vol v1 p 76), which has now becn regularly at work in the Hot 
tinzuer shaft at Kpmav im France for the last si. years M 
Blanchet s method consists in fixing in the shaft a la.e pipe n 
which 1s atlanged a piston, from this 1s suspenacd a caze carrving 
waggons By exhausting the an above the piston the load 1s 
eae foiced up by the atmospheni pressure below it The 

ottinguci shaft 1s 660 yards deep and the pije 19 5 feet 3 mches 
in diameter, made up of a succession of cylinders of sheet non 
about x ch thick and 4 feet 4 inches high, yomed bv flangcs and 
bolts The 485 rings composing the long pipe woth altozether 
418 statute tons The cage has nine decks and aiangements ate 
made for unloading three at a time, cach wagon holds half a ton, 
00 that the total useful load 1s 44 tons The speed of hoisting 
20 feet pe sucond If two hoisting pupes are connected the del 
weights may be made to balance exh other, and the powe 
requued 1s simply that which 1s necessary to overcome the weht 
of the uscful load All the men prefer the pneumatic hoist to the 
ordinary cage for desconding and ascending the mine, and ne 
regularly lowered and raised by it |The advantages claimed by VI 
Blanchet for this systumarc—(1) the possibility of hoisting trom 
depths at which rope winding would no longer be practicable , (2) 
getting 110 of the costly ropes and dangety connected with rope 
winding , (3) better utilization of the engine power, (4) improve 
ment of the ventilation and dimmution of the amount of fi damp 


10. Drainage —The mineral having been raised to the 
surface, the task of tho mmer might appear to be at an 
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end, but this 1s not the case, for it 1s turtaer necessary 
that he should keep hig mine free from water and toul 
air These two indispensable operations of draining and 
ventilating frequently require special appliances which add 
considerably to the general cost of mimmg 
In all crses where it is possible, endeavours shquld be 
made to keep the water out of a nunc, 30 as to save the 
expense of pumping it, and the method of putting na 
watertight lining (tubing) m a shaft has heen already 
described (Coax, vol vi p 62) When large streams of 
water happen to be imtersected by underground work- 
ings, and threaten to overpower the available pumping 
machinery, or when it 15 advisable to save the expense 
of draining abandoned workings, the entry of this water 
mto the mine may often be prevented by stop, ings 
called dams, constructed of timber or brickwork 
In spite of all precautions, the mimer generally has t¢ 
contend with water which percolates into the workings 
Four methods of getting mid of this water are available 
viz, adits, siphons, winding machinery, and pumps 
An adit, day level, or sough i a neatly horizontal tunnel 
with one end 0] ening at the surface, allowing the water to 
drain away naturally In hilly countries mimes are often 
worked entirely by adits, and even whcn a mine 1s deepened 
below the diaumnage level the utility of the adit 1 still 
threefold —1t lessens the quantity of water which tends 
to percolate into the lower workings it lessens the depths 
to which the wate has to be pumped, and, by furmshing 
a certain amount of fall, 1t enables water to be apphed as 
power On account of these impoitant advantages some 
very long and costly adits hove becn driven for the purpose 
of admg the minets m eutain mct illferous districts 
Tius m the Harz the Ernest Augustus alt ( Einst Auluet 
Stolln )] a> been diiven a listance of nearly 64 miles into the hlaus 
thal district ~The total length ct the alt inclu ling the Lianches, 
isnole than ldimles Itintersects many of the] | » at a depth 
of uj wards of 400 var ls fiom the suface Lhe total cost of t 
alit is estimated at 48 000 
Another long adit is the celebratel Rothschonberger Stolln, 
which unwitus some of the most important mines at Fieibeig in 
Saxony Ihe length of the main o1 trunk adit 1s more than 84 miles, 
the giadient of the gieatcr part of 1¢ 1s only 1 18 inch in 100 \a ds 
Lhe branches of this adit among the mines are more than 16 miles 
in length so that the total length of the main adit with its 
branches amounts to nearly 25 miles Many of the mines ale now 
diained naturally to a depth of 250 to 300 yards The cost of th 
main tunnel was £359 334, 01 nearly £24 per yard, but this cludes 
the cost of eight shafts, heavy expenses for pumping from these 
shafts the walling of the adit for 3 mule, and all general expenses, 
The length of tame occupied m driving this adit was thirty three 
years ‘The “‘haiser Josef II Exbstolln im Hungary 1s another 
remarkable mining tunnel, which was commenced in 1782, and com- 
pleted in 1878 at a total cost of 4 599,000 florins It 1s 10} miles 
in length extinding fiom the valley of the mver Gran to the 
town of Schemnitz, where 1t intelsects the loaes at depths varving 
from 300 to 600 jars according to the contour of the surface 
In Cornwall the Great County adit was driven for the purpose 
of rehev mee Gwennap mines of their water, and 1t was pushed on 
nearly to Rediuth This adit differs from the great works under 
taken nm Germany by the tact that 1f commencts m the mining 
district, and, though the length of all the drivages amounts to more 
than 80 miles, the water fiom the most distant mme does not 1un 
mote than about 6 miles before reaching davlzht ‘The average 
dcpth 1» only 70 o1 80 yaids from the surface In fact this great 
adit, though 4 woik of great utility when the Gwennap distnet 
was m a floushing condition, 1s metely a network of comparatively 
shallow diivagcs, often along the lodes themselves, among the 
nuns and therefore for boldness of exe.ution cannet for one 
moment be compared to the great Schemmit7, Fretherg, and 
Klausthal dramage tunnels which have sust been mentioned The 
Blakett Level m Northumberland 1s an adit whiuh has bun 
diivcn 2 distance of about 42% miles and 1t will have *o be extende 1 
about 2 mikes further before reaching Alknheads Its ley th from 
the surface at this place wall be about 200 yards 
The main part of the Halkyn tunnel mm Fliotshue » 2 mies 
1256 yards in length, and the branch diiven out to Rhosesmor 
mine intersected the vein at a distance of 809 yard) mahing 
a total of about 34 miles The greatest depth from the surfae 
is 230 yards and the average depth in ret ara about 
AVI — « 
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215 yards The length and depth of this adit are not remarkable, 
but the great quantity of water discharyed 1s a point of considerable 
interest and importance It 18 estimated that this adit 1s now 
discharging 15 million gallons or 66,000 tons of water in twenty 
four hours, although the outflow 1s purely natural, for no mines 
are pumping water into it It 1s now easy to understand that 
the Rhoscamor mino though provided with powerful pumping 
machinery was unable to cope with the springs 1t encountered 

In the United States the famous Sutro tunnel 18 an adit of which 
the main branch, 4 miles im length, reaches the great Comstock lode 
m Nevada at a depth of 1700 feet The total cost of this tunnel, 
which was completed in nine years, 1s estimated to have been 
$7 000,000 The quantity of water running out daily in 1879 was 
12.000 tons at a temperature of 123° Fahr at the mouth of the 
tunnel All this water must otherwise have been pumped to the 
surface at a cost estimated at $3000 a day The obstacles to 
pre were vely great not only was the heat extreme, but 
swelling ground was encountered which snapped the strongest 
tumber Thanks, however to the untiring energy of Mr Adolph 
Sutro the difficulties were at last successfully overcome, and this 
great work will long 1emain as a monument to his foresight, skill, 
and patient pertinacity 

The Atlantic Pacific tunnel } which was commenced 1n 1880, will 
pierce the heart of the Kochy Mountains under Greys Peak, 
Colorado It 13 being driven fiom both sides of the watershed, and 
will have a total length of 4? miles fiom end to end 


Siphons have been used for unwatermg workings m 
special cases, but of course they will not act unless the 
barrier over which the water 1s raised 1s very decidedly less 
than 33 feet 


Winding When workings cannot be drained by tunnels or siphons 


machin 
ery 


Pumps 


It 1s necessary to raise the water mechanically, either to 
the surface or at all events to an adit through which it 
can flow away naturally If the amount of water 1s not 
too considerable, 1t 1s often convenient to use the winding 
machinery and draw up the water in special buckets (water 
barrels) or tanks The bucket may be tilted over on reach 
ing the surface, or 11 may be emptied by a valve at the 
bottom This means of raising water 1s often adopted 
while sinking shafts, when 1t may be desirable to wait till 
the whole or a portion of the shaft 1s completed before 
putting in the final pumping machinery 

The varieties of pumps used in mines are numerous In 
small sinkings hand pumps, either direct actmg or rotary, 
may be applied , steam jet pumps on the principle of the 
Giffard injectors are also used, and pulsometers, though 
requiring a large expenditure of steam, have the advantages 
of being quickly fixed, of occupying little space, and of 
working with sandy or muddy water They are capable, 
therefore, of rendering great services im special cases 
When we come to the definitive machinery erected in 
large mines of considerable depth, we find that the pre 
vailing types of pumps arefew They may be classified 
as follows —(A) lifting and force pumps worked by rods 
mm the shaft actuated by wind, water, or steam power , (B) 
force pumps at the bottom of the shaft worked by steam, 
compressed air, or hydraulic pressure 

A In desernbing the first method we have to consi Jer the motive 
power, the rods, and the actual pumps themselves 

Windmills have the disadvantage, which is often fatal, that the 
power 18 not constant By erecting an auxiliary steam engine 
which can be set to work if wind fails, this evilis overcome and 
at the Mona mines in Anglesea a windmill pumps up water from a 
depth of 80 tathoms at the rate of upwards of 90 | penis per 
minute As the site of the mine 1s breezy, there 1s wind enough to 
work the mull about one half of the time 

Water power was for + long period the principal agent employed 
m draining mincs and it 1s still of the greatest utility in many 
districts, 1eservoirs being constructed to collect and store the 
rainfall Some idea of the scale upon which thes works are 
eonducted will be gathered from the following figurcs relating to 
the Harz mines In 1868 there were ‘ siaty seven reservoirs 
eovering an area of 604 acres and having a storage capacity of 
$36,000,900 cubic feet *? The total length of the vaiious leats, 


1 Mining and Soventific Press, San Francisco, 1882, vol xlv p 241 

3 Notes on the new Deep Adit in the Upper Harz Mines,” by H 
Bauerman, Report of the ufwmers Associal on of Cornwall and Devon- 
shure, 1868, p 21 
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races, and other water courses, including the six principal adits, 
about 170statutemiles The net power extracted 1s reckoned at 1870 
horse power, but Jess than one fourth of this 1s used for pumpin, 
Water power 1s apphed to pumping machinery by water wheels, 
turbines, and rotary or non rotary water pressure engines Lxcept- 
ing the case of the latter, the rotary motion has to be conveited intoa 
reciprocating motion by a crank , and furthermore with turbines the 
speed must be reduced very considerably by intermediate gearing 
Overshot wheels are the commonest prime movers when pumps 
are worked by water power, water wheels are frequently constructed 
40 or 50 feet in diameter, and at the Great Laxey mune, 1n the Isle 
ot Man, one of the wheels 1s no less than 72 feet 6 inches 1n diameter 
and 6 feet im the breast The debe Is conveyed fiom the water 
wheel by a connecting rod toa bell crank (bob) placed over the shaft , 
and when, owing to the contour of the ground, the wheel has to be 
placed at a distance, 1t 18 connected to the bob by the so called flat 


[DRAINAGE 


ater pressure engines have the advantage o 2 
to utilize any amount of fall, and those which are direct acting can 
be applied immediately to the main rod of the pumps 
Steam, however, 1s the power used par excellence in draining 
mines , indeed the first applications of steam power we1e made for 
this purpose and Watts great mventions owed their birth to the 
necessities of mines which could no longer be drained by the water 
power at the command 


The principal type of engine 1s that known as the Cornish engine, Cormsh 
eX engine. 


which 1s a single acting condensing beam engine workin 
pansively Its mode of action may be briefly described as follows 
Lhe steam 1s let in at the top of the cylinder and presses down the 
piston, which 1s connected with one end of a large beam, whilst 
the main rod of the pumps 18 attached to the other When the 
iston has completed” its course the equilibrium valve 1s opened 
y a cataract, and the pressure on both sides of the ian being 
now equal, the weight of the pump rods, o1 rather the excess of 
their weight over that of the counterbalances causes them to drop 
and force up the water from the mine by means of the plungers, 
which will be described immediately Double acting rotary 
engines working the mn by cranks may also be met with 
The rod in the shaft, known as the main rod or spea) rod, 18 

usually made of strong balks of timber butted togithe: and con 
nected by strapping plates fastened by bolts It serves to work 
either lifting pumps 01 force pumps, or both 
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Fig 8 


The lifting pump, or drawing hit (fig 87),? consists of the wind 
bore, the clack piece, the clack seat piece, the working barrel 


“8 Michell and Letcher on ‘Cornish Mine Drainage,’ Forty Third 
Annual Report of the Royal Cornwall Polytechnic Socety, p 211. 
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surmounted by pumps, and the bucket with its rod The whole 
works like any ordimary pump, and needs no special explanation 
The force pump used 1n mines, known as the plunger pump, 
consists of a soli 
stuffing box in a pump standing on the H piece Thus has a valve 
which communicates with the wradbore resting in the cistein 
Above the H piece comes the door mece with anothe: valve, and 
then a scies of pipes, geneially of cast iron, but occasionally of 
wrought iron, constituting the column The upward motion of 
the plunger, which 1s attached to the main rod, causes an inflow of 
watel, which 1s forced into the column when the plungcr descends 
It 18 usual to fix a drawing lift at the bottom of the shaft, which 
raises the water into a first cistern, and thence a plunger forces it 
into a second cistern some 60 yards higher up, and it 1s continually 
forced up from cistern to cistern until it reaches the adit or the 
surface 
There are numerous umportant matters which require special 
attention, such as the valves, catches, balance bobs, guiding 
arrangements for the rod in inclined shafts, the V bobs fend off 
bobs, and running loops, which havo to be used when there are 
bends in the shaft but space will not permit of more than mere 
mention of these details 
Such then 1s the standard arrangement worked by steam or 
water power for pumping from mimes The grevt advantage of the 
system consists in the employment of the plunger, because it 1s 
simply necessary for the machine to raise a weight shightly greater 
than that of the water, which 1s forced up afternards by the down 
stroke of the rods Leaks are readily discovered, and thc stuffing 
box can be easily screwed up as the packing wears this 1s one 
great reason of the superionity of the plunger comjared with a 
piston worl ing in a bariel 
The modrfcations of this system relate more to the engmes em 
ploved than to the actual pumps themselves 
The cylinder of the Cornish engine 1s sometimes reversed and 
stands over the shaft, the maim rod being attached directly to the 
piston hus type of engine, known as the Bull enzme in Corn 
wall dispenses with the ponderous beam, but it has the gieat 
disadvanta,e of obstructing the mouth of the shaft The use of two 
awe combined, as invented by Woolf, causes less stra upon 
the main rod and pumps (pw work) and machinery genctally as the 
initial wlocity of the piston 1s smaller and the engme starts with 
jerk ‘Lhe cylinders are placed side by side 01 one above the 
other 
hley of Bonn, has constructed engines on the Woolf system with 
steam acting on both sides of the pistons He makes the excess of 
the weight of the rod over that of the counterbalances sufficient to 
raise only half the weight of the water and to overcome the fiction 
and then in the descending stioke the steam acts on the top of the 
piston and so makes up for the insufficiency in force of the rods As 
the steam acts on both sides of tha piston the same amount 1s con 
sumed it 1s true, but a smaller cyfnaer will do the work and the 
original cost of the engine 1s lessened The same engineer of late 
years has put up several pumping engines in Belgium German} and 
France of 30 to 560 horse power, witha fly wheel which serves simply 
to regulate the stroke of the piston so that the crank alwa\s stops 
before of afte: the dead point till the cataract starts another stroke 
The engmes aie double acting, with two cylinders and beam The 
advantage of working with the fly wheel 1s that the main rod and 
pumps ate set m motion without the imurious jerh unavoidable 
with a Cornish engine worked at a high 1ate of expansion 
M Guimotte, the well known Belgian engineer also adopts a 
fly wheel, and the engines he has eructed at Matemont and else 
where are single acting rotary engines with one cylinder The 
peculiarity of the fly wheel 1s that he can weight 1t m any way he 
pleases , and he so overcomes the difficulty which occurs in other 
rotary machines, of its being umpossible to wo1k them below a certain 
speed Hus object has been to make the speed slow at the beginning 
and end of 4 stroke, so as to avoid the injurious shocks to the vals es 
and machincry generally from sudden starts and stoppages In 
onder to make the main 10d act by traction only and not compression 
Which may be advisable with uon rods, the plunseis are sometimes 
rcversed , whilst Kraft of Seramg has introduced the Rittinger 
y ump, which consists of s hollow moving plunger with a valve inside 
and a plunger case above it working over @ hollow fixed plungu 
By this arrangement both the up and the down stroke of the 
en,ine cause water to be forced up, and this pump 18 used with 
a double acting 1otary engine 
B Wo must now speak of the second class of yumjs +17 force 
pumps worked by steam, water power, or comprsstd au at the 
fiattom of the shaft 
The steam pumps are of very vatious desciuptions” but they 
mostly consist of one or two plunges, o1 1ams stim motion by a 
rotary or a non rotary engine, which may ot may not wok with 


VENTILATION. } 


1 Michell and Letcher on ‘ Coimsh Mine Dranage, Forty Third 
Annual Report of the Royal Cornwall Polytechni Society, p 211, 
* Stephen Michell, Mine Dravnage, London, 1881 


piston (plunger) (fig 88)! working through a | 
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| expansion and condensation The plunger or ram 1s generally 
| fixed duectly on to the piston, and works in the same hne, con 


sequently the power 1s transmitted to the plunger with the least 
| ee loss ‘The water 1s forced up theshaft in one long column 
| Engines and pumps of this kind are easily kept in ordcr, all the 


. parts are readily accessible The miner 1s able to dispense with the 
eavy beam, the massive engine house, the long main rod and its 
connexions and bobs, the various cisteins and plungers, and mstead 
he has a compact and easily supervised mache and a simple line 
of pipes taking up but little space in the shaft, the pump can 
therefore be erected and sct to work very quickly, and this 18 & 
matter of the utmost importance in emeigencies It 13 true that 
these direct acting steam pumps, even when worked by a compound 
engine, cause a greater consumption of coal than the Cornish engine, 
but, as a set off, there 1s the economy im frst cost, erection, and 
repairs which has led to their adoption more especially in collieries 
The steam is generated by boilers underground, or 1s conveyed from 
the surface in well jacketed pipes 
If natural water power 1s available water yressure a working 
the plunger directly are often employed, and mdeed such water power 
may be created artibcially fo. use in workings where steam power 1s 
objectionable on account of the heat Theie are other reasons too 
for employing water for transmitting power, where the length of 
the rods 1s very great, and they have to be worked quickly, there us 
a great lability to breakages, 1n order to overcome these difhculties 
at the mines on the Comstock lode, Mr Jose; h Moore? ures a steam 
engine at the surface to work an hydraulic accumulator, and then 
by oe conveys the water under pressure to hydraulic engines 
working plungers These are fixed at 2400 feet fiom the surface, 
and force the water mm one column, 813 feet high, to the level of 
the Sutro tunnel The exhaust water 1s returned to the surface mm 
pipes and used ove: again The pumps are now raising 1600 to 
1700 gallons per minute 
Where compressed air 1s being supplied toa mine for dniling 
and winding purposes, it is often convenient to employ it, b 
means of direct acting pumps, such as wre genetally used wat. 
steam, for the drainage of small temporaiy sinkings and occasion- 
ally large pumps raising considerable quantities of water are worked 
mn this way 


11 Ventilation and Lnghting —The composition of the 
air of the atmosphere 1s about one fifth by volume of 
oxygen and four fifths of nitrogen, with a httle carbonic 
acid gas, more exactly, the standard amount of oxygen 
may be taken at 209 per cent, and that of the carbonic 
acid gas at 003 per cent The atmosphere of mines 1s 
subject to various deteriorating mfluences not only do 
noxlous gases escape from the rocks mto the underground 
excavations, but also the very agents employed in the 
execution of the work itself pollute the air considerably 


The dangerous emanations of fire damp 1n collieries have Deleten- 
been already described (Coat, vol vi p 72), and with ous gaseq 


reference to this gas it 1s simply necessary to say that its 
presence 1s not entirely confined to coal mimes Large 
quantities have been observed in Silver Islet mine,* Lake 
Superior, where several explosions have occurred, whilst 
small quantities are met with in the stratified ironstone of 
Cleveland, and also m the Cheshire salt mines , Jets ot the 
gas may be seen constantly burning in the salt mime at 
Bex in Switzerland , a little has been noticed also in lead 
mines in Wales and Derbyshire In the Sicilian mines the 
amount given off by the black carbonaceous shales inter- 
stratified with the sulphur beds 1s suffiuent to cause 
dangerous explosions It has been punted out (vol wi p 

72) that carbonic acid gas exudes from coal ,* 1t escapes 
also from some muneral vem» At the lead mines of 
Pontgibaud in central France it 1s so abundant that special 
fans have to be provided for getting rid of 1t, very distinct 
issues of this gas may be observed at the Foxdale mines in 
the Isle of Man, and in the Alston Moor district it 1 not 


3 Trans Inst Engineers and Shipbuildersin Sotland 1%d2 

* Engineering and Mining Journal, vol xxv p 022 

5 A Schondorff, ‘‘ Untersuchung der ausziehenden W ettemticme in 
den Stemkohlenbergwerken des Saarbeckens, Zeitschrift tur das Berg , 
Hutten , und Salinen Wesen im Preussuschen Staate yol xxv p 78, 
and Cl Winkler, ‘‘ Die chemische Untersuchung der ber verscinedenen 
Steuhohlengrubin Sachsens ausnehenden Wetterstrome und ibre 
Ergebnisse, ’ Jahrbuch far das Berq urd Huttenwesen tm A magreiche 
Sachsen auf das Jake 1882, p be 
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uncommon This gas 1s hkewise given off in the Sicilian 
sulphur mines, where also the highly poisonous sulphuretted 
hydrogen 15 of frequent occurence, the water in the work- 
ings omg often saturated with 1t Small quantities of 
mercurial vapour occur 1n quicksilver mines 
Such then are the prinupal gases which naturally pollute 

the atmosphere of mines, and have to be swept out by 
ventilation In addition to these we have the products 
of the respiration of the men and animals mm the pit, and 
those duc to the combustion of candles or lamps, and the 
explosion of gunpowdu, dynanute, de 

Dr Anus Smith! 1chons that two men working eight hours, 
and using 4 Tb of candles and 12 oz of gunpowder, produce 25 392 
cubic fuct of carbonic acid (anhydiide) at 70° PF ,—viz, 10 32 by 
breathing 12 27 ly can Iles, and 2 796 by gunpowder 

The products of the explosion of gunpowder have been carefully 
stndie} by Ciptim Noble and Su Frederick Abel, and the follow- 


mg fisus, showmmg proportions by wught, are copied fiom the 
valuable py 1 contami, the results of sone of their researches — 






Curtis & Harvey s | Vining 
No 6 Gunyowder |P wdu 
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34 46 
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2 4 
| o 4 


3% 


The v lume (calculate ] £14 t mperature cf 0° C and barometer 
760 mm of mercy) of parmanc it zascs ,enerated Ly the ex) losion 
of 1 gramme of diy pow ler b—~ 


MY Sanau and Vicille have communicate! to the Academy of 
Scien cs? the results of their researches concerning the decompost 
tion of ccitain explosives and m ie paiticulaily jun ectton and 
nitratul Jun cotton The following table shows im litres, the 
volume ut 0° C and 760 mm of in icury) of each of the .ases per 
hile amine of the substance cx Jo le Lin 4 closed vessel — 


J! 


(60 per cent ) 


Nitro givcenn 1% 
Ordinaty blasting pow det (4 130 
Kind of Explosive NO, CO CO WON Cy Jotal 
Pure ginc ton 139 237 Wt 4. 3 7 565 
Guncot 1 and ritate cf} 37 | 16 
petash (oy recent Fcach 4 ewe : | 
Gun cotton (4) y cent ) ant) 
mitiate of ommcma(d yer, 127 6 10° Pon 414 
cent ) 
Nitro gly ceiin 218167 GS " ¢ 7 42 





When explosives are decom ox Lm this way they bate nitiie 


1 Report of the Co nmessioners Apporated to Inquire rnto the Condi 
tron of all Mines in Great Britan t 2+ h the Provisions of the Act 
23 & 24 Vet ¢ 151 donot apply, Append B, p 224 

* “On Fued Gunpowder, Captun Noble and Mr F A Abel 
Phil Trans, 1880, p 278 ; 

3 ** Recherches experimentales sur ]4 decomposition de quelques 
axplosifs en vase clos , comyosition d¢ gaz formes Comptes Rendus, 
1889, pp 1058 and 1112. 
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oxide and carbonic oxide, and the analyses of MM Sarrau and 
Vienlle confirm the practical experience of miners, who complain 
greatly of noxious fumes when, owing perhaps to a bad detonator, a 
charge of dynamite 01 tonite fails to explode properly 

The air of mines is finally deteriorated by oiganic matte: con- 
tained in the exhalations of the mon and animals employed and 
in the products of decaying timber, by dust, and by the sola par- 
ticlcs constituting the smoke of explouves It must be recollected 
also that the injury to the air 1s not confined to the addition of the 
gases and substances Just mentioned , but the proportion of oxy gen 
1s diminished by the combustion of candles, by respiration, the 
decay of timber, and decomposition of some minerals such as uon 


pyrites Di Angus Smith* sums up the results of his analyses of 
the air of British metal mines as follows — 
Percentage by volume, 
Oxygen averige of °39 specime:s 20 26 
; of ends 20 18 
other paits 20 32 
’ In currents 20 68 
in luge cavities 20 77 
; Just unde: shifts 20 42 
3 in BUM; Ss 2014 
Carbone acid 0 785 


He considers airwith 20 9 per cent oxy genas normal, andan with 
proportions between that and 20 6 as unpwe, and where the per 
centage of oxygen descends below 20 6 he calls the air exceedingly 
bad — According to these standards, only 10 67 per cent of the 
samples showed the air to be normal or neatly so, 24 69 per cent 
were decidedly nmpure, whilst 64 63 per cent or nearly two thuds 
of the samples were exceedingly bad ‘he amount of oxygen in 
one specimen was as low as 18 52 per cent, whilst the carbonic 
acid often exceeded 1 pei cent and in sevelal instances 2 per cent 
It 1s evident that twenty years ago the ventilation ot British 
mctal mines was anythin but satisfactory, and even now there 1s 
room for improvemcnt 


Having eaplained the reasons why the air of mimes must 
be constantly renewed, we must now point out how this 
desirable end is effected 


Two systems are employed,—natural ventilation and Systems 
artificial ventilation, but, as both systems have been of vent 
described (Coat, vol v1 p 70), hittle remains to be said 


here, especially as the ventilating machines in metalliferous 
mines generally cannot for one momcnt be compared with 
the powerful appliances employed in collieries In vein- 
mining there are generally many more shafts than in 
collieries, and natural currents are sct up which are often 


I 
cousidered sufficient for ventilatmg the mines, never- 


theless, the advanced workings, such as the ends, rines, 
and winzes,—in fact all workings in the form of a cul de- 
sac,—are likely to require special means of ventilation 
as soon as they proceed a little distance from the main 
air current 

The means of ventilating a drift or heading are various, 


If a natural or artificial draught i/ 
exists at the mouth of thedrift, YY 7 
it may be diverted by an up : 
right partition (brattice), or an 
airway may be constructed yy 
along the 10of or floor by a LLL, 
horizontal partition of planks Fig 89 
(au sulla) (fig 89) In this way a sufficient supply is 
secured at the end or fore breast 

The water blast 1s another simple apphance , 1¢ 19 pre- 
cisely the same as the 
well known tromp, and 
it blows a current of air 
through square pipes 
made of boards, or- 
better through cylindri 
cal prpes of sheet zinc 





The fall of water may be applied by Wilhams’s water-jet, 
shown mn fig 90 The jet of water acts hke an mjector, 
and creates a powerful current 

Small fans driven by boys, or better by small water- 
wheels or other machinery, are frequently appleed, and the 


“Op cit, p, 222, 
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Harz blower (duck machine, Cornwall) (fig 91) 1s not 
uncommon ‘This is merely an air pump of very simple 
construction which 1» worked by the 
main rod of the pumps, and can be 
arranged so as to exhaust the foul 
air or force in fresh air 

In workmg in blasting ground, 
boung machines driven by com 
pressed air are becoming morc and 
more largely used every day, and 
the exhaust air escaping from the 
machines 1s invaluable for ventilation 
At the same time, on account of 
volley firing, the quantities of dele 
terious gases gencrated in a short 
space of time are very considerable , 
and, in order to gut md of them 
speedily, the compressed air may be 





Aspwators utilized for workmg a Korting aspirator 01 the somewhat 


Lighting 


similar ventilator of Mr Teague, a Jet of compressed air 
turned mito a ventilatmg pipe, which creates an exhaust 
(fig 92!) Naturally this 
ventilator 1s merely 
brought into play at the 
time of blasting, and 
while the boring ma 
chmery 1s out of use 
Wher compressed air 1s 





: Fig 92 

being supplied on a large scale toa mime for boring and 
winding machinety, 1t 13 often convenicnt to convey it by 
a small gas pipe to working places in which the ventilation 


isinadequate Of course, in one sense, it 15 vely wnecc no 
mical to compress an toa pressure of 60 or 70 tb to the 
square inch for ventilating purposes only , but, wherc com 
pressing machinery 1s always at work on the minc, it may 
be better to be a little wasteful of cheap power at the sw 
face than to go to the gicater expense ot having a man or 
boy to work a fan underground 

Mimey aie lighted by lamps, torches, candles, and 
electricity The sulject of safety lamps for fiery mines 
has alrvady been discussed (see Coit, vol vi p 72), and 
consequently the question of illumimating mines may be 
treated in a very summary manner 


Lamps valy very much in shapeand size = The Sicilian miner has 
a mete shallow cup of unzlaved pottery the Saxon a small tin o1 
brass lamp ma wooden box lincd with tinplate 
and open in front In the Harz the mma y1cfcrs 
a heavy flit von lamp with + hook by which it 1s 
stuck into the timLer o1 any crack in the rocks , \ 
in Fiance, n»ithern Italy, an] paits of Spam, the 
iron lamp 1 lenticular im shape and aisosuspended — | 
by a hook In Scotland, and paits of Gumany 
and the United States, a cult tin lamp of the 
shape shown in fig 93151015 common, the hook 8 
enables it to be carrucd on the hat while chmbinz Tig 
ladders, and to be fixed up underground Olive oil and rape oil ae 
burnt in these lamps , petroit m lamps ate emplovcd occasionally 

The mineis of Englind ind Wales stall cling to the tallow candle 


and when surrounded by a lump of clu it can crsily an L quichls be | uses his arms simply to steady hun 


fixed in the working } Jace or Cunicd upon the hat when cimting 
Gas brought down fiom the suifacc answ ts for Muminatmg Ins 
excry ations, stich as on setting placcs me enzinc rooms 

Up to the present time the ctu ll t has been but little used 
underground on account of its want of y utabilty, ad the small 
ness of the spaces requuing iWlumimation Very often a few men 
only are employed in eich working plan, ant cons yuntl the 
expense Incurred in fixmg and shifting the Lamps ant mamtuning 
them alight would be out of proportion to the value of the work 
exceuted However, an meandescent elu tne | ay has ou iny ented 
weighing only 10 Tb, which gives the Lzht of thiee candles for sn 
hours, and it may be reasonably expected that improvements will 
be made which will rendor the electiue hght mon awaulrble for 
underground purposes than it 18 at present §= When the area requir 


mg illumination 1s large, wm aru lamp may be used with adv untage 


ad 


1 Trans Roy Geol Soc Cornwall, vol x p. 142. 
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Among the first successful applications of electile hyhting to 
underground excavations may be mentioned that of Wo blavici at 
the Angers slate quanics In the year 1879 he fixed two Sermn 
lamps in one ot the large underground chambers with an aica of 
2400 square yards, and he found that they gave light cnoush foi all 
the men at work ‘The total cost reckoning everything, viz , coal, 
carbons, icp uns labow depreciation of plant, and interest ou cay ital, 
1s 50 francs pur day the gis formerly im use cost 54 fiance a day 
and gave much less ght It 15 evident, howevc, that the are lights 
can only be ap, lied with advantage in gy 111 ass where a laige 
numbe1 of men aie concentrate lin ony workin 11va which can be 
Wlummated from one o1 two pomts 

The latse chambers in the salt mine ct Maos Ujya in Hungary 
have been rezuludy Lighted up by secant since 1880 = [hie cost 
1s somewhat zeiter than that of the tallow, ol o1 yctrol um 
formerly in use, but, on the other hand the ummation ts better, 
the mcn can do more work an] ue nore casily supervis |v hulst 
the au of the mine 1s not deter iated by the }10ducts of combu tion 
of the lamps 2 


12 Veans of Descending into and Ascending Jrom Means of 
Afines — Where mines sie worked by adit levels the men cess 


naturally walk im along the ordinary roadways, such 
mies, however, are exceptional, and the men generally 
have to climb down and up by ladders, or are raised and 
lowered by machinery The means of access to and from 
workings may be classthed as follows —(1) steps and 
slides , (2) ladders , (3) cages, (+) man engines 


If a lode o1 sevm 1s inclined at an angl cr 40° 01 50° fiom the Steps, 


horivon steps mv te cut m the floois of the deposit af it 1s firm 
cnough, or wor lun st ns may Te put m with v hmlial Even 
with higher dips st 1 may le ananged by due tin, them im a line 
mtume lite Letwe n the yy anltle stile In speakmg ot con 
vevyance under round, reference has already Leen made to the practice 
of atiyimg sulj hur orc im “uly aa slate m Gamany up to the 
surface Ly steys an steps may le founl im othe: forerju mines 
wl owasionally inGreat Butun They ae much less fatisuing 
than laclers place l so flit that part cf the weight of the b ly rests 
nyon the aims 
des en] by woo'en shdes incline Lat anwle vans jfiom =| to £0°, 
flattens at tne bettom to desticy the vel itv gaduuh — the 
ascent ls eflect 1 by steps 


Ladders are vcr} largely used mm metal mines all over Ladders, 


the world, but they va1y a good deal im different countnes 
The ladder coisists of two sides and a series of rungs 
(staves, Conwall) The sides are usually made of wood, 
and the rungs of wood o1 non The distance between the 
rungs 1s important, 10 mches trom centre to centre 1s 
sufhuient, for climbing upon ladders with the iungs 12 
inches apart is deudedly moi fatigumg On the Content 
wooden rungs are commone: than non ones, and oak 1s 
pieferred Sometimes the wooden staves, instead of being 
round, are flat, so as to stand more wear, and 110n sides 
maj be seen m places where diy rotis very bad Platforms 
should be fixed at shot intervals, not exceeding 3 or 4 
fathoms in perpendiculir shaft, 20, A 
as to prevent falls trom having fatal 
consequences 

In many cases sufhuent attention 
is not paid to the angle of mehnation 
of the ladders A ladder 1s climbed 
with the least fatiguewhen the person 





self, and 1s not compelled to pull 
himselt up by them, as on a vertical 
ladder, o1 to support much ot the 


happens witha very flat one The 
best angle 1s about 20° fiom the 
veitical, and in Belum the autho 


Fig 94 


nities have very wisely decreed that no ladder shall be 
inclined at an angle ot less that 10° tiom the vertical 
Twthermore, ot the two armngements siewn in hz 94 














AV Blavier, “L’ Ldaniye clectique aur indari tes u Angers,” 
Annales dts Vines ser 7, val wun 1880 |S 

3 Oesternchisce Zatschiyt fur Bory tra Li de sen, 1882, No, 
25, p 296. 


In some of the Austuan salt nu s t ¢ men Shdes 
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Ais better than B, because 1t not only affords a greater 
inclination for the ladders, but also renders 1t leas likely 
that a man will drop through the opening (manhole) in 
the platform (sollar) if he loses his hold and falls These 
may seem trifimg matters , but, leaving aside the question 
of safety, the economy derived from fixing the ladders 
at the best inclmation 1s by no means small To make 
this apparent we must recollect the depths to and from 
which men have to climb, viz, 300, 400, and even 500 
yuds Itisimportant, therefore, to save every unnecessary 
expenditure of energy, which, though trifling for one ladder, 
becomes considerable when repeated a great number of 
times When a mine has reached a depth of 200 yards, 
and « fortior: when it exceeds it, mechanical appliances 
should be introduced foi raising and lowermg the men, 
because time and strength are wasted by climbing 
Medical men also are agreed that excessive ladder chmbing 
18 injurious to the health of the mmer Therefore, both 
upon hygienic and financial grounds, one of the first 
thoughts in working a mine should be the conveyance of 
the men up and down the shafts by machinery with the 
least possible fatigue 

In colheries and other mimes worked by perpendicular 
shafts, 1t has long been customary to raise and lower the 
men by the ordinary winding machinery already described 
In the Umted hingdom it 15 necessary that guides should 
be used if the shatt exceeds 50 yards in depth, safety 
catches and disengaging hooks (Coat, vol vi p 75) are 
frequently applied foi the purpose of preventing accidents 
The simplicity of this method of mgress and egress 
naturally rcnders 1t popular, and statistics prove that, 
where proper precautions are used, 1 15 exceedingly safe 

The first man engine Was put up in the Harz in 1833, and 
nine years later a similii machine was fixed in Tresavean 
mine in Cornwall Since that time this very useful means 
of conveying workmen up and down shafts has been resorted 
to in other mining distiicts, and especially in Belgium and 
Westphalia 

Two hinds of man engine are in use the double rod machine and 
the single rod machint The doube10d o1 ongimal man engine 
consists of two repro atin, ro 1s ike the mun rods of | umps, cart) 
nz small platforms upon which the men stan! The stroke 1s from 
4 to 16 feet and the litle } latforms are « arranged that they are 
alvays 0} | obite each other at the be mung and end of cach stroke 

Figs 99 ant 96 rey icsent the r¢ 1s in the two final positions =A 
man Who wishes to dc cul steys upon }latform d (fig 9) therod 
B goes down and A gies up so that b (fig 96) 1s biousht opy osite 
ce The mau steps across trom b toc and then the 1od A mahes a 
down stroke ban uy str ke J Jatform ¢ ts now oy po 
site « (fig 95), and the man asain stcys ito. and 
thus by constantly stcj;ing from the acl a it om 
pletes its down strote the man is A ala 
gradually conveycd tc the bottom of i AK 
the shaft By reversm. the process 48 ° 
ot, m other words, by stepping off | 3 
on to the “ osite platform as soon ~~" 


as the 101 has complctud its wy 
strole the man 1s raise 1 to the sim rT coats 
face with ut any fatigue bey on i tnat Z 

cf the very shoht cfluit of step] in, oath 
sidcwiss =f ca hh rol males f 11 mr) 


up ant | wn str les of Ju fect cicn 
per nunute the rate of ascent o1 
descent will be 80 fect per inmute 
The smile 101 man cn ine has 1c 
rod ca1yin, steys whilst facly at 
forms aie alranged in theslatts 4 
to correspond cxactly with them 
(fig 97) If a man wants to ¢> 
down, he steps on to A when the 


up stroke 1s completed, the rod goes p : viraae 
down and A 1s brought down oy} 0 ig 9 Tig % Fig 97 
site to the fixed platforis b, on to which le stcys off He then 


waits on b until the rod hes finished its uy sticl Jo a5 Prought 
opposite 6, he steps on to B the rod grcs down an] be 5 broucht 
opposite ¢ where he steps off a,ain an] waits Py reversing th 
operation he 1s gradually lifted to the toy of the shaft Lhesmg) 
Tod engine may be used by men gomg up while otheis are goin,: 
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down, provided that there 13 sufficient room upon the fixed plat- 
forms (sollars) The best plan is to have sollars right and left as 
shown 1n the ae and then theascending men step off to the left, 
for instance, while the descending men aes the nght hand sollars 
‘The ascending man steps on to the man engine as soon as the 
descending man steps ott and so the rod may be always carryin 
men up or down The usnal strohe in Cornwall 18 12 feet, an 
there are from three to five or six stiokes a mmute With hve 
strokes the men descend 10 fathoms a minute, or mn other words a 
descent or ascent of 300 fathoms occupies half an hour The 
reciprocating motion is best obtamed from a crank, because in this 
case the speed 15 dimimished gradually at the dead pomts, and 
the danger of an accident 1n stepping off and on 1s thereby dinun 
ished, man engines, however, are sometimes driven by direct acting 
engines 
an engine rods are constructed of wood or iron, and at An- 

dreasberg in the Harz each rod 1s replaced by two wire ropes Like 
a pump rod the man engine 10d requires ve balance bobs and 
catches, and for the safcty of the men a handle is provided at a 
convenient heizht above cach step 

‘The man engine has one gieat advantage over the cage, which 
consists n the fact that 1t can be safely applied in inclined and even 
crooked shafts , and it 1s for this reason that man engines have been 
adopted in many metal mines unprovided with vertical shafts 

Careful compatisons as regards safety of travelling have been made 
in Prussia between ladders, man engines and cages The avelage 
accidental death 1ate 1s shown by the accompanying table, which 
gives averages for aj ciiod of ten yous 1871 to 1980 — 


L lite 
B 942 
0101 


Man engines 
7 191 
41 
0 570 


Avelage annual number of men travelling 
Total numbe: of peisons huilied 
Avelage annual death rate per 1000 





The table shows that the cage is nearly as safe as ladders In 
reality if the actual distance travelled were taken to account, the 
cage would appear to be safer because we may fairly assume that 
the mines in which men are hoisted by cages are on the whole very 
much deeper than those in which men ascend and descend by ladders 
The man engme appears to be decidedly more dangerous than 
either the cage 01 laddeis Here again a distinction 1equnes to be 
made between the single 10d and the double rod machincs, and the 
Prussian statistics include many of the latter It wall be really 
un leistood that a fall in a naked shaft with few fixed platforms 1s 
much more likely to be fatal than a fall in the shaft of 2 sunzle 10d 
man engine which 1s closed with the exception of the manhole at 
intervals of 12 fect The Belgian warocgu res are rendered safer 
than the Harz or Saxon man engines by having a railing round the 
back of each} ]atform onthe1od Some of the double 10d machines 
are made with large } latforms so that two persons can stand on 
them one going up and the other gomg down o1 both travel'ing 
in the same direction The use of double rol man engines has been 
entirely abandoned in the United hingdom The death rate hom 
accidents on man engmes mn Cornwall and Devon durng the 
nie years 1873 to 1881 was 017 per 1000 persons using them, 
whilst the annual death rate per 1000 persons using ladders 
was slightly higher, viz, 019 If the actual distance travelled 
wore taken into account, the scale would turn more decidedly in 
fay our of the man engine 

The cost of raising and lowermg men by the man engtne 1s not 
great At Dolcoath, a tun min in Cornwall approaching 400 
fathoms in depth (see figs 62 63), 1t 1s rechoned that 14d per man 
per day covers all expenscs including interest upon the capital 
expended and depreciation of plant 


13 Dressing or Mechanical Prepa. ation of Ores —In a Dressing 
large number of cases the mineral, as it 1s raised from the of om 
mine, 18 not ready for sale It usually requrcs to be sub 
jected to mechanical processes whercby the good ore 15 
entirely or partly freed from valueless vemstone These 
processes, which im a fcw special instances are aided by 
calamation m furnaces, are known as the dressing or 
mechanical preparation of the ores Asa rule the valuable 
ore 18 specifically heavier than the vemstone, and most of 
the separating processes are based upon the fact that the 
heavy particles of ore will fall m water more quickly than 
the light particles of veinstone 

The processes of mechanical preparation may be classified 
as follows —(1) washing and hand sorting , (2) dismntegra 
tion, or reduction im size, (3) classification by size or by 
equivalence , (4) concentration 

(1) Sometimes the ore coming fiom the mine requires 
amply to be freed from adhering particles of clay in order 


Disin 


tegra 


tion 
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to be rendered fit for sale, at other times the washing is 
necessary 48 & prelimmary process previous to sorting by 
hand The operation is performed either by raking the 
ore backwards and forwards upon a grating under a stream 
of water, or i a box containmg water, or, thirdly, by 
means of an inchned revolving iron drum worked by hand 
or any other motive power The machines used for this 
purpose, known as washing trommels, are revolving 
cylinders or truncated cones of sheet iron provided with 
teeth mside The ore 1s fed in at one end, 1s subjected to 
the action of a stream of water, and is discharged at the 
other end 

The stuf, te, the mixed ore, veinstone, and country 
rock, having been cleansed, 1t 1s now possible to make a 
separation by hand Women and children are generally 
employed for this work, as ther labour 1s cheaper and 
their sight sharper than that of men The stuff 1s spread 
out ona table, and various classes are picked out according 
to the nature of the products furnished by the mme 
Thus in a lead mine we may have—(a) clean galena, (6) 
mixed ore, te, pieces consisting partly of galena and 
partly of barren veinstone, (c) barren vemstone and country 
rock This is a most simple case, very frequently we 
have to deal with a vein producing ores of two metals, 
especially in the case of lead and zinc, and then the 
classification ito various qualities becomes more com 
plicated 

(2) Reduction m size 1s necessary for two reasons Even 
when an ore 1s sufficiently clean for the smeltur the large 
lumps are often crushed by the mmer for the sake of 
obtamimg a fair sample of the whole, or supplying a 
product which is at once fit for the furnace The chief 
reason, howcver, for disintegration hes in the fact that the 
particles of ore are generally found enclosed in or adhering 
to particles of barren veinstone 

The disintegration 1s effected by hand or by machinery 
Large blocks of ore and veinstone are broken by men with 
large sledge hammers, and the reduction in size 1s continued 
very often by women with smaller hammers Sometimes 
the blow of the hammer is directed so as to separate the 
good fium the poorer parts, and hand pickimg accompanie> 
this process, called cobbing Ore may be crushed fine by 
a flat headed hammer (?tuAang 270) on an n10n plate 

The machines used for reducmz orcs to smaller sizes are 
very numerous here it » imposible to do more than 
briefly call attention to those most commonly used These 
are stone breakers, stamps, rolls, m Ils, and centrifu_al 
pulverizers 

The stone breaker, or rock breaker 1s a machine with 


[reaker two jaws, one of which 1s made to ypproach the other and 





kia 98 —Blake 5 Stonebreaker improve 1 Ly Mars len 


go crack any stone which hes between them The best 
known stone breaker 1s the machme invented by Blake, 
which has rendered inestimab!o scrvices to the miner for 
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the last twenty years, and the introduction of which con 
stituted a most important step in advanee in the art of 
ore dressing Its mode of action is very simple When 
the shaft A (fig 98) revolves, an excentric raises the 
“‘nitman ’ B, and this, by means of the toggle plates C, C, 
causes the movable jaw D to approach the fixed jaw E 
by about 2 nch at the bottom When the pitman descends 
the jaw 1s drawn back by an mdiarubber spring The 
Jaws are usually fluted, the mdges of one jaw being 
opposite the grooves of the other, and they are so con 
structed that the wearmg parts are quickly and easily 
replaced 

Mr Marsden of Leeds has lately introduced a pulverizer, 
constructed on the principle of the stone breaker which 
will reduce large stones to the finest powder in one opera 
tion The moving jaw has an up and down as well as the 
old backwards and forwards motion, and the stones are 
first cracked and then ground by the double action 


Stamps are pestles and mortars worked by machmery stamps 


The construction of the modern California stamp mill with 
revolving heads 1s explained in GoLp, vol x p 747, and 
the desctiption need not be repeated In Cornwall the 
older form with rectangular heads stil prevails 

It 1s impossible to give any correct average figures 
representing the work done by a stamping mull, because 
this varies with the hardness of the stuff treated and the 
fineness to which it must be reduced However, 1t 1s usual 
in Cornwall to rechon 1 ton of tstuff and in Califorma 1 
to 14 ton of gold quartz stamped per horse power in 
twenty four hours 

Stamps are principally used in dressing the ores of gold, 
silver, and tin, but are occasionally emjloyed for those of 
copper and lead The stamp» described at vol x p 747 
act simply by gravity Another form, which has met 
with favour mm the Lake Superior district, 1» the direct 
acting or Ball stamp, which works lke a steam hammer, 
the blow of the head bemz asusted by the pressure of 
steam At the Calumet and Hecla Vill Lake Superior 
each Ball stamp 1s capakle of crushing 130 tons im twenty 
four hours Ina thud kind of stamps, the heads are lifted 
by a crank and the power of the up stioke compresses a 
cushion of air (pneumatic stamps) or a spring, storing up 
power which makes the down stroke strike a heavier blow 


Revolving rolls were intioduced in the west of England Rolla, 


in the early pait of the present century to replace bucking 
by hand The machine, now often known as the Corn sh 
ciushel, consists of two cast iron or steel cylinders which 
revolve towards each other whilst at the same time they 
are kept pressed together by levers or sprigs The 
cylinders or rolls are generally from 1d inches to 2 teet or 
2 feet d mches in diainctcr and 12 to 22 inches wide 


Stone mills constructed Lhe flow mills are emy loyed mm Mill, 


some countries for reducmg ores to powder, and the 
cori t, Which consists of hewy stones dragged round 
upon 1 stone bed, has rendered good service in grinding 
and wnalzimating gold and silver orcs, n spite of its being 
slow and cumbusome Lidze runners (Chilian mills) also 
desirve mention 

lion mills known 5 pans, with grindiug surfiees made 
of chilled cation and arringed so that they can be 
quickly and cisily replued when worn out are greatly m 
vogue m the Umted States for the treatment of ores ot 
gold und silver, the ore delivered tothem is alzeady finely 
divided and they are intended not only still further to 
ieduce the size ot the particles but also and more expecially 
to effuct the amalgamation ot the precious metis with 
quicksilver The pulverzers used in Cornwall tor zrinding 
grams of tin ore with a little waste still adhering to them 
ait also iron mills 

The centnfuzil pulserizers are machmes by which the 
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pieces of ore are thrown with great velocity against bais or 
arms, or against each « ther, and so reduced to powder, mn 
other machines mon balls or iron rollers are whirled by 
centrifugal force a,funst an iron casing and grind any 
mincral contamed inside it ~=These pulverizers are much 
less uscd than stone breakers, stamps, and rolls for the dis 
atcsration of metillic o1cs 

(>) (lissification of a crushed ore into sizcs 15 absolutely 


nofnccess 1y In some casts and advisable in others, because 


3 


the subscquent conccntration 1» dependent upon the fall 
of the particles in watcr, as will be presently explained 
Classific ition by size 1s effected by sieves Hand sieves 
and flat sicves pliecd one above the other have been super 
ndid at most dicssing establishments by cylindrical or 
toni revelying sacaus known as trommels These 
screcns 1¢ mide of wire web or of perforated sheets of 
mctil, and they are often atzanged s0 as to discharge one 
into the other, so that the ore from a crusher can quickly 
Le scparited mto classes of various sizes 

With s1zcs of Iess than 1 millimetre (,4, mch) trommels 
aic ne lonscr employed, and recourse 1s had to the so called 
sepuraitors or Classifiurs These are boxes in the shape of 
mverted concs or pyramids into which the finely crushed 
oie 1s biouzht by means of a cunent of water, a jet of 
clean witc 15 often made to rise up in the bottom, the 
larger and the specifically heavier particles fall and are 
dischaizcd with a sticam of water at or near the bottom, 
whilst the smaller and sperfically hghter particles flow 
awiy at thc top The separators do not effect a tiue classi 
hcation by aze they meicly cause a division by e ywevalence, 
a term which will be cx} lamed immediately 

(4) We now have to dcal with the enriching of the ore, 
or the concentration of the valuable particles into as small 
a bulk as1s economically advantageous The concentration 
15 genetally brought about by the fall of the particles in 
water Occasionally the fall m an 1s utilized, mercury 1s 
employed as a collectmg agent in the case of gold and 
silver, and in a few stances magnetism can be applied 

The concentration mm water depends upon the difference 
m specific gravity of the valuable ore and the waste vein 
stone or10ch A piece of galena with a specific gravity of 
75 sinks to the bottom more quickly than a similar piece 
of quartz, the density of which » only 26 Nevertheless 
a large piece of quartz my tall to the | ottom as quickly 
as a small jiece of galuna articles which have equal 
velocities of fall, though differing im size and specific 
gravity, are said to be eyu id fling, or equialent P von 
Rittinger shows that a sphere of quartz of } mch in 
diameter would sink in witer caactly as quickly asa sphere 
of galen1 of ,’, mch im dianeter, and these two particles 
are thurefure cqual falling Conse yuently, before we can 
sepalate properly by water it 1s necessary to classify the 
particles by size, so that equivalence shall not prevent a 
separation or lessen its sharpness It 15 neverthcless true 
that in the carly part of the fall of equivalent grams the 
influcnce of the specific gravity prepondcrates, and the 
denscr particles take the lead, thercfore, by a frequent 
repetition of very small falls, particles which have not been 
closely sized may still be seqirated 

‘Lhe principal machine for concentrating particles cf sizes 
ranging between 1 inch and 4, inch is the yg or jigger 
The hand jiggcr 1s mercly a round sicve which 1s charged 
with the crushed ore and then moved up and down ina 
tub full of water The particles gradually arrange them 
selves in layers, the heaviest on th: bottom and the hghtest 
at the top On lifting out the sieve the light waste can 
be skimmed off with a scraper, lcaving the concentrated pro- 
duct below ready for the smelter or for furthcr trcatment 
Similar sieves worked by machinery were for a long time 
employed in dressing csiabl.shments, but the troduction 
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of the improved continuous jiggers has led to their 
abandonment in all works of any importance, The con- 
tinuous jigger is one of the 
most useful dressing ma 
chines of the present day 
It consists of a box or hutch 
divided by a partial partition 
into two compartments, in 
one Is fixed a flat sieve s (fig 
99), which cartics the ore, 
and in the othcr a piston p 
is made to work up and 
down by means of an ex 
centric The hutch bemg 
full of water, the movement 
of the piston causes the w ater 
to 1ise up and fall down 
through the ore, lifting 1t 
and letting 1t fall repeatedly 
The effect of these frequent 
lifts and fallsistocauseasepa 
lation of the previously sized Fig 99 

ore mto layers of rich mineral at the bottom, hight waste at 
the top, and puticles of ore mixed with waste in the middle 





The great value of thes jiggers 1s the contmuous dischatge of 
the products without stoppayes for their removal Several methods 
ale in vozue, 17, the end discharge, the central dischai,te and 
the dischaize thiough the meshes of the sieve Wath the inst, the 


' enuichcd yroduct lying at the bottom of the sieve passes out through 


openings at the end of the jigger, and the amount escaping is 
governed by an adjustable cap or shutter, by which the s1¢ of the 
openings can be increased o1 diminished at pleasme, the middle 
proluct can be dischaged by openings placed a httle higher up, 
whilst the waste 15 washed over the top of the end of the jizger at 
exch pulsation Very often a first sieve simply separates 2 concen 
hh aa yroduct and dischaiges the poorer product into a sec ond sieve, 
Where a similai scpatation 1s effected With the central disch rge, 
a pipe is bought rp through the bottom of the sieve, and the size 
of the openmg for the escape of the concentrated oie 15 regulated 
by a cylindrial cap 
which can be raised or 
lowered by ascrew The 
discharge thiou,h the 
sicve sespeciallva lipted 
for the finer jnoducts 
fiom the cit she, though 
1t 1s also used 12 some 
cases for grains up to } 
inch in diameter The 
mesh of the sicve 1s 
chosen so that the par 
ticles under ticatment 
will jnst pass through, 
Tut above the sieve a 
layer of clean o1¢ 15) 
placed which pr vents * §& 
an} thing but the heavier 
pitticles fiom teing dis 
charged The pulsations 
of the water, is before 
cause 2 seputtion ito 
laycrs, and the hewy 
rich partules find thar 
Way shiough the bed and 





¥ ig 100 
drop mto the hutch whence they can be diiwn off thiough a hole 


at pleasue The poorer part passes over a simple sill at the end of 
the sieve, or toa sccord sieve if necessary ‘Three o1 four siever 
arc occasionally arianged 1m a row in cne machine 

Fiz 100 15 a section through the two sicvcs of a Harz saud jig 
‘The pistons act m the manne caplaimced by fig 99 


The smaller sizes are concentrated by a variety of 
machines The action of many of them 1s based upon the 
behaviour of particles carned down an inclined plane by a 
thin stream of water If the gradient of the plane and 
the strength of the thin currcnt are properly arranged, the 
denser particles will be dcposited and the specifically hghter 
ones washed away, although they ma be equal-falling if 
allowed to settle m deep water. 


F rue 
vanner 


Buddles 


MIN 


The principal machines for concentrating fine sands and 
slimes are the frame, rotating frame, ; orcussion frame, 
side blow percussion frame, revolving belt and Frue 
vanner, the hand buddle, the round buddle, and the keeve 


The frame 1s simply an inclined woo len table upon which a thin 
deposit 1s formed by the sheet of orc and waste bew1 1g writer which 
15 made to flow over 1f gently The sticam is then stoppe | and the 
deposit wished off by hin or automatically, and collccte1 im pits 
for subsequent retiertment }y srmilir 9 pliances if necessa} 

The rotating flame 15 a round table with 2 vay flat convex 
conical suifice the ore fcr suspension flows on at «ne } ut of the 
centre and forms a thin dejost whi h is 11 hest at the toy anl 
poorest at the bottom an this deposit 15 washel off 9 as to fom 
two classes by means of juts of watt: under wh h the tal le passes 
as it tuins round Con ave 1otiling tabl 5 fod at the enenmfe 
ence, are Iso employed 

The percussion frume, the S/osshecid of the (cimans 1 a table 
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blow 1t bumps wamst 3 yece of timhu bef nC recelvins the next 
blow ‘These bumps cause the on to 5 ttl and after a thie 
deposit 1s form d it 1s dus cf with th shovel the upper end 
being richai thin the middle o1 the tail 

Rittingcrs si le blow percussion fami 15 2 suspen le 11 ctangulu 
table ABCD (hg 101), 1ecervinz ble ws an] }umys on the sile and 
notontheend Ast unof orcs s 
water Sis fed on at the cornea A 
elcan wata, W 1s supphicl by the 
other had bu lH HH anl 
the table is pushe 1 out by cams in 
the direction of the alow anlis 
aiiven back 15 2 spting so that 
the cross picee F stitkhes a.am t 2 
bumpm, block Lhe hit} 
ticles travel down the tal le much 
faster than the heavs ons anl 
take a compaiativel) straizht 
couse, Whecas the heavy inl 
iicher yarticls ramun cn the 
table stlye t to the intiuen ¢ of 
the silc Tl ws for amuhd nit 
time and travellins alongs. use] 
Jath ii h the bottomatl = Ihc 
mildle class ws dischangel a 
anl the joo: waste it ho Ihe 
exact denee of 11 hness of tle 
products anberesulat Thy ait 1 
ing the pomt 1s strips of wo | 
Which ant tunel s. as to hvile the tream of ore and waste 
where thourht most desuable The geit alyantage ot this 
machin¢ ovct the ol t percussion frame ts its Coutmucus rection 

The Fruevannet (fiz 102) may b lod Luzon wan unproved frm 
of Biuntons simplercvolying} It) [tis an ca lless band of im hia 
trubbir cloth flu. lt on eth 
sidc, which 1revclyves Slowly an A 


wow 
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Fig 101 


the ducction of the an ws ae 
whilst at the same time 2° 1s K 
shaken sideways by a cuaink 

motion lhe omy water is fel Mate 

on at A, Jeanwata it B The eas 


natural math of the particles is 
down the incline 1 b It bat th speech lly h awiroms ttl up ax 
itand ar cunelupwuls Thos that current the i tion f the 
stream of chan witii at B zo ove the end ant uewashet fas 
the belt passes throuzh the tan} Ih yon stutl fully mto the 
waste hinder The d nce of emcentration can db regulaite L bv the 
slo and spe Tot the but and the strenzth of the streams of ote 
and water The Fine vanna has the disulvantig that it makes 
only twa classes ich andy oor without av intammedrate pro luct 

The hand tate isa icctingula sscden Tox with v slopmg 
bottom A stream of fine orc an wast) suspen te Lim water is fd 
in at the upper cnd and grilually f ums vdepost on the bed of the 
buddk =A boy with alnoom kecps the top of the sediment smooth, 
so as to cnsute aeazulaity of action  Aftars thick diposit has 
accumulated rt as diz out im acetions which dearer cm richness 
from the uppa end (head) to the lowar ond (fared) 

Round bu Iles hike rot iting fram 5, aecf two links convex ind 
concase ‘Lhe convex round buddle (figs 103! and 104) 15 vanculat 
pit with a truncated conc on head, of varying size am the centre and 
a bottom sloping tow uds the cicumference The orey stream 4 
falling over ths head runs down gontly, depositing the heaviest 
pasties neu the top, the hzhta ones fartha down, whilst the 





TU ury T Ferguson, “On the Mechanical Apphances Used fu 
Dressing Tin and Copper Ores in Cornwa" ” Proc Inst Mech Eng, 
1878 pl 41. 


ING 465 


lightest of all flow away at (* The surface of thc sediment 1s kept 
even by 1evolving brushes D This machine muy be compared to 
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a number of hand buddles arrange 1 11 lially rounlaccntie The 
deposit that 1s formed 1s dug out m 11m,» of vaiving 1ichness 





ee ae 


The concave buddle i a cu war yit with ti =o t 1] ying to 
wads the centie The stream of ort is tet ala unl tne arcum 
fence anlrun mwits tothe mille where the hoht ty articles 
escape Ihe 11ch heal is of course new the aicumferen 

Lhe heeve 1s a large tub im wh h the fine stut 1 $11 1 with 
water and then 1s allowe! to settle fiom a state of usj nsion 
wail blows are being stick on the side of the tub 11 uposit 
ws afteiwaids scraped out m layers Which meicase m1 hne » as 
they apy roach the bottom 

The series of processts employed in diesurg an cre vanes, 
not only according to the nature of the particulu muncial 
to be concentrated, but also accoiding to the siz. ot its 
particles and the nature of the other mincrals with which 
it 18 associated 

With gold the reduction in size 1s usually cffected Ly 
stone bieakers and stamps, and much of the metal is then 
caught by mercury what escapes is concentrite { with its 
recompanying pyrites by inchned tables covered wih 
blankets, or by buddley and the conccntrite 3s treated by 
amalgamation or chlormation Sve Gotd vol x p 746 

In the case of silver the ore is treqguently pulvauz d by 
stumps, and the resultmz p/p amalzimated im jons or 
Yarrely The ore maj also be concentrated by any of the 
valous michines descuibud, and delivered ty the < neiter 
Many of the ores of silver are sent to the smult nz works 
without any concentration by water, as ths would cr~ a 
se110us loss 

Lead ore 1s generally crushed by rolls, off n wera zie 
liminary reduction m size by the stone peiku The 
crushed ore 1s clasited by revolving screens dowr tothe 
sic of 1 mm, and the resulting grams concentric tie 
paging, dredge, ot siams of ore and matua mm — be 
reciushed, sized, and jgzed = The fmar sis ate a safca 
by pyianndal boxes and concentiited by frimes 2 titing 
tables, and buddles 

Zine ore 1s dressed in the same way ws kad cre and as 
galena and zinc blende ure frequently mtimately assouated 
together, 1t 1» necessary toseparste thm by the use of the 


| jig, buddle, and frame 
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Tin bearing rock 1s crushed by the stone breaker and 
then stamped fine The resulting sand and slime may be 
concentrated by the repeated use of the round buddle, with 
the keeve for 1 final cleaning, but often the sand only 1s 
enriched by the buddle, whilst the very finest particles, 
constituting an almost impalpable mud (siume) when mixed 
with water, are treated by frames When much pyrites 
1g present it 1s necessary to make a preliminary concentra 
tion and roast the enriched product (wits) in a furnace 
The calcmation converts the heavy iron and arsenical 
pyrites into a light oxide which can be got nd of with the 
rest of the waste by buddling and framing The final 
product from the keeve is clean enough to approach pure 
cassiterite mm the percentage of metal Alluvial tin ore 1s 
concentrated 1n s/usce boxes, and sometimes by jiggers, after 
& preliminary treatment in a puddling machine (Gor, 
vol x p 745) af there are balls of clay which have to be 
broken up When the alluvial ore occurs as a hard con 
glomerate ( ement), it has to be stamped 

Copper ores are treated by crushing by rolls and some 
times stamps sizing by trommels, and then jigging and 
buddling but, as some of the ores are very friable and 
easily carried away by water, hand picking 1s employed 
to a greater extent than with lead and tin ore, and the 
enrichment by water 1s not carried so far on account 
of the inevitable los» that would ensue The amount 
of concentration depends upon the distance from the 
smelting works, and the mimeowner has to calculate 
whether it 1s bust to get a low price for a large quantity 
of ore after paying the carnage, or a higher price for 
a smaller lot (parce!) when due allowance has been 
made for the cost of dressmg and loss sustained in that 
process Thus for instance in Cornwall, the ore contaimmg 
copper pyrites 15 dressed so as to contain only from 5 to 5 
or 9 per cent of metal because it can easily be conveyed 
to Swansea by sea and because further reduction in bulk 
would ciuse grevter loss in value than the saving of freight 

The loss im dressing 1s very considerable P von 
Rittinzer estimates it at from 30 to 50 per cent, and 
stubborn facts hear out his conclusions Heaps of refuse 
from dressing floors are frequently worked over again with 
profit and m the year 1881 no less than 909 tons of 
‘black tin (ve concentrated tin ore fit for the smelter), 
woith £35 283 were eatracted fiom the muddy water 
allowed to flow away from the diessing floois of some of 
the principal Cornish tin mes 

Phe fall in ur has been emyloyed instead of the fall in water for 
conccntiatins ie oses anl screral IN,eN1OUS all Jigs have been 
constiucte! and worked uy n this prin yy le 

In exce} tional cases magneti attiaction may be utilizel Mag 
netic 1102 oan be se] arate lin this way an the ma,netic } rocess 1s 
apy he 1 for ime mixed blende and chaly bite the spcerfic gray ities 
ot whi h ate too close to ren lei concentration | y water practical le 
Lhe mixed ote 1s calcined and the chalybitc 13 thus conveited into 
ma,ncti non whi h can be rers | by a magnetic separator 
leavn ,, salcal le tlende 


Bef 1c concluding this part of the subject we will briefly 
enumcrite the principal improvements that have been 
made in metal mi ung durm, the last quarter of a century 
They ac w follows —damond drill for prospecting , 
machine dlls for dim. smbking, and stopmg, use of 
compres Cl air tor windms underground , stronger tx; lo 
sives, espec ally the nitro zlyceri compounds dynamite 
and blasting gelatin increa cd use of steel for various 
purposes, Blakes stone bicaker and continuous jiggers , 
extended application of hydraulic miming larger cmploy 
meat of electricity both for blasting purposes and for 
signalling by telegraph and telephone It may be rcason 
ably hoped that ere long electricity will render increased 
services to the miner for lighting the workings and for the 


transmission of power 
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14 Recent Legrslation afecing Mines in the United King 
dom '—In England the person owning the surface of a free- 
hold 1s prema facie entitled to all the minerals underneath, 
excepting in the case of mines of gold and silver, which be- 
long to the crown The crown, however, does not claim 
gold and silver extracted from the ores of the baser metals 
The ownership of the minerals can be, and often 1s, severed 
from that of the surface, the latter bemg sold whilst the 
mineral rights are reserved by the ongimal owner Local 
customs, now regulated by Acts of Parhament, are stall in 
force in Derbyshire (High Peak Ming Customs and 
Mineral Courts Act, 1851, 14 & 15 Vict c 94, and the 
Derbyshire Mining Customs and Mineral Courts Act, 1852, 
15 & 16 Vict c 43) and m the Forest of Dean (1 & 2 
Vict c 43, and 24 & 25 Vict ¢ 40) The Stannanes 
Act (32 & 33 Vict c 19) regulates the commercial dealings 
of mining companies in Cornwall and Devon, and provides 
for their hquidation 

The working of mines in the Umted Kingdom 1s con- 
trolled by five Acts of Parlament, viz, “The Coal Mines 
Regulation Act, 1872 (35 & 36 Vit c 76), “The 
Metalliferous Mines Regulation Acts, 1872 and 1877” (35 
& 36 Vict ¢ 77, and 38 4 39 Vict c 39), “The Stratified 
Ironstone Mines (Gunpowder) Act, 1881’ (44 & 45 Vict 
c 26), and “The Slate Mines (Gunpowder) Act, 1882” 
(45 Vict c 3) The last three Acts sumply refer to the 
annual returns, and exemptions from certain restrictions 
concerning the use of gunpowder 


The Coal Mines Regulation Act applies to mines of coal _ stratified 
ironstone shale and fire clay The Metalliferous Mines Regulation 
Act 7 a to all mines not included under the Coal Mines Act, 
and therefore contiols not only workings for lead tin one and 
iron commonly knownas mines but also the salt mimes and under- 
ground quanies wotled for stone slate or other earthy minerals 
The yrimerpal yrovisions of the Coal Mines Re,ulation Act have 
beon set foith at vol vi p 78 those of the Metalliferous Mines 
Re,ulation Act are sumilai but less stict owing to the almost 
com} lete absence of firedamp One important difference 1s that 
the manager of a minc unde: the Metalliferous Act need not hold 
any certificate of competency o1 service 

Othu Acts of Palameit aie the Explosives Act 1875 (88 
Vict ¢ 17) regulating the manner un which ex losives are stored , 
the Llementary Tducation Acts 1876 and 1880 (38 & 89 Vict 
ec 79 ani 43 © 44 Vict c 28) regulating the ren eho of 
cliliren the Factoryand Worksho; Act 1878 (41 \ict ¢ 16), 
which apy lies to the dressing floors of mines under the Metalliferous 
Mines Regulation Act 

The statute of Chzabeth (43 Llz c 2) which was passed for 
raising money for the relief of the poor mentions coal mines, 
but omits other mines these have been made subject to poor 
rates by The Rating Act 1874 (37 & 88 Vict c 54) The 
‘ Employers Liabihty Act 1880 (48 & 44 Vict c 42) extends 
and 1¢,ulates the lability of emyloyers to make compensation for 
personal imjuies suffere 1 by worl men in their service Finally, 
if ag sometimes hay pens works are put up at a mune for roasting 
copper o1es with common salt in ordei to extract the mctal by the 
wet way the yrovisions of the Alkali & Woils Regulation 
Act 1881 (44 &45 Vict ¢ 37), must be attended to 

It 18 thus very evident that the laws affecting mines have received 
most important additions during the last few years 


15 Accidents in Mines —Mining 1s one of the occupa- Accidents, 


tions that may decidedly be called hazardous This fact 
has been thoroughly impressed upon the public mind by 
explosions of fire damp in collieries , but, though accidents 
of this kind are appalling, owing to the number of victims 
who perish at one time, fire damp 1s by no means the worst 
enemy with which the mincr has to contend Falls of 
roof and sides both 1n collierics and metal mines are far 
more fatal im thew results With the msks attending 
the colhers calling we need not deal, as statistics upon 


1 For information concerning the laws rclating to mines m the United 
Kingdom, see W Bainbrilge A Treatise on the Law of Mines 
Minerals, 1878 and Arundel Rogers The Law relatung to Mones, 
Minerals, and Quarr es in Great Britain and Ireland, with a Sume 
mary of the Jaws of Foren States, 1876 
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this subject have been already given (see Coat, vol v1 mies prove that the occupation of the metal miner 1s 
p 79), but the figures below relating to metalliferous very little less dangerous 


Mines classed wnder the Metalliferous Mines Regulation Act wn Great Britain and Ireland 











Number of Deaths from Accidents 








Death rate from Accidents per 
Persons Employed. 
Under Ground 1000 persons employed 
oe aig aateee A 
round otal nder Groun 
Under Ground | Above Ground Total Falls of In Misccl Total Under | Above and 
Giound | Shafts ‘laneous Ground |Ground Above Ground 
1874 22 325 56 361 40 34 14 103 261 0 62 
1875 23 168 58 078 32 35 19 119 0 82 
1876 23 388 57 49” 2 16 6 70 0 25 
1877 23 300 57 395 41 a1 Il 97 0 47 
1878 20 834 51 458 27 19 8 17 0 38 
1879 18 799 47 060 24 16 8 64 0 42 
1880 20 863 52 308 él 21 18 84 0 62 
1881 21 651 54 942 36 22 9 99 041 
1882 21 ¢92 oo 06 vd 27 18 92 0 88 
Total and averagcs } 196 016 491 200 | 286 | 211 106 805 54 





for the nine ycars | 


This table} shows that the average accidental mortality of the 
persons employed wndergrownd im metallferous mines 3s 237 pe 
1000 Dumng the ten years 1873-1882 the corresponding mot 
tality at mines under the Coal Mines Act was 257, showing a 
difference of only 0 20 per 1000 in favour of the metal minei , and 
when we take the well known metalliferous district of Cornwall 
and Devon we find a death rate for the ten years mentioned of 
2 63 per 1000, which therefore exceeds that of coal mines 

Refuicnce to the table shows that more than one third of tho 
deaths wcre caused by falls of giound The actual percentages of 
the deaths are as follows —falls of ground 35 , 1m shafts 26 2 
miscellaneous 25 1, on surface 131 The accidents in shafts a¢ 
due to falls fiom ladders cages and man engines, ropes and chains 
breaking, ovcrwindins and othe: causes, whilst the miscellaneous 
accidents mclule numerous fatalities in connexion with blasting 
operations ‘The suifa « accidents ale mostly causel by persons 
becoming entangled in machinery, and there have been several fatal 
boiler explosions 

In spite however, of ul the dangers to which miners are exposed 
they are less hikely to be the victims of accident than railway set 
vants, among whom the rate of fatal accidents vanes fiom 2 5 po 
1000 on yassengei trafhc lines to 3 5 per 1000 on limes possessing 
a heavy soods tiafhe 

Statist: » concciming accidents mn mines are published by mans 
foreign countiics the most minute wc those yrepued by the 
Governnent mining engineers in Piussia ‘The werage annual 
death 1ates per 1000 zcrsons employed below ground and above 
giound from 4 cidents in mincs in Prussia during the fifteen }ea1s 
1867 to 1881 have lkcn —coal mines 2 992 lignite mincs 2 474 
metal runes 1 446, other mines 1 693, all the muues together 2 476 
In making anv comparison between these figures and those we hav 
given for Great Biitain, it 13 necessary to iccollect that the mines 
under the Coal Mincs Act inclu le scme workings which in Prussia 
would b clisscl as nutallitwous ant that Butish mmes under 
the Mctallifurous Act include under.iound stone quaiies 

Before concluding the subject of a dents 1f 15 necessuy to 
point out that successful efforts hive been made of lite vears te 
mitigatt thar results In the fist place persons equipycd with 
the Fleuss tLieathing upp atus can now enter mines ifta explosions 
In spite of the noxious and mresy i vble gases and sav hives v hich 
w a Leth awise be sicuhied 2 Secondly Ly means of the instia 
tim afforded by classes cstalhshed by the St John Ambulance 
Asx. iition inmers uc Icuning how best to render fst ad to the 
injure | before the arisul of a me heal man an there 1s no loubt 
that many valuable hives have becn lost in times past for want of 
this hnowle le Thirdly a vast amount of good has Leen done 
by the cstablshment of Miners Parminent Reliet Societies in 
different di 11 ts which atford ud t) persons dasitled by acai touts 
and tt) the lcpenleut rdatives ot those wh have unfortunately 
lost then lives by any mumne fit uity 


16 lsc? Mer sals ducdin Vara Pot pth Glot 


Great Britain and I cland —The mn vil produce cf the Linted 
Kingdom for the year 1881 19 sumn: ~ =" Robart Hunt! as 


1 From Ieperts of HM Insputn of Win « tar the yea Isl 

XXXVI 

2 The Rate of atal and Non Fatal tecdents n and alout Vines 
and on Railways, with the Cost of Ineurance age nst such Accudents 
by Francis G P Newson, London, 1880 

8 Renrts of WM Inspectors cf Manes fo the year 188] Mr 
Bells Report p 463 

4 Mineral Statistics of the Umtcd Kingdom for 1881, p 1x 











Minerals 





Quantities 








Tons cwts d 
154 184 800 0 65 528 327 10 0 
17 446 065 6 6201068 6 6 
12898 3 697 444 5 3 
52556 1 190057 8 7 
64702 5 606725 0 0 
85 627 7 110048 10 8 
Thon pynites 48,616 14 30033 6 6 
Gold ore 14 Is 0 0 
Silve1 re 519 958 7 0 
Cobalt and nickel re (3 14 809 12 8 
Mangancse 2884 0 6441 5 0 
Wolfram 54 7 544 1 9 
Ochie and umber "929 9 12286 7 0 
Arsenic 615 8 49070 7 6 
Fluor spar &c -") 14 2310 0 
Clays 2401 421 0 | 1200210 0 0 
Salt 229%20 0 1149110 0 0 
Bary tes 21 3138 11 23894 3 10 
Sundry mmerals inclu bos). 
coproh es g}psum calc sai 49 00 0 0 
| shales & \ 


The total value of mmerals produced in 1881 was 476,201,695, 2s , 
exclusive of slate, buildine stone, limestone, and othe: stones worked 
by mines and quarries 

The quantity of cal raised sn 1882 was 156,499 977 tons 

The metals obtamcd from the ois produced mm tht United 
Kingdom 1n 1881 were— 





Or 

| Metals | Quantities ¥ alucs 

| £ 
Cold ounces 44 | ls 
Silver from ore 160 360 
sila. fiom lead oon 39g | e7 140 
Pig 1 on tons 8 144 449 20 31 122 

| lin 8 6lo 839 650 
C pper 3.975 | 263 900 
Tead 48 567 “28 805 
Zine 14 947 25? 60d 

| Other metus ¢& inate! 1» 
T tal value of metals produced in 1891 £7 volt 505 


The total value of mimetals and metals obtancd from the mines 
and othu: mineral work ngs of the Unitcd hinzdom in 1881 wis— 


S1 052 


& 800 497 
From these tables 1t 15 evident that coal and uron an 1y far the 
most impoitant mine1il productions of the Lmited kingdom as 94 
per cent of the total value 1s duc to these two substances 
France —The mime y 10d 1ctions of Lr ance? for the year 180 are 
set torth in the following til — 











{ | Qun is 
Men Tens Ir 

Mi cial fucl 1) 1200 48 oy) 
tert 248 (00 wh) 
Asphalt rock and bituminc us sh ale 44 000 1} ¢ 
hh nize 28 4000 Wwe) 
Ir nyvnit sand sulphu 1 oO 7114 HO 
Metulac ores 000 fen A} 
1 xk sult % OW lnshte } 
Ty sal (0 t Le 


entra t tas 14.400 237711 000 | 











3 Stut stigue de LIndustrie Minerale ef les typ erty d Dazgeur e 
France et on tlyérte, Année 1880 Pars, 1482, p £5 
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The quantitics of met: produ cl m Trance fiom native and high importance The output of the mines in 1881 1s shown by 



















































Pecan in 1890) wert the following table,—taken from the Stat Juhkrb sur das Deutsche 
; es Arla 30 mctiic tor fheuh, Berlin, 1888, p 27 The production of common salt, 
1b! 0 Git 31 kil giamt potassium chlouide, and other salts fiom biine 1s also considerable, 
Cra Sly ce ' Ihe total quantity for the Germin empue in 1881] was 698,000 
: Alea d _ictnie tons, worth 33,567,000 maiks, cluding 113,200 tons of 
ning industry of the German empiie 1s of | potassium chloride valued at 14 090,000 muks 
| ‘ ‘és ; rece g pelt nae Other | Total \ alue 
Poc T otas inc eq Cpyer and aid cther cf all the 
Coal Lignite Salt silts; ton Oe we | a Q1c Gad | Viti ol ind malas Mir ing 
Ore Alu n O1e8 | Pioduets 
Lmt Unit Urit Lmt | Unit Tmt Unt Umt | Unit Unit Unit Unit 
10) 11 00 100 | 1000 1000 1000 = 1000 | 1€00 =: 1000 1000 1000 i 
Mitre Mitre Metric Metre . Metuie | Methic “Metis | Metuc Wf tue Metiic Mctiie Vuks 
ya Jons Tons fons | ‘los Tons Ions in lens ‘lons ‘Tons 
I pi”. “pS THD 2078 ood | 89063 | COZ] 7 ov 01 | 1420 
i a 5 Sl 09 To 03 03 11 
Sin aid v > 60 | 23 8 i 01 207 01 
Wuiter be bd 2 13 01 
Baden 4 
Hesse 307 1308 
M ki nbu , 123 
Thi ing. CJ "3 3 284 
1 1} 2°37 96 4 
Ant | fol 130 360 5 
Stumwlaiygdyy 159 
Malo ko? | | 32° 
Asa ool 49 *2 10Jv 0 
Ge ae 4 ess 7 73 3119 900 9 54113 
lux mii, 2101) 
I,ti3 | 4568 ? 18 .3 31149 50 9 a 38 





Act adn Austiia 


gry ¢—Among the tam ws mm s of th 
Hun lnm empre im y be mention | those of Hungay and 


Tim vivamet 1 }land silva Stv119 pro luces much of the non 
quicl sven as vi Ided Py the mines of Jii1a im Cammola, lead 1! 
sitvar }y th sof Vizilram aim Bohemia ¢ It as ebtainc 1 m the 
Aust 1m Alps anl in Cahua, whi hb also produces ] etrolcu n and 
« lante 


dh yrolucticn of mm tls ml metus m Austiix® dung the 
yet 18S] wis sf lows — 
] _ su 
Quie 1 _ 1 1 Snel: 
C ypu _ (q}2t 4y1 
7 _ 1 0 uv it 
( lil ( 
~ Trou r¢ 
—Me alic z nu 411) 
G" 
ky value of the prolu e of the Austrian mine: 


m lasl wis 446436 2 florins Lhe tot 1] ortyput of salt in 1881 
wr 2t7 27) racthn tos vitucl according t the mon poly pines 
at 2 000 498 flor us 


Hunguy in 18748 prc du ol 


Goll 1 hormieées Tin 115 3°71 metin tons 
Salve 1 1 (4 

Gya } ute ten Tign te J ft 

4 1 lh ny ites b d? 

Mis 


Belg i 1 —Delaum 1 11 hin coal, the output in 1881 bemg no 
les» than 16 87. 941 metric tons valued at 163 704 242 fianes 
Though 1t produce s on os it 15 largely dependent upon othe 
countins anlespeciills th granidu hy ot Luxemburg fer suzy lies 
forits Llast furnucs = The princi 1 leal minc 1s that of Blebers 
ani the ciulamme deyouts n the neutral tert 15 of Moresnct have 
ling be n worked with success ty the eclebrated 42111 Montapme 
Compiny whi h also owns zinc mincs in Beljawm, Germany, 
Swelen Sirdima, and Alena 

Ais a —In a vast empne lke Russia it 15 not surprising that 
thar shoull te vilualle deposits of a gicat ya 1ety of minerals 
Amon. th most unyortint are the waif 101s alluvia of the Lral 
mou tans ad Suter which in 1880 yiclde 1 115 940 troy Ib of 
gald worth more than »nulli nsst ving Platinum 1s found assoc 
ited with the wollte um. siids of the Lids the ont; ut in 1880 


Fis 7695 try b Zine crc as Luz Jy worke dim Loland Import 
1 Stati tqued Iliniut Wie 

Aigerte An Ce 1880 Tus 15 yy 
2 Detille} stati tics 1c a1) the m 


: cf J TUSSId AFC 


Evry 
Hutt 2 a 


fewrinth Zet chrif fa dis Bi 
Staate (Berlin) 

3 Quantity less than v0 ton» 

4 Det led stitistt sof th nineraly luce fsanp. lL, oo wt om the 
Jahi buch fur dae Bag und Hittenues 1 Kho y etcleSidse (Fraitcrg) 

5 Stat Jainb desh & Acherbau Vint tenuris fur 1681 Het un lief J, 
Vienna 188’ 

6 Der B rgwerashcet reb tngs 
Aur Berg und Huttenwezen, 1881 p 7] 


ns im Jahrel879 Oesterretchtsche Zeutschr1/t 





ant supy hes of chiom1 ion oe ve densed fiom the Urals, amount 
ing in 1880 to more than 8000 tons The metulic coppr. produced 
1n 1880 was about 3100 tons and the o1] wells of Baku yielded m 
th it vear 346 000 tons of yetroleum J ussit iso possesses mines 
of iron ore manginese lead, silver, col, and hzmte A Jittle tin 
ore 1s frnnished by Finlan t 

Italy —lhe most important minetal in Italy 715 sulphur, 359,540 
tons (metiic), woth 36, 448,453 Ine, having been obt uned mm 1880, 
and munly from seams containing the nitive clemcnt im the 
Miocenc rocks of Sieily an 1 Romagna 

The c le}rated 2100 mines of the 1sland of Elba have been worked 
fiom vers euly times and furnish 1 valuable o1¢ §= and the dey osits 
of cilamine lead ore and silver ore in Sardinit form no sn ill pro- 
poition of the mineral wealth of the Itian kingdom The gold 
mines in ind neu the Val Anzisea (Piedmont) ue producing more 
than 7000 ounces of metal 5 ea1]5 

Spat —Span ts justly eclebr ited for its mineial wealth — It 
yoduces mole cupicous pyiites than inv other countis im the world, 
and very large amounts of lead ore and quicksily'1 and its 110n ores 
aie vbun lant and of excellent quality = Lhe y vineay al Je td mines 
uc in the provinees of Jaen (Andilusiz) ind Murcia and the total 
imount of metallic lead produced in Spain o1 fiom Sprni h ores 18 
estimated to be 120,000 tons 5 ea1]y 

Cinnabir, the heavy 1ed ore of mercury, naturally attra ted atten- 
tion ita very early date, and the world renowned Almaden mine 
has been worked from time immemorial ‘The output in 1880 was 
13871 tons (inetiic) of quicksily er § 

The cupreous pyrites, often hnown 18 sulphur ore 1s ¢] tuned 
from the yrovince of Huelva, where vist deposits occur over 2 Lelt of 
countiy nearly 100 miles long by 20 miles wide The Rio Tinto 
nines are the largest mm the distuct, and are worked on 4 gigantic 
seule The company employs upwards of 10 000 hands ¢1 more 
yersons than are eugaged in all the Cleveland non mines and the 
output is upwards of a milion tonsprr annum = =About on quuter 
of this containing 34 pei cent of co} per 184] o1ted, mainly for the 
manufacture of sulphuric acid and sul «quent ticatment fc copper 
and silvc1, whilst theremaining thiec qua tes, with 23 to 23 pa cent 
of copper, ire treated on the spot §=‘The o1¢ contains rather less than 
lov of silscrtothe ton andafew mainsof gold These are profitably 
extiacted from the bunt o1e by Cliudet 5 proccss, and some idea of 
the 1m] ortance of the copper and silver qill be guned by reference 
to the following figures 9 During the year 1841 there were olbtamed 
from cupreous pyritcs imported into the T nited Kingdom an 1881, 
mainlv from Spam ind Portuzal, 14,0(0 tons of copy er, 258,468 oz 
of silver and 1490 07 of gol! = ‘The total \ iluc of the silva and 
gold was £64,195 

The total output of 1ron ore 1n 1830 was 3,565 338 metriu tons, 
more than two thirds, viz , 283 627 tons buns obtamced from the 
celelnated mines near Bilbao im the proviner of Biscay I nyland, 
Time, Belgium, and Germany ac all glad to driw supplics of 
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excellent red and brown hematite fiom the Bilbao mimes 
comes next in importance to Biscay, 
tons 

Portugal —The great mineral belt of Huelva extends into Portu gal, 
and deposits of cupreous pyrites almost identical with thot of 
Rio Tinto have been wrought fiom very early ages Tho puncpal 
mine, Sin Domingos, 18 close to the Spash frontier It iscstimated 
that the workings had yielded up to the year 1877 no less than 
3,578,745 English tons of cupeous pymitcs, by far the greater part 
of this having been extracted im recent times ‘The quantity of o1e 
raised from the mune in 1882 was 405 029 tons 

Portuzal possesscs notable mangancs mines, but produces com 
paratively small quantities of iron, Jeid, and coppe1 

Nort ay —The mincs at hongsberg are famous for the lage 
quantitus of nitive silver they produce, and enormous masses ie 
Bomctnucs met with Lhe annual output 1s from 10,000 to 12,000 
troy ounces Copper ore and cupicous pyrites a1¢ so mined in 
Norway, an there are umpoitant workings for nickel and cobalt 
and for apatite = Alluvial gravcls have becn washed for old in 
Norwe1in Pinland 

Sweden —1he most unpoitant munciil oltuncd im Swelen 1s 
Iron ore, much being in the fc1m of ma,netite 1ed bematite also 
is mined, ani hown hematite 1s dred zed up fiom some of the lakes 
The principal non-producing districts are those of Norberg, Dine 
mora, Nora, and Puseberg Lhe output of the Swedish mimes in 


Murcia 
with a production of 539,328 


1880 was— 
Tron oe 775 20 tons / ne oe 43 45? tons 
Lead o1e 12 ¥88 Cc py et ore ~d 060 


G ece —One of the most intere ting undertakings of modcn 
times his teen the re working of the Lawium mins which ac 
situated in the southern ¢ xtremuity of Attica, and on ac ount of them 
written by Cor lella furmehes miny cmious [tails concu ung the 
metho 1s of mmins, washing, and smelting cmploye | by the ancients 
The workings for leid and silver appen to have been carmel on 
with the gicitest vigom between 600 Lc id the Pcloj onnesian 
War, and wete finally abandoned im the Ist cuntury of the Chistian 
era Wuge pilcs of slag which had accumulated from the old 
smelting works were found to be well worth bemy re worked for 
Silver and lead, and opcratiens wore commenced in 1864 Five 
an litur the old heaps of mine refuse begin to le treited and it 
ast 12 1875 a French com) wy icsumed working the mune = 4A 
Gruck company or Tena scme 3000 pels ns 13 now yo lucing 
annuilly from the old mim herps no 1 95 than 8000 to 9000 tons 
of pig lead, y1elding 45 07 of silver to the ton, whilst the mines of 
the Co npagnie rangers esau) g du Lawium made in output in 
1881 cf ob,604 tons (mcti1c) ot 1orsted calamine, with 40 to 60 per 
cent of zinc im addition vo levi ore amd mised ores Cordell cal 
culates that dutmg the thice hun Ired years tne Lawium mines were 
woikcd by the ancients the total unount of ler! produced wis 
2,100,000 tons, with 224 million tioy fbof silver besides this the 
ancicnts left behind two iullion tons of lead sltgs contunig on an 
avert.e 1067 per cent of lcad, 109 mullion tons of mine refuse 
with 14 to 18 per cent of lead, and excavations to the extent of 51 
million cubic yards with lead ore stall in sight They did not 
touch the calamime deposits! Next im imj ortance to lead silver 
and 7inc comes bay silt aud after that emery The island of 
Naxos furnished 3300 metru tons of emery in 1677 vilucd at 
£28 v00 

dgit @—Algena is ich in non ani thiec fourths of the value 
of its totu muineri output are due to ores of this mctil In 
1880 the 110n mines pioduced 614 000 metin tons of ore, Mokta 
el hadid mine, new Bona, alone yelling about 300,000 tons 
Algetir uso possesses mines of copper ler], zim and antimony 

The nime ‘Gold Corst ye Lto part of the shores of Africa, 
denotes its productiscucss of the precions metal, and it 13 pict rble 
that very umportint suy pics of gold will one day be duived from 
Various distiicts of the Dak Continent 

C wo Colony possesses rich copper mines in the Nama yui'and 
division, which im 1882 produced om and metal woith £031 46 
however, the most valuable and aemukible mincial dey osits cf 
Afra ut the present time ate the divmond mines Lhe fust 
diamonds were obtuncd from recent grivel im the bed of the Vil 
river, and it was afterwards discovered thit the prcuious st mes 
could be obtaned fiom the so called dry diggimgs The most im 
portant of these, the Colesberg Kopje, now hnown as the himberlcy 
mune, produced in 1881 diamonds weighing 900,000 carats, worth 
£1,575,000 Three othe: neighbouring nincs arc Old De Beers, 
which yielded 300,000 carats in 158], worth £600,000, Du Toits 
Pan, and Bulfontemn Tho value of the diamonds 11sed in South 
Afiicy since 1870 amounts to forty millions sterling, indeed the 
Kimberley mine alone was estimated 1n 1877 to have already pro 
duced ten million pounds worth of dizmonds, catiacted fiom 4 
million tons of diamantiferons 10ch 


1A Cordcila 
Berg und huttenmannesche Zeitung vol xiil 1883 ae 
2 A J Macdonald The Value of the Cape as a 
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Asia —For many centunes Indie was regarded as posnscing 
fabulous immeral wealth, and a strong basis for this idea may be 
foun 1 in the existence of tr wes of mining on 2 very catensive scale 
No doubt in euly days Indiz did supply what then ippered t> be 
very large quantitics of metils, and a country that produccs geld 
and precious stones 1s apt to be cndowed by the popular mind with 
boundless riches The actual amounts of mincial raised in In ha 
at the present diy we compuatively small Gold exists over con- 
siderable ireas, but it remains to be proved that the gold mines of 
the Wynaad and Mysore cin be protitibly worked by Butish com 
pues Daiunonds occur and are worked im alluvial diggings 
anl in a conglomerate bclonging to the Vindhvan foimation 
Sipphires and rubies are obtuncd fiom Upper Burmah Ceylon? 
produced in 1880 no Ics than 10,286 tons of 1 iphite o1 y lumbago, 
vilued at £192,879 Pctrolcumis abundant in Upper Burmah, ini 
ol from wells has been utihzcd for upw uds of twenty centurics 
lhe total output im 1873 wag estimated to be rLout 10,000 tons 
yeuly ‘inore ocews andisworkcdin Icnasserrm Passing into 
Siam and the Malay Peninsula we find deposits of alluvial tin cte, 
producing what 1s known in commerce as Straits tin A litt! to 
the east ue the lands of Banca an! Billiton, which for many \ ears 
have been a source of wealth to the DutchGovernmcent The sales 
of Banci tim in 1881 amounted to 4339 tons, and those of Billiton tin 
to 4725 tons, whilst 11,475 tons of Straits tin were exported from 
Tcnans and Singapore + Stanniferous alluvin aie also worke] in 
harmon, Singkep, and Sumatra, whilst the latter island possesses 
also valurble seams of coal 

Potnc» fur hes coal, antrmony ore, md some cinnabar, and 
river gras are washed for diamonds gold and platmum 

There 1s no doubt that the mineral we ilth of China 1s enormous 
In addition to important cual ticlds 1t possesses numerous mctalhe 
inncs— Lhe province of Yunnan 1m the south of the empire seems 
to be speciilly fiyoured with regard to metuliferous wealth, for 
mines of gold, silver copper, leid, tin and uon ve worked there, 
whilst jade an | precious stones are found im the beds of 11vers 

Jajan produces mote than 3000 tons of coy yi yeitly, o1 about as 
much 4> the Butish Isks The output of lead and tim is insigmh 
cart but the quantity of silver, exceeding 300 000 oz yeuly, 18 
ce of note Goll non, and petroleum are otha: products of 

apin 

the goll of Sil cnia has 1 een mcution el in spething of Russit 

Canada —The Dominion of Canati is 1 hin nimerals — Gold 
bearing quaitz veins ue wotke Lim Nova Nucti , Whilst in Biitish 
Columbia alluvial dey osits ae the » un source of th upphy 
S Iver o cus on Lake Su] enlor the m> t important mine be uz that 
of Silver Islet which fiom 1869 to the spring of 1977 vielled 24 
million ounces of silver, and ave apro tf £200,000 

Rocks resembling the cpyer bewimy shata of the Lr ted States 
territor} ue mimel im Michipoten lind in Lake Suye 101 Tron 
ores, 1n the form ot magnetite red] emitite limonite, md ilmenite, 
aie wolked in vuntous } uts of Cana la 

Ictroleum is derived trom oil welisin Westen Ont 110 and the 
quantity 1ehned in 1870 Wis wh ut 210 C00 Linels cach of 40 
gallons It is m Ontario also that the veins of azatite evio. fiom 
which + luc amount of that useful mmeril has been 1 use | 

United States —The mineral wealth of the Unittd Stats 18 
admuably summed up by Va Richaid P Rothwell im hiv address 
to the American Institute of Mining Engineeis ” 
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Anthracite °¢ 41940 tons ( f°>40 ft) 
Bitumimous ¢ val 42417 4 rit 

Pig non 414400) (of 40 Tt) 
Lead 10 Wo 

Copy tr 33 000 

Quichstl ur VC VAawks( f tb avoir 
Gl’ Sis det (=) 41 oz) 


Sih 
Petiok um 


et OsOU (=H aN Ha) 
2 040 bances( t gal n) 


‘¢ The statistics of cther useful runerals anim tass?l wanequills naive lous 
advance dunng the past thity veus Theyr ii nofy iron wiich mm 183] 
was 41.000 net tons in Tt) was ¢v 000 tors und 118 1 was 170s 100 tons 
Ten cars later in 1881 We produced 10 Jess thin 4 141000 t¢ns an inciease in 
th ity vears of nearly 80 yur cen 

Lead which appears at 14 400 tons in 1802 varied Lut little ft m thit flure 
until the construction of 1ut ads into the argent ferouy kkad nimimg wint of 
the west ab ut 1870 Eurcha Nevada Ltah incre iceentls Colo ad> with 
its Leadville binanzas rayiily laied the yr 41 on from 15 O00 tens in S71 to 
4 Oto sin 5%. 70 000 tens im 18°F and lo tne n iss] 

On production of copper eteadiy mere tm 1000 tona in lsv2t 31100 
ty isin 188] —the cnoimous output of thit 2 viled mneCalumt an He a 
sterlying he production and neutral amy th £1 tte f tl s 

Quichsilyc1 hag shown wide fluctuations due mo e to trade combina 1 netlan 
to the condition of the mines In lba2 the ou jut anounted to CU flasks 
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3 Statistical (bstract tf the Several Col nia ani ther Po esesstcns * 
Kingdom tn each vear from 1860 to 1890 Lonion Is. p ? 

4 Hunt, Min Stat for 158) p 9 

5 Engineering and Mining Journal vol xxu1v p 1 4 

6 The total production of coal im the Umtcd Scares in 1452 amounted fe 
86,862 614 tone of 2240 th (Colliery Gua vir for Iss> 4 7 1) The quantities of 
metals produced in 1982 are estimate t to be] y Non 4 (23 424 gross tons of 
9240 Teach leat 12) 000 gross tons copper 40.00 aicse tons (7 Ae Iron, Steel and 
Allved Trades tn 1982 p 188 Ang cq 74am Jour vol xxxv p 27) 
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but 2 went as low as 10000 fiasks in 1800 and rose to 53000 flasks five years 
ater from this it declined to 1 000 flasks in 1875 ny a the following )ear 
t:} 


t gicw to 7) 000 flasks Last vear we y10duccd 59 000 
sa 2 Id 18 the only n¢tal in wi ich Cu production has been declining, In 1802 


ft amounted to $¢0 000000 but with some fluctuations it has now dechned to 
less th: 000 000 + nnually 
si The production of slver onthe contrary has largely increased Commenc 
Ing in 1809 with $100 000 it has now attaincd $45 000000 In 1877 only were 
theso figures excceded and then only by about $1 000 000 

“The production of petroleum that great American industry has grown with 
wonderful rapility In 1852 1t commenced with only 3000 barrels and after an 
alinost unifc 1 inercase it attained last year the enormous figures of 27 000 000 
barr Js Suentific i: \cstigation has recently raised a note of warning in this 
industry assciting the Nmited area of ofl producing terntory and its appioaching 
exhaustion 

Some valuable statistics concerning the production of the precious 
metals in the Unitcd States are contained in a report iscued by the 
Census Burewu? The output for the year ended 31st May 1880 1s 
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‘The Statc yroducing the greatest value 1s Colorado, viz, 
$19,249 172, o: gold 130 607 ov and silver 12,800 119 oz , Cah 
fornia comes next hiving } roduced $18,301,828 of bullion, and then 
Nevala with $17 318 909 of bullion 

The yreatest gold }rodu er imong the States and Ierntores 18 
Cahforni: with 829 676 oz of gold, half from deep mines and half 
fiom }lacers Next follows Nevada, with 236,468 oz of gold, of 
which only zbout 1 per cent came from placer mines then Dakota, 
159 920 0z of gold, nearly entircly produced by deep mines , and in 
the fourth rank Colorado, 180,607 oz , with a  lacer production of 
less thin *000 o7 

The gicatest silver producer 1s Colorado, with 12,800 119 oz , 
then Nevida 9 614 561 oz then Utsh, 3 668 365 oz , Montana, 
2 246,938 o7 and fifthly Anzona 1,798 920 oz 

It 1s useless within the limits of this article to attempt to convey 
an adcquatc idea of the enormous mineral resources of the United 
States We can mcely very briefly allude to some of the principal 
ei gy which are of commercial value on account of their magni 
tude of scicntific interest owing to their mode of occurrence, and of 
technical importance as having led to the introduction of consider 
able inprovements in the aits of mining, milling and dressing 

Among these may be mentioned the coal and anthracite mines 
and oi wells of Pennsylyama the gold and quicksilver mines of 
Cilfornia, the silver mines of Nevada the lead and silver mines 
of Colorado and the copper mines of Lake Supenor The articles 
Coan (vol v1 p 60) and Goup (vol x p 748) may be referred to 
for information conucrning the occurrence of these minerals and 
the mcthod of extracting gold by hydraulic mming and improved 
stam} ing machinery 

Qu: ksilvcr im the form of native mercury and cinnabat occurs in 
considerable abundance im California and much of 1t 1s found in 
conn \10n With serpentine cither in the serpentine itself or in sand 
stone near its junction with serpentine The most important mines 
are those of New Almaden in the southern part of the State near 
San Jose The deposit at Sulphur Bank in Lake County 1s of much 
geolosical interest It consute of native sulphur, gypsum, and 
cinnibar in a decomposed andesitic lava close to an extinct geyser 
fiom which boiling water still issues The top of the bank was 
worked open cast for sulphur, and then for sulj hur and cinnabar 
ind now underground mining 1s carned on 1m stratified sandstone 
an | shale impregnated with cinnabar and underlying the lava 

Somc of the most marvellous silver mines 1n the world are those 
upon the Comstock lode in Nevada A horiontal section of part 
of this greit vein 1s shown on Plate IV , copicd from the eaccllent 
an! well known repoit of Mi J D Hague? The stnke is neaily 
noith and south and the dip about 48° to the east “The vem 
matt r of the Comsto k consists of crushed and decomposed 
country rock clay and quartz Up to January 1, 1880, the 
Comstock had yielded in twenty years about $325 000 000 worth 
of bullion Ihe total length of shafts and gallenes is about 
250 mils Lhe number of men employed in the mines in January 
1880 was 2800 exrning avcrize wages of $4aday At the same 
date 340 mcn were at work 1m the amalgamating mills # The 
heat of the Comstock lode 1s remathable On the 270 fret level 
of the Xellow Jacket mime Mr Becker found the temperature of the 
water to be 153°, that of the ai: 126° whilst the water in the \ ellow 
Jacket shaft at a dc} th of 3065 fect has a temy erature of 170° Fahr 4 


1 Clarence King special agent of the Census Ya stscs of the P 
Precious Metals wn the United States Washingt 1 1681 } 49 Neen 
2 United States Geological Exy loration of thi %o tuth Parallel vol iii Mining 
dndassry: Atlas plate 121 - 
Clarence King First Annual Report of the U S Geologwal Surv 89 
4 Gp ot pp 44 45 - ae 


MINING 


[MINERAL PRODUCE oF 


During the last few years the Comstock lode has been falling off 
in productiveness In 1876 the total yield of the Comstock lode 
was $38,572,984 (gold, $18,002,906, silver, $20,570,078) Dunng 
the census year ending May 31, 1880, the product of the whole 
Comstock district, mcluding outlying veins, was $6,922,380 (gold, 
$3,109,156, silver, $3,818,174), showing a decline of $31,650,654, 
or 82 06 per cent, since 1876 © 
Though the extraction of silver from its ores may be regarded 
as the busmess of the metallurgist rather than of the miner, we 
must not forget to mention that 1t 15 to the necessities of the treat- 
ment of the Nevada ores that we owe the system of pan amalgama- 
tion first developed in that State and practised since in Colorado 
Another district m Nevada which cannot be passed over in 
silence 1s that which contains the Eureka and Richmond mines which 
ale celebrated, not only for the silver they have produced, but also 
fer the important tral im which the issue hin a upon the defini 
tion of the term vein or lode (p 441) The bullion produced 1m the 
Lureka district from ore raised and treated during the census year 
ended May 31, 1880, was—gold, 62,893 oz , and silver, 2,087,666 
oz , worth altogether $3,934,621 ® 
The history of Leadville in Colorado seems like a romance when 
we read of the rapid development of the mmes the creation of a 
large and umportant town, the erection of smelting works and the 
building of 1a1lways, under very adverse conditions, 1n the heart of 
the Rocky Mountains, all within the space of four or five years It 
affords additional proof that the mimer 1s the true pioner of 
eivilizition The main facts concerning the Leadville deposits are 
admuably summed up by MrS F kmmons, from whose report? 
we boirow, not only the following facts, but also the geological 
section across the district (Plate IV ) 
The principal deposits of the region are found at o1 near the 
unction of the porphyry with the Blue limestone, which 1s the 
lowest member of the Carboniferous formation ‘Lhis bed 18 about 
150 or 200 feet thick, and consists of dark blue dolomitic limestone 
At the top there are concretions of black chert ‘he porphyry 
occurs 1n intiusive sheets which generally follow the bedding, and 
almost invariibly a white porphyry 1s found overlymg the Blue 
limestone This porphyry 1s of Secondary age 1t 1s a white homo- 
geneous looking rock, composed of quaitz and felspar of even 
granular texture, in which the poiphymtic ingiedients, which are 
accidental rather than essential, are small rectangular crystals of 
white felspar, occasional double pyramids of quatz, and fresh hexa 
gonal plates of biotite or black mica Along the plane of contact 
with the pdaal ry the limestone has been tiansformed by a process 
of gradual replacement, into a vein consisting of agentiferous 
galena, cerussite, and celargyrite mixed with the hydrous oxides of 
non and manginese chert, granular cavernous quirtz clay, heavy 
spar, and ‘ Chinese tale, a silicate and sulphit« of alumina The 
vein seems to have been formed by aqueous solutions, which took 
up their contents from the neighbouring e1uptive rocks and brought 
about the alteration pf the limestone as they percolated downwards 
through it In Carbonate Hill, a gradual passige may be observed 
from dolomite into earthy oxides of iron and manganese The masses 
of workable ore are extremely irregular in shayx size and distribu 
tion They are often 30 to 40 feet thick vertically, and occasionally 
80 feet, but only over asmallarea The rich ore bodies are common 
est in the upper part of the ore beaiimg stratum At Fiyer Hull 
the Blue limestone 1s almost entirely 1eplaced by vein mateiial 
In the census year ended May 31, 1880, Lake County, Colorado, 
which includes the Leadville district, produced 28,226 gross tons of 
lead, with 3830 oz of gold and 8,803,946 oz of silver, of a total 
value of $13 032,464 8 
The most impoitant epee mines of the United State» are those 
on Lake Supeno:, where the native metal occurs ‘ in veins Im lirge 
masses, or scattered more or less uniformly in certain beds which 
are either amygdaloid or conglomerates / The prineipal copper 
producing districts xre in Michigan where the Portage Like dis 
tnct im Houghton county, contains the famous Calumet and Hecla 
mine, which alone produced 15,837 tons of copper 1 1880 o1 about 
half the entue output of the United Stites The d posit fiom 
whence this vast amount of copper was ol tuned 18 a Ind of con 
glomerate, generally called a vein, dipping about 38° north west 
It his been worked fora depth of 2.50 tcet on the mcline In 
187» the stuff stamped yielded 41 per cent ot copper 
In conclusion, we will pomt out that thc value of the miming 
industry in the United States exceeds that of any other country in 
the world, Mr Porter estimating it for 1879 1880 at 360 millon 
dollars, and that of Great Britain at 325 millions © Germany holds 
5 Clarence K ng Statistecs of the Productio: of the Precio | Metals 1 the 
United States Washington 1881, p 19 
6 Op cit p 21 
? Abstract of a Report upon the Geology and Mining Industry of Leadville, 
Colorado Washington 1882 
8 Clarence King op cu p 47 
® Chales E Wright commissioner Annual Report of the Commissioner of 
Mineral Statrstecs for the State of Mechigan for 1880 Lansing Michigan 1881 
see er P Porte: The West from the Census of 1880, Chicago and London 
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the third rank followed by France and Russia The United States | the tin ore 18 not confined to one district 1t occurs and 1s worked 
produce 38 per cent! of the gold yield of the whole world 50 per | at the North Palmer diggings a little to the south 1s Great 
cent of the silver 22 per cent of the pig iron ? 29 per cent. of the | Western mich in tin ore and so 1s Herberton to the north east on 
steel and about 25 per cent of the lead the other side of the Dividing range 

Mexvco has been renowned fot its goldand silver mines ever since —sIn 1881 New South Wales‘ produced minerals and metals worth 
the Spaniards first took possession of 1t and its production 1s still £2 378191 viz 149 627 oz of goll 1775 224 tons of oal 8200 
very considerable Indeed after the United States itstill produces tons of tin 5493 tons of copper 6560 tons of iron besides silver 
far more silver than any other country in the world ‘The average oil shale and antimony In addition to the facts concerning the 
annual output of silver during the twenty five years 1851 to 1875 occurrence of gold already mentioned (Zoc ctf ) it 18 interesting to 
1s estimated by Dr Adolf Soetbeer at 501520 kilogrammes or note that auriferous conglomerates contaming the precious metal in 
16 124 284 oz ® whilst the averago annual output of gold durmg payable quantities have been discovered and worked in this colony 
the same period was 1785 kilogrammes or 57 389 o7 ‘Tin ore 1m rocks of the age of the Coal Measures 5 Tle most important tin 
occurs in considerable quantities in Mexico and 1s hkely to be district 1s that of Vegetable Creck in New England which from 
worked on a large scale aa soon as the tin district 18 opened up by 1872 to 1880 produced 20 988 tons ot tm ore The accompanying 


& railway map (fig 105°) shows the recent alluvium which has hitherto been 
Central Amerwa possesses numerous gold mines 


South Amerva —Veneziela produces gold copper and a hittle 
lead he copper is found at Aroa near the north coast and the 
gold in the province of Guiana which 18 now prod icing upwards of 
100 000 oz annually It 1s highly probable that the existence of 
this gold was known to the Indians who reported it to Sir Walter 
Raleigh and so led him to undertake lus unfort nate expedition in 
seirch of El Dorado French Cura contains workable dey osits 
of gold and yielded 72 168 o7 in 1880 

he chain of the Andes forms a long belt of mi eril producing 
country Beginning with the United States of Colombia we lave A 
a country rich in goli —tle State of Antiq oa being especially : Fs pmopucen to We 
favoured in this respect The annual yield of all the states 1s about 8786 TONS FROM 2g 
200 000 oz Colombia has mines of rock salt yiel ling 19 000 tons 
a year and the emerald mine at Muzo has long been famous Peru 
1s renowned for its silver mines the best known are those of Cerro 
de Pasco situated at an elevation of 14 000 feet above the sea level 
Passing into Bolivia we must notice the silver min < of Potosi 
the weilth of which 1s jroverbial Chih 1s best known as the 
principal copper j 101 1¢1 ¢ country of South Americ but its silver 
mines are not unimyortant and beds of nitrate of sola are largely 
wrought 

The most remarkable gold mines of Brazil he in the province of 
Minas Geries whil t diamonds are obtairel 11 that of Matto 
Grosso In tle Argentine P yublic gold silver and co} per mines 
re bites especially in the provin es on tle eastern flanks of the 

ndes 

The total annual out] ut of the precious metal in South America 
18 estimated to be upwards of 300 000 o7 of gold and 2 000 000 oz 
of silver In 1877 Chil exported 30 128 metic tons of metallic 
copper in addition to ore and regulis 

4ustralea —Australia 1s remarhal ly 11ch m minerals ope se eB eta re Ses 
gold (see Gorp vol \ 3 744 tim and opper anditscoldeposits Mile 1 t : als 
ar likely to be largely ut lized in tle fitute Fie 109 Sketch Map of Part of Vegetable Creek “ew South Wales 

Qieensland though a yoing colory has already mode itself sho ing recent and ancient tin de ‘ape ae st Pie part o 
famous for gold ani tin and it also } ossesses vast resources of coal eoaree . reyes ae Rape ier estate em 
and copper in ad lit: n to the ores of other metals The quantity jours Mie {deep leads) a expla aha fig 106 The rest 18 
of gold sent by escort from the different gold fields was 904 388 oz pane P 
in 1880 in aidition to what was carned by private tands Tin ore 
was first worked in 1872 near the border of the colony with New the main source of the supply and the deep leads which a» far as 
So ith Wales anil larg q 1antities of stream tin have b en obtuned eaplored at present promise stil] ter riches The section Og 
from very s} allow allivial diggings near Stanthore Like gold 106%) shows that these deep leads like those of the gold fiel 
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Fia 106 —Enlarged Section (on AB of fg 100) a ross Deep Leads im Vegetable Creeh New South Wales 





or vol x } 743) areollalluviayr servelinier a capping of 11nes now at work are on Yorkes Peninsula In 18818 South 
asaltic lava Ther uealo nimr ips tin lodes which are begin —Lustrali:} 10duced 38..4 tons of copper worth 4.63 3 0 and 21 638 
ba to kc worked tons of copper ore w rth £154 926 
ictoria hea is the list of gold y1odu 1 g Pit: h colories having In 1881 Western Australia eaported 1400 tous of lead ore valued 

yielded in 18827 as mu has 86461007 fwhich 30 07802 were at £11 204 
denved fiom Iluvial dey osits ani 1. 3 oz from }1artz mines Tasmania like some parts of Australia 1s m him tan ore which 
1077 tons of tin ore were rawed an1l 3, tons of antimony or 1s now ol tained ,mnetpally from an alluyial deposit at Mount 

South Austrilia is tho great copyer prolu in, y101 e tlou,h Bischoff The ore is now almost entir ly smelted in the colony and 
the yield is not sogi it 5 it was ten v ars ago) lt 3 mm yl in 1880 the exports were 3951 tons of metal ani 3 tonsof ore worth 
YS id altogether £341 736 

1 Clarence h ng op cf p 93 Lew Zeata id furnishes a con iderable amount of oli tr n yvartz 


Pension Mm Srank Se a of the Ivon and Ste P oiucts asofth Used reefs and alluvial diggings The annual eapotts juris the tn 
a g p 
2 Dn Ad If Soetbee Fae! aetall Produkiton Goths 18 9 1 6 years 1862 to 18/2 were often (00 000 and even 00000 z Of late 


4 Annual Report of the Department of Mines \ew out! Wales fort year yews the yield has gradually dimimished and m 1880 only 303 215 


1881 Melbourne 1882 p 8 oz valuedat £1 220 263 were exportel ‘ult ris exported to the 
5 Annu Report of the Department f aft es Vw So th tae for the year a 

1876 SBydne 1877 p 173 
6 Fur is ed by Mr W JT Wesley ¢ of South Ausiralta for the year 1fat 
Y Meneral Statistics of Victoria fo the year 1882 Melbourne 1883 p 7 
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extent of 20,000 to 30 000 oz annually 1t 1s mainly denved from 
the gold ol tumcd in the Thancs district wich contains about 80 
per cent of the less valuatle mctal Coal 1s worked m several 
plaecs but the totd output is at present comy aratively small 

New Cd lontr —Th dis cvery of nickel ore in this island by 
M Game in 1867 wis cnc of great mincralogu al interest, and 1t 
has since } one fruits f consi lerible commercial importance The 
New Cil In ecies ue hydrous silicates of nickel and ma,nesium, 
whih ul im veinsin serpentine and contain fiom 7 to 18 per 
cent cf: t1 The nim ral 3s founl on the Mont d Or not far 
from \>1n a Most of the cre 1s sent to 11 wee to be treated 


MINISTRY = Ever since the introduction of monarchical 
mstitutions into England the sovereign has always been 
surrounded by a select body of confidential advisers to 
assist the crown in the government of the country At 
no penod could a king of Lngland act, according to law, 
without adyico m the public concerns of the kingdom, 
the imstitution of the crown of England and the insti 
tution of the privy counal are coeval At the cra of 
the Norman Conquest the kings council, or as it 1s now 
callud the ,11¥y council, was composed of certain select 
mcmleis of the aristocracy and great officers of state, 
spea lly summoned by the crown, with whom the sove 
reign usually advised in matters of state and government 
In the earlier stages of Fnzhsh constitutional history 
the kin,» councillors, as confidential servants of the 
monarch, were present at cvery mecting of parliament in 
order to advise ujon matters judicial m the House of 
Lords, but in the 1¢ gn of Richard IT the privy coun 
cil dissolved its judicial cornexion with the peers and 
assumed an independent jurisdiction of its own = It was 
m the reign of Henry VI that the kings council first 
assumed the name of privy ecuncil, and it was also during 
the minority of this sovereign that a sclect council was 
gradually emerging from out of the larger body of the 
privy council, which ultimately resulted in the institution 
of the modern cabinct ‘Since the Revolution of 1686, and 
the development of the svstem of parhamentary govern 
ment, the privy council has dwindled into comparative 
msignificance when contrasted with its original authorita 
tive position 
Is now exercised by that unrecognized select committee of 
the council which we call the cabinet The practice of 
consultinz a few confidential advisers instead of the whole 
privy council had been resorted to by UCnglish monarchs 
from a very early period , but the first mention of the term 
cabinet council in contiadistinction to privy council occurs 
in the reign of Charles 1, when the burden of state affairs 
was intrusted to the committee of state which Clarendon 
says was enviously called the “cabinet council” At first 
government by cabinet was as unpopular as it was irregular 
Until the formation of the first parhamentary ministry by 
Willam III the ministers of the king occupied no 
recognized position in the House of Commons, it was 
indeed a moot point whether they were entitled to sit at 
all in the lower chamber, and they were seldom of one 
mind in the administration of matters of importance 
Before the Revolution of 1688 there were ministers, but 
HO ministry in the modern sense of the word, colleague 
schemced against colleague in the council chamber, and 1t 
was no uncommon thing to see ministers opposing one 
another in parliament upon measures that ought to have 
been supported by a united cabimet A» the exchange 
from government by prerogative to government by parla 
ment, consequent upon the Revolution of 1688, developed, 
and the House of Commons became more and more the 
centre and force of the state, the advantage of having 
ministers in the legislature to explam and defend the 
measures and policy of the executive Government began 
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The power once swayed by the privy council 
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To the het of works on mining mentioned in the article Coat (vol vi. p 81) 
the following may be alled —Cill i Cours derplostation des Mines Paris 
1874 ard Engl sh translation by © Le Acve Foster and W Galloway , Seilo, 
Levifaden eur Be jp Kunde Buln 1878 Zopyett: Arte minerar:a Milan, 
1882 A yon Groddech Die Lehre von den Lagerstatten der Erze Leipsic 1879, 
i yon Rittinger Le]; buch der Aufberettungshucie Beurln 1867 Jalsbuch Sur 
das Brg urd Huttenuesen tm Konig etche Sacise: kievberg annually Annuat 
Reports of HM Inspeto s of Mines Preliminary heport of Her Majesty s 
Commission 13 Appointed to ligutie ito Acctdents tn Mines Lonion 1881, 
innales des Mines Lauis 6 puts publited yearly Z/e Engineer mg and Mining 
Ju nal Newo1k published weekly Transactions of the Amertcan Institute of 
Mntig Engineers Ph indelplia Dteberg und hutienmannescl e Zertuny Larpaic, 
Oesterrerchische Zerts hitft fur Berg und Huttenwesen Vienna, 


weekly 
(CLNE) 
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gradually to be appreciated The public authority of the 
crown being only exercised in acts of administration, or, in 
other words, through the medium of ministers, 1t became 
absolutely necessary that the advicers of the sovereign, 
who were responsible fo. every public act of the crown as 
well as for the general policy they had been called uj on to 
adnunister, should have seats in both Houscs of Parhament 
The presence of ministers in the legislature was the natural 
consequence of the substitution of government by parla 
ment for the order of things that had existed before 1688 
Stull nearly a century had to elapse before politicak 
unanunity in the cabmet was recognized as a political 
maxim From the first pailiamentary ministry of William 
TIT until the rise of the second Pitt divisions m the cabinet 
were constantly occurring, and a prime minister had more 
to fear from the intrigues of his own colleagues than fiom 
the tactics of the opposition In 1812 an attempt was 
made to form a ministry consisting of men of opposite 
political principles, who were invited to accept office, not 
avowedly as a coalition Government, but with an offer to 
the Whig leaders that their friends should be allowed a 
majority of one in the cabinet This offer was declined 
on the plea that to construct a cabinet on “a system of 
counteraction was inconsistent with the prosecution of any 
uniform and beneficial course of policy” YTrom that date 
it has been an established principle that all cabmets are to 
be formed on some basis of political union agreed upon by 
the members composing the same when they accept office 
together It 1s now also distinctly understood that the 
members of a cabnet are jomtly and scverally responsible 
for each others acts, and that any aitempt to separate 
between a particular minister and his colleagues in such 
matters 1s unfair and unconstitutional 

The leading members of an administration constitute the 
CaBINET (gv) The members of an administration who 
are sworn of the council, but who are not cabinet minis 
ters, are the lord lieutenant of Ireland, the vice president 
of the council for education, the yudge advocate general, 
and the chief officers of the royal household The sub 
ordinate members of an administration who are never in 
the cabinet, and who are seldom raised to the distinction of 
privy councillors, are the yunior lords of the treasury, the 
joint secretaries to the treasury, the paymaster general, the 
junior lords of the admiralty, the parliamentary under- 
secretaries of state, and the law officers of the crown 

During the present century the power of mmusters has 
been greatly extended, and their duties more distinctly 
marked out Owing to the development of the system of 
parliamentary government, much of the authority which 
formerly belonged to English sovereigns has been delegated 
to the hands of responsible ministers As now interpreted, 
the leading principles of the British constitution are the 
personal irresponsibility of the sovereign, the responsibility 
of ministers, and the inquisitorial power of parliament At 
the head of affairs 1s the prime mmmuister, and the difference 
between theory and practice 13 curiously exemplified by 
the post he fills The office 1s fullof anomalies Like the 
cabmet council the prime minister 1s unknown to the law 
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and the constitution, for legally and according to the 
fictions of the constitution no one privy councillor has as 
such any superiority over another, yet practically the 
premier 1s the pivot on which the whole admunistration 
turns He 1s the medium of intercourse between the 
eabinet and the sovereign, he has to be cognizant of 
all matters of real importance that take place in the 
different departments so as to exercise a controlling 
influence in the cabmet, he 1s virtually responsible for 
the disposal of the entire patronage of the crown, he 
selects his colleagues, and by his resignation of office 
dissolves the ministry Yet, though entrusted with this 
power, and wielding an almost absolute authonty, he 
1s in theory but the equal of the colleagues he appoints 
and whose opposition he can silence by the threat of dissolu 
tion The prime minister 1s nominated by the sovereign 
“T offered,” said Sir Robert Peel on his resignation of 
office, “no opinion as to the choice of a successor That 
ws almost the only act which 1s the personal act of the 
sovereign , it1s for the sovereign to determine in whom 
her confidence shall be placed” Yet this selection by the 
crown 18 practically limited No prime minister could 
carry on the government of the country for any length of 
time who did not possess the confidence of the House of 
Commons, and royal favour, if 1t were ever invidiously 
exercised, would ultimately have to yield to a regaid for 
the public interests As a general 1ule the prrme minister 
holds the ofiice of first lord of the treasury, ether alone or 
in connexion with that of chancellor of the exchequer 
Before 1806 the premiership was occasionally held im 
connexion with different other offices—a secretaryship of 
state, the privy seal, and the lhe,—but it 1s now almost 
mvariably associated with the post of first lord of the 


| 
| 


473 


end of the reign of Queen Elizabeth that these functionanes were 
called secretaries of state Upon the direction of public affaus 
passing fiom the privy council to the cabinet after 1688, the secre 
taries of state began to assume those high duties which now render 
their office one of the most influential of an administration Until 
the reign of Henry VIII there was generally only one secretary of 
state, but at the end of his reign a second principal secretary was 
appointed Owing to the increase of business consequent upon the 
union of Scotland, a third secretary, in 1708, was created, but a 
vacancy occurting In this ofhce in 1746 the third secretaryship was 
dispensed with until 1768, when 1t was again instituted to take 
charge of the increasing colomal business However, in 1782 the 
ofhce was again abolished, and the charge of the colomies trans 
ferred to the home secretary , but owing to the war with Fiance in 
1794 a thud secretary was once more appointed to supurintend the 
business of the war depaitment and seven years later the colonial 
business was attached to his dezaitment In 1854 a fourth secic 
tary of state for the eaclusive charge of the war department and in 
1858 a fifth secretarysluip for India were cicated There are there 
fore now five principal secretaiies of stite fou of whom with ‘har 
political under secietaries, occupy seats in the House of Commons 
One of these secretaries of state 13 always a member of the House of 
Loids The secretaries of state are the only authorized channels 
thiough which the royal plcasure 1s signified to any part of the 
body politic an1 the counter signature of one of them 1s necessay 
to give validity to the sign manual thus while the personal 
immunity of the sovereign 15 secuied + responsible adviser for everv 
act Is provided who has to answei for whatever course the crown 
has pursued The secretaries of state constitute but one office, an | 
are coordinate in rank and equal in authority ach 1s competent 
in genetal to execute any part of the duties of the secretary of state 
the division of duties beng a mere matter of arrangement These 
duties are of the deepest 1mportance to the welfare of the nation 
The home secretary contiols all matters relating to the mternal 
aftairs of the country he 1s 1esponsible for the preservation ot the 
public peace and for the security of life ani property throughout 
the kingdom he exercises extensive } wers over the crvil ani 
military authorities of the countiy ani has a dire t contiolhng 
por er over the admunistiation of justice and police in the municrpal 
oroughs, over the police in and around London and ovcr the 
county constabulary , and he 1s especially icsponsible for the exer 


treasury With the exception of the premier, whose duties | cise of the 1oyal prerogative im the 1e] neve or yardon of convicted 


are more general than departmental, the work of the other 
members of the administration 1. exemplified by the title 
of the offices to which they are called The lord chancellor, 
in addition to the jurisdiction which he exercises in his 
judicial capacity, 1s prolocutor of the House of Lords by 
prescription, the keeper of the sovereigns conscience, the 
general guardian of all infants, idiots, and’ lunatics, and to 
him belongs the appointment of all the justices of the 
peace throughout the kingdom In former times the lord 
chancellor was frequently prime munister, the earl of 
Clarendon in the reign of Charles II, however, was the 
last who occupied that position The lord president of 
the council, who 1s always a member of the Upper House, 
presides over the department of the privy council, exercises 
a general superintendence over the education department, 
and has to frame minutes of *ounct! upon subjects which 
do not belong to any other department of state Sub 
ordinite to his department are separate establishments in 
relation to public health, the cattle plague, and quarantine 
The post of lord privy seal is one of great trust, though 
its duties are not very onerous, since they simply consist 
in applymg the privy seal once o1 twice a week to a 
number of patents Ever since the days of Henry VIII 
the privy seal has been the warrant of the legality of 
grants from the crown and the authority of the loid 
chancellor for affixing the great seal The lord privy seal 
1s always a member of the cabmet As his official duties 
are light he is at liberty to afford assistance to the 
administration in other ways, and he has often to attend 
to matters which require the investigation of a member 
of the Government 

The secretaries of state are among the most important members 
of the mimastry, and within the present century their number has 
been increased and then dutics moro specially consolidated The 
ancient English monarchs were always attended by a leaned ecclesi 


astic, known at first as their clerk, and afterwards as secretary, 
who conducted the royal correspondence, but 1t was not untal the 


oftenders or the commutation of their sentences The foreign secre 
tary, as his name implies 1s the official organ of the crown in all 
communications between Great Britain and foreign jowers he 
negotiates all treaties or alliances with foreign states 1 1otects 
Buitish subjects residing abroad and demands satisfaction for any 
injuries they may sustain at the hands cf foreigners The secretary 
ot state for the colonies has to suj e1intend the government of the 
various colonial posscssions of the Biitish crown he appoints the 
governors over the diffuent dependencies of the crown and sanc 
tions or disallows the enactments of the colonial Jegislature, This 
latter powe: has of lite years becn much curtailed owing to the 
establishment of responsible government in most of the colonies , 
still 1t 1» the duty of the secretary of the colomies to correspond with 
the colomal governors and to offer such suggestions as may be 
expedient to assist the deliberations of the colomal councils and to 
yromote the welfare of colonial subjects Until the yeu lot the 
Aikeotion of mihtary afiairs was practically divided between the 
commander 1n chief at the horse guards the board of ordnance the 
secretary at war, and the secretary of state for war and the colonies 
Upon the declaration of hostilities, howcver a_amst Russia in 1854 
the duties of war minister were separated from those of colomial 
secretai\ and asecrtary of state for wa appointed, in whose hands 
the supieme and responsible authonity over the whole military 
business of the country formerly transacted by the various depart 
ments was placed The actions of the commander mm chicf are sub 
ject to the approval of the sccietary of state for wa = The duties of 
the soniiend in chief embrace the disc ee and pitionage of the 
army and the duect superintendence of the personnel of the army , 
with the exception of those duties everything connected with the 
management of the army in peut or war (its materiel? and cvil 
aimimstration, &c ) remains in the hands of the war minister The 
subordinate position of the commander in chief 1s the result of the 
Butish system of parliamentaly government The secretary ofstate 
tor war 1s the mimister of the c1own and not of parhament, although 
he 1s responsible to parliament for the advice he may give to the 
sovereign, yet 1t 18 im the execution of the roval authonty and 
prerogative that he 1s superio: to the ofhcer commanding 10 chief 
ihe principle of the constitutional army is that command, prefer 
ment, and honour come to it from the crown, but the general prin 
ciple 1s equally undisputed that for all pecuniary remuneration 1t 
1s made to depend on parlament By the constitution the crown 
cxercises 1ts authority only through responsible advisers, and hence 
it follows that the secretary of state for wir is supreme over any 
authonty in the umy, including the offic: commanding in chef 
From 1784 to 1858 the terntores blonz.ng to the British crown in 
XY. 
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e East Indies were governed by a department of state called the 
and of meres mn onjanceson “ith tho court of directors of the 
East Indi Company In 1858 this double government was 
abolished, aud the entire admu istration of the Bntish empire in 
India was assumed by the ciown, and all the powers formerly exer 
cased by the Kast India Company and the board of control weie 
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Inscontrol {oassist him in his labours, and to act asa check upon 
the exorcise of his otherwise arbitrary administiative powers, this 
4 aetary has the ail of a council of state for India, consisting of 
fifteen persons of which, however, he1s the president Ihe members 
ot the council for In lia cannot sit in the House of Commons 

The duties of the other m mbers of the ministry cin be bref 
dismissed J'he chancell»: >f the exchequer at present exercises all 
the powers which formerly devolved upon the treisury board, he 
has the entire control of +11 matters iclating to the receipt and 
cxpendituic of public mency, he frames the annual estimates of the 
sums requued to lefriy the expenditure of government m every 
branch ot the public scrviic and it 1s lis duty to lay before the 
tuntry the annual statement of the estimated expenses of govein 
ment and of the ways and means by which it 18 proposed to defiay 
those charges inclu ling the imposition or remission of taxes The 
{itst lord of the a lmirailty (since the abolition of the ofhce of loid 
hizh admnal) with the 11 of the yunior lords who arc called the 
lids of the almuilty conducts the administration of the entire 
naval force cf the empue both at home and abroad and 1s respon 
sible to parliiment for all his } olitical proceedings as the admiralty 
15 but an executive bou |, it 1s however, subject on ce1tain matters 
—the numbei of men 1c jure | for the nav al service the distribution 
of the ficet the strength ot foreign syuidions &c —to the control 
of thecabinet ‘The 71¢31 lent of the board of trade takes cognizance 
cf all matters relating to tiade and commcice and has to ynotect 
the mer antile intere ts of the United kingdom , until 1864 it was 
rot necessary for the picsilcnt to have a seat im the cabinet but 
since that date he his always been a cabiuct minister im oder to 
msure for 11s advi ¢ on ommercial matters a due considcration m 
18b7 the office ot v1 picsilent of thu boud was abolished The 
chancellor of the Cuchy of Lancaster exercises Jurisdiction over all 
matters of e yuity relating to linds held of the crown in night of the 
du by of Lancaster thie offiec is however practically a sinecure 
andis usuilly filled by 11 ling statesman whose timc 1s at the 
suvice of the Government for the consideration of such important 
questions a5 lo not comc within the province of other dey attments 
In 1832 the public worls in 1 buildings of Great Britam were for 
the first time placea un {er the control of a responsible n imster of 
the crown, ini were 2 signel to the charge of the commissi ners of 
woods and forests but 11 1651 the department of public woths was 
sepuated from the w 01s an 1 forests .nd erected into a boaid under 
the name of the office of her majesty s works and public buildings 
The first commissioner of woths 1s the head of the board andin his 
hands 1s } Jaced the custo ly of the royal palaces and park» and of all 
public burl lings nct specially assignel to the care of othe: depait 
ments ‘Sint the stablishmcnt ot lis ofhce the first commissioner 
has frequently hala scat in the cabmct The dutics of the post 
master general of the presi lent of the local government boird and 
of the minor membcrs of the a Imunistration are so obvious from the 
titles of the offices they hold as nct to call for any special mention 

Phe piume minister 1s 1.ponsible for the distiibution of the chief 
offices of government between the two Houses of Parlament 
Owing to the development of the House of Commons within the 
present century 1t 1s now considered advisable that a larger propor 
tion of cabinct mmuisters should have seats in that chamber than 
was formerly the case In the first cabinet of George III only one 
of 1ts members was in the House of Commons and thirteen in the 
House of Lords In 1783 Mr Pitt was the sole cabimet minister in 
the Commons In 1801 fou: cabmet ministers were in the Commons 
and fivein the Lords In 1804 Mr Pitt and Lord Castlereagh were, 
out of a cabinct of twelve, the only ministersin the Commons In 
the Grenville ministry (‘ All the Talents ’), of a cabimet of eleven, 
seven were in the Lords and fourin the Commons In 1809, of 
Mr Perceval s cabinet, six were pees and fourcommoners In 1812, 
of Lord Liverpool » « rbmet ten were peers and only tyo commoners 
In 1818, out of a cabinet of fourteen six were commoners, and in 
1822, out of a cabinet of fifteen nine were peers Since the Reform 
Act of 1832, however, the leading members of Government have 
been more equally apportioncd between the two Houses 


See May Consitiutional History of England Cox Inststuttons of the Enghsh 
ney ment, Alpheus odd, On Parliamentary Government , Cooke Bectory of 
arty CE 


MINK The genus Putorius, belongmg to the family 
Mustelide or Weasel like animals (see MAMMALIA, vol 
xv p 440), contains a few species called Minks, distin- 
guished from the rest by shght structural modifications, and 
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especially by semiaquatic habits They form the subgenus 
Lutreola of Wagner, the genus V1son of Gray. Asin other 
members of the genus, the dental formula 1s ¢ ¢, ¢ 4, p 3, 
m4, total 34 They are distinguished from the Polecats, 
Stoats, and Weasels, which constitute the remainder of the 
group, by the facial part of the skull being narrower and 
more approaching in form that of the Martens, by the pre- 
molar teeth (especially the first of the upper jaw) being 
larger, by the toes being partially webbed, and by the 
absence of hair in the intervals between the naked pads of 
the soles of the feet The two best known species, so much 
alike in size, form, colour, and habits that although they are 
widely separated geographically some zoologists question 
their specific distinction, are P ¢utreola, the Norz or Sumpt 
otter (Marsh Otter) of eastern Europe, and P wson, the 
Mink of North America The former mmhabits Finland, 
Poland, and the greate: part of Russia, though not found 
east of the Ural mountasns Formerly it extended west 
ward into central Germany, but it 1s now very rare, if not 
extinct, in that country ‘he latter 1s found in places 
wlich swt its habits throughout the whole of North 
America Another form, P semruus, from eastern Asia, 
of which much less 1s known, appears to connect the true 
Minks with the Polecats 


The nime may have originated in the Swedish maend apy hed 
to the European anunal Captain John Smith, m his History of 
Virgima (1026), at p 27, speaks of ‘ Maitins Powlccats, Weesels, 
and Minkes, ’ showing that the animal must at that time have been 
distinguished by a vernacular ay pellation from its congeners By 
later authors, as Lawson (1709) and Pennant (1784), it 1s often 
wiitten ‘Minx For the following desci1j tion chiefly taken from 
the American form (though almost equally aj} licable to that of 
Lurope) we are mainly indebted to Flhott Couess Jur bearing 
Anan als of North An ervea, 1877 

In size 1t much rex mbles the English Polecat, —the length of the 
head aud body being usually fiom 15 to 18 inches that of the tail 
t» the end of the hur atout 9 inches ‘The femile is considu bly 
smalle: than the mile The tail is bushy, but tay ering at the eud 
Lhe ears are small, low, rounded, and scarcely project beyond the 
adjaccot tur Ihe pela.e consists of 1 dense, soft matted under fur, 
mixed with long, stiff, lustrous has on all parts of the body and 
tail The gloss 1s greatest on the upper parts on the tail the 
bristly hausy1edomimate Northern specimens have the finest and 
most glistenins pejage , in those from southern icgions there 1s less 
difference between the under and oven fur, and the whole pelage 19 
coarser and hirsher In colow, differcnt specimens present a con 
siderable range of vatiation, but the animal 1s ordinarily of 9 nich 
dak Lrown, scucely or not yaler below than on the gencral upper 

aits, but the back 1s asually the darkest, and the tail is nearly 
flack ‘The under jaw, irom the chin about as far bach as the 
angle of the mouth, 13 generally white Inthe Europcan Mink the 
upper lip 18 aso white, but, as this occasionally occursin American 
specimens, it fatls as an absolutely distinguishing character Besides 
she white on the chin, there ave often other uregular white patches 
on the under parts of the body In very rare instances the tail 19 
tipped with white Thetur, like th t of most of the animals of the 
group to which 1t belongs, 1s an important article of commerce 

The principal characteristic of the Mink 1n companson with its 
congeners 15 1ts amphibious mode of life It is to the water what 
the other Weasels are to the land, or Martens to the trees, bemg as 
essentially aquatic in its habits as the Otter Beaver or Musk tat, 
and spending perhaps more of its time in the water than 1t does on 
land It swims with most of the body submerged, and dives with 
sa ease, remaining long without coming to the surface to 

reathe It makes its nest in buniows in the banks of streams, 
breeding once a year about the month of April and } roducing five 
or 1x young atalbirth Its food consists of frogs, fish, freshwater 
molluscs and crustaceans, as well as mice, rats, musk rats, rabbits, 
and small birds In common with the other animals of the genua, 
it has % very peculiar and disagreeable efflavium, which, accoidin 
to Coues, 18 more powerful, penetrating, and lasting than that o 
any animal of the country except the Skunk It also s tho 
courage, ferocity, and tenacity of life of its allies hen taken 
young, however, it can be reidily tamed, and lately Minks have 

een extensively bred in captivity im America both for the sake of 
their far and for the purpose of using them in hke manner as Ferrets 
in England, to clear buildings of rats (WH F) 


MINNEAPOLIS, the county seat of Hennepm county, 
Minnesota, United States, and in 1880 the first city of 
the State as regards population, hes on both banks of the 
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Mississippi, at the falls of St Anthony, 14 miles by river 
above St Paul The east side was first settled, under the 
name of St Anthony, which was incorporated as a city 10 
1860 The west side settlement, named Minneapolis, was 
incorporated as a city m 1867, and soon surpassed St 
Anthony im population In 1872 the two cities were 
united under the name of Minneapolis The chief m 
dustries are the manufacture of flour and of lumber, for 
which the falls suoply abundant water power The Missis 
sippt here flows over a limestone bed resting upon a friable 
white sandstone, hence erosion 13 rapid, and the mver 
banks show that the falls have receded from a position at 
the mouth of the Minnesota ver In 1851 90 feet of the 
hmestone gave way at once, and, as the rock bed extends 
but 1200 feet above the present site of the falls, the 
destruction of the water power was threatened This has 
been averted by the construction of an apron, or inclined 
plane, of timber, with heavy cribwork at the bottom, and 
the building of a concrete wall in the bed of sandstone 
behind the falls and underneath the channel of the river 
For this work the Umitcd States Government appropriated 
$550,000 and the citizens of Minneapolis contributed 
$334,500 The city has twenty seven flour mills, which 
can produce 29,272 barrels a day The total product for 
the year ended September 1, 1882, was 2,301,667 barrels 
The shipments of lumber for 1880 were 164,620,000 feet 
The population in 1870 was 18,079 and in 1880, 46,887 

MINNESANGER See Gerwavy, vol x p 525 

MINNESOTA, one of the north western States of the 
American Union, extending frem 43° 30 N lat to the 
British Possessions (about 49° N lat ), and from Wisconsin 
and Lake Superior on the east to Dakota on the west, 
between the meridians of 69°39 and 97°5 W long Its 
area, including half of the lakes, straits, and rivers along 
its boundaries, except Rammy Lake and Lake of the Woods, 
amounts to 83,36) square miles 

The surface of Minnesota 1s diversified by few elcvations 
of any great height In general it 15 an undulating plain, 
breaking in some sect ns into rolling prairie, and traversed 
by belts of timber It has an average elevation above 
sea level of al nt 1000 feet The watershtd of the north 
(which dete:mines the course of the three great contincntal 
river systems) and that of the west are not mdges or hills, 
but elevations whose inclination is almost insensible The 
southern and central portions of the State are chiefly 
rolling prairk the upper part of which 1 crossed from 
NW to ST by the forest belt Lnown as the Big Woods,— 
a stretch of deciduous forest trees with an arca of about 
5000 square mils ‘orth of the 47th parallel the creat 
\iinnesota pine belt rvaches from Lake Superior to the 
confines of the Red River valley, including the region of 
the headwaters of the Mississippi and its upper tributaries, 
as well as those of the Superior streams North of the 
pine region there 1s but a stunted growth of tamarack and 
dwarf pine In the north east are found the rugged ele 
vations of the gianite uphft of the shores of Lake Superior, 
rising to a considerable height , while in the north west 
the surface slopes away to the level prairie reaches of the 
Red River valley The surface elcvation of the State 
varies from 800 to 2000 feet above sea level A short line 
of hills in the north cast reaches the latter altitude, while 
only the valleys of the Red River, the Mississippi, and the 
Minnesota fall below the former 

Geology and Sod —The geology has not yet been 
mapped out with the precision attaimed in other States 
The great central zone, from Lake Superior to the south 
western extremity of the State, 1s occupied by gramitic and 
metamorphic rocks, succeeded, in the south-east, by nar 
rower bands of later formation Within the great Azoic area 
hee the central watershed of the continent, from which the 
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St Lawrence system sends its waters towards the Atlantic, 
the Mississipp: towards the Gulf of Mexico, and the Red 
River of the North to Hudsons Bay These primordial 
rocks carry back the geologic history of Minnesota to pre 
“ulurian times They form im the northeast, in the 
ieighbourhood of Lake Superior, an extremely rough and 
ully country, but as they reach the central and south 
western portions of the State they for the most part 
disappear beneath the surface drift Tlus central belt 1s 
iucceeded, on the south and east, by a stretch of sandstone, 
rartially the true red Potsdam and partially a similar but 
ighter coloured stratum, which some have proposed to 
designate the St Croix Sandstone Isolated beds of sand 
stone are found m various parts of the State The north 
western corner, stretching east from the Red River valley, 
1s believed to be Cretaceous, but the great depth of 
dinft and alluvium disturbed by no large rivers, prevents 
4 positive conclusion The Lower Maynesian lmestone 
underlies the extreme south eastern portion of the State, 
and extends along the west side of the Mississippi to a 
point a little below St Paul, thence it takes a course 
almost semicircular, and finally passes out of the State at 
the south western boundary The Trenton limestone 
occupies a large field in the south and south east, it 
comes to the surface m long irregular bands, and an island 
of it underlies the cities of Mimneapolis and St Paul 
with the adjacent districts The Galena limestone, the 
Masquoketa shales, the Niagara limestone, and the rocks 
of the Devonian age in turn prevail in the other counties 
of the south and east, while the exustence of the St Peter 
sandstone would scarcely be known but for its outcropping 
along the bluffs of the Mississipj1, and at the famous 
waterfall of Minnchaha Trom chese various formations 
numerous kinds of stone valuable for building purposes are 
obtamed ‘Lhe grey gramte of St Cloud 1s extremely hard 
and enduring The Lower Vagnesian furmshes two 
especially handsome building stones,—the pink hmestone 
known as Kasota stone, and the cream co'oured stone of 
Red Wing, both easily worked, and hardening by exposure 
to atmospheric chanzes ‘Naturally, from its location 
underneath the princi 1 cities of the State, the Trenton 
limestone 1s the most widely used Sand suitable for 
glass making, and argillaceous deposits abound The 
clay» which make up so large a portion of the sur 
facu dmft of the State are almost wholly of glacial 
origin Overlying the deposits of sand, gravel, boulders, 
and clay is, m most portions of the State, a sandy 
loam, very finely divided, rich in organic matter, deep 
brown or black in colour, and of the greatest fertility 
It 1s this soul which his given to the State its reputation 
for productiveness Its depth vanes from 2 to 5 fect in 
various parts of the State, and it has been described by 
Dr Owen as “excellent in quality mch as well m organic 
matter as in those mineral salts which give rapidity to the 
growth of plants, while it has that durability which enables 
it to sustain a long succession of crops ’ ‘ 

Riuers and Lak s —The State } olds a um yue 4 lace m the great 
water systems of the content The Mi sissipp: which takes its 
rise noith of the centre of the state m Lake Itasha and its conti 
butory lakelets leaves the state limits a gicat river, half a mile 
wide, and fiom 5 to 20 feet deep It drains with its tubutanes all 
the southern and central portions and a large area of the northern 

att of the State It 1 navigable as fir as St Piul, and at 
Minneapolis the falls of St Anthony afford unnsalled fieihtes 
for manufatuing Of the many afiluents of the Mi 

sissipp1 the most important 1s the Minnesota, which after a 
course of about 440 miles flows into the maim stream it | ort 
Snelling 3 miles above St Paul The source of the Minnesot, 1s 
but 1 mile from Lake Traverse, the ongn of the Red River of the 
North, and 1t 18 navigable durm the Ingh water season for about 
238 miles ts principal tnbutans are the Blue Earth, Chippewa, 


Redwool, Lac qui Parle, and Pomme de Tern The R ver 
system drains the north western part of the State. and 1ts waters 
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finally pass into Hudson’s Bay, as also do those fiom the 


country draincd by sticams flowing to the Rainy Lake river and 
the lakes along the northem boundary line hast of this hes the 
region tributary to Lake Superion and the St Lawrence system 
This comprises an are within the State estimated at 9000 square 
miles Its principal iver 15 the St Lous There are altogether 
about %796 miles of navigable water in Minnesota 

The number of lakes 1sestimated at seven thousand 1 ney are ofall 
sizcs and ac foun | chiefly in the northein two thirds of the State 
Thy have been classified geologically into glacial or drift lakes, 
fluyiatile or 11ver likes occupying basins on river courses, and lakes 
having 1ock basins either scooped out by the action of glaciers or 
formed by the 1elative position of different geological formations By 
far the gieiter number give evidence of glacial action in their origin 
‘hey abound over the region most deeply covcred by the surface 
dnft, and are especially prevalent in morainic disticts, forming 
the southern fringe of the lacustrine are of North America) With 
the melting of the 1ce sheet which once overspread Minnesota its 
mnumerable lakcs came into existence, and the gentle acclivity 
of its slopes, precluding rapid erosive action, has tended to give 
yermanence to the dcpressions constituting ther basins he 
ccnsus retuins give 4160 squie miles of water surface within the 
State Most of the Jikes are exceedingly picturesque in their sur 
roundings J'orcsts shirt their shores, which are seldom marshy , 
and their waters abounding in various kinds of fish, are clear and 
cool Besides the siitary advantages affordcd by the lakes, as 
supplying places for 1ecrcation and delightful summer resorts, they 
aflect the climate t> some extent tempermg the extremes com 
monly cxperienved in noithern latitudes The fact that many of 
the Jikes are graduilly dryinz up must be explained vy agricul- 
tural operations ‘Th largest lakes exclusive of aie lying 
wholly o: in yatt im Minnesota ate as follows —Lake of the 
Woods, 612 square miles, Eel 342 Malle Lacs, 198, Leech, 194 
Rainy, 146, Winnibigoshish, 78 and Vermilion, 63 

Flora and Fauna —The floia and fauna present no marked 
differences from those of other States in the same latitude Ina 
pirtial hst of the bids of Minnesota two hundred and e1zhty one 
eal are enumerated Of winter birds fifty two species have } een 
clasufied, twenty three of them being permanent residents 

Clamate —The State les so far noith as to have a low mean 
aunual temperature and s0 far inland as to have the characteristic 
continental climate —_Its elevation above sea level gives an gree 
able rarefaction to the atmosphere and mikes the prevalence of 
fogs and damp weathe: unknown Between June and January 
there 1s an annual vauation from the summe heat of southern 
VOhio to the wintcr coll of Montreal The winter, usually com 
mencing in November and continuing till near the end of Match 
18 not a petiod of intense continued cold but 1s subject to conside: 
able variations Asarule, the comparative dryness of the atmo 
sphere neutralizes the severest effect of excessive cold The snowfall 
is extremely hi ht duting most of the winter, but 18 spring 
appioaches precipitation becomes greater, and there sre frequently 
heavy snowt!alls in February ant March The change from winter 
to summel 15 rayid vegetation sometimes sceming to leap into full 
and active growth within the sj ace of a fuw weeks The summer 
months bring days of intense heat but, with comparatively rare 
exceptions, the ni,hts are deliciously cool. Hot days and cool 
nights make the ideal weither for a good wheat crop, and the 
forcinz heats of summer pioduce in luxuniant growth the ve_etable 
life which belongs to the middle States The Smithsonian chat 
assigns to Minnesot+ an avelage temperature for the hottest wech 
in summer of from 85° to 90°, and for the coldest week in winter 
from 10° to 20° below zt10 ‘The mean annual average for all 
below 47° of latitude 1t gives as 40 © Observations at St Paul 
eatending over a petiod of more than thirty five years, show the 
following mein temperatures —spring 45°6, summer, 70°6, 
autumn, 40°9 winter 16°1 average 44°6 The average annual 
rainfall 1s about 255 inches While this 1s not laige, it 15 so 
histributed as best to subserve the purpoxs of ve,etable growth 
No moisture 13 lost in superfluous spring and autumn rains, or m 
the cold and non producing part of the year the precipitation, which 
in winter 13 less than 2 inches, increasing to about 12 for the sum 
mer To the season of vegetable growth belong 70 per cent of the 
yearly measures of heat 76 percent of the rainfall, and 76 per cent 
of the atmosphene humility The prevailing winds ate Fo the 
south or south erst In 1880 rain or snow fell on 150 days, and in 
1881 on 167 It isevident that the causes which mitigate the actual 
severity of the climate as felt, which produce 60 large a number of 
clear days, 1nd which forbid the continued presence of a large amount 
of moisture in the atmosphere are those which render a climats 
healthful in the Inghest degree Mannesota his been for many 
years a fayourite resort for invalids Th curative properties of its 
climate are especially marked in the case of pulmonary complaints 

Agrwulture —The leading industry of the State 1s agnculture 
‘The character of the surface soil vanes in different parts of the 
State with the character of t}e underlying strata The fertile land 
Lomprises about three fourths of the entire area of the State The 
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dnft soil proper of the south ana centre, including the Minnesota 
valley and the greater part of that of the Mississippi, contains silica 
and calcareous matter, and 1s interspersed with alluvial 11ver 
bottoms The limestone soil, in which there 1s a large calcareous 
element, lies chiefly on the western slope of the Mississaipp: The 
Red River valley consists of an argillaceous mould, mch in organic 
deposits Around Lake Supenor, wherever arable land is to be 
found, 1t is marked bya mch trap soil North of the central fertile 
area, and in the neighbourhood of the sources of the Mississippi, 18 
much swampy land, susceptible of easy drainage, with a large tract 
of sand and other dnft detritus, unfavourable to production Maize 
and potatoes flourish, and the uplands, which support hardwood 
ridges, are suited to geneiil agruulture To the extreme north 
the surface, while undiciting mineral wealth, 1s utterly unfit, except 
in occasional isolated areas, for purposes of tillage 
Wheat has hitherto bcen the staple product of the State Soil 
and climate are such as to ensure a large avirage yield, while the 
euperies quality of the grain has given ita wide reputation The 
other cereals aie also cultivated with success The tendency to 
diversify agiiculture, especially in the southern put of the State, 
has been stimulated by seveiil putial failures of the wheit cio}, 
the locust invasions, wd the competition of the farthe: north west 
The area of the State includes 39,791,265 acres surveyed, 
10,968,575 acres not surveyed and 2,700,000 acres of lake surface 
The total sales of public and 1a1lroad lands in 1879 and 1880 were not 
far from 4,000,000 acres It 1s estimated that the aggregate cf 
lands yet undisposed of, threc fourths of which my be profitably 
cultivated, 1s neatly 20,000,000 acres, exclusive of the lands belong 
ing to the State White Earth Indian 1¢eservation hag thuty six 
townships of pranie and timber lanl and Red Lake reservation 
contains 3,200,000 acres 
Forestry —A special census bulletin estimates the amount of 
merchantable white pine standing, May 31, 1880, as amounting in 
all to 6,100 000,000 fect The entire cut for the census yea: 1880 
was 540,997 000 feet Of hardwood forest 3,840,000 acres 1emain, 
capable of yielding 57,600,000 cords of wood 
vel\ encouragement 1s afforded, both by the railway coipora 
tions and the State, to tree planting on the praies A quaiter 
scetion 15 given to any one who will plant and keep in good condi 
tion 40 acres of timbe: for ght cars Jn 1880 there were plant: | 
25,331 cres of trees, exclusive of those bordering highways and 
the windbreaks along the railzo1d lines 
Manuf tctures — The manufactures of Minnesota are yet in their 
infancy he abundant water power of the State, its proximity to 
the coal fields of Iowa its supetion transportation facilities, and the 
Jai ze demand for manufactured commoditics ue however, rapidly 
devcloying this tianch ofindustry The most my ortant industrics 
aie the manufacture of flour and that of lumber The former natu 
rally established itself in aState of immense wheat y1e1d wndabundant 
water ower It received its greatest stimulus trom the invention 
and adoption of the middlings purifying process, which produc s 
the highest grade of flour, and to which the hard spring wheat of 
Minnesota 13 especiilly adapted Amonys other manufactory 
industries actively prosecuted ue the making of brich, pone 
stonewale, and agricultural un lcments, and also meat packing 
Commerce —The geogiaphicil position of Minnesota gives it es 
tensive commercial mterests Two continent i waterways terminate 
within the State The Mississippi affords continuous navigation 
to Luropein ports durmg eight months of the vear From Duluth 
numerous lines of vessels tiiverse the chun of great lakes and 
transport the products of the west to the eastern searboard = Thrie 
rcat tianscontinental railway lines vie connected morc o1 |ess 
Sireotly with the zailroad system of the State Twelve lines of 311] 
way from every part of Minnesota converge at the contiguous (itn 3 
of St Paul and Minneapolis, and three great trunh lines from these 
centres to Chicago secure the advantages of a lively competition 
Education —The common school system 1s supported by land 
grants, a local tax, and a State tax The superintendent of in 
struction 1s ay pointed by the governor County superintendents 
are chosen by popular vote Common school «districts have boards 
of three trustees each Six directors are appointed for independent 
districts The permanent fund in 1881 was $4,850,000, and the 
current fund $260,835 The State university, located at Minnea 
polis, 18 governed by a board of regents, consisting of the governor 
of the State, the superintendent of public instruction, the president 
of the university, and si, others, both sexes are admitted, ind 
tuition 1s free The State rupports three normal schools Forty 
two academies and six colleges arc sustained by denominational or 
private enterprise « 
Adminstration —The departments of Government are, as m all 
the States, the legislative, the executive, and the judimal The 
State contaims seventy-eight counties, of which some are still 
subject to change of boundary From these ate elected by districts 
forty seven senators and one hundred and three members of the 
House of Representatives The State officers are a governor, 
heutenant governor, secretary of state, treasurer, and attorney - 
aineral all elected by the neople The term of office 18 two yours 
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The governor has power to veto separate items of a money bill The 
Judiciary 18 elective, and the term of office seven yeats The State 
requirements for citizenship are residence in the United States 
one year, in the State four months, and im the election district ; 
ten days preceding an election Women are allowed to vote for | 
school officers and upon questions relating to the management of 
schools, and are also eligible to such offices No county can con- | 
tun mote than 400 squaic miles ‘Lhe legislature meets bienmally | 
xtra sessions may be called, but no session can exceed sixty days» 
in length Under the last «pportionment the State is entitled to | 
five representatives in the national Con 
The annual valuation of property for 1882 as equalized by the - 
State board, gives the personal propeity as $79 219,445, the real 
estate $242,938, 170 18 represents a total actual value of not far 
from $750,000,000 
While Minnesota was still a Terntory, but after it had adopted 
a State constitution, an amendment was added to the constitution 
authorizing the issue of 1 large amount of bonds in aid of railway 
construction Shortly afterwards, the compinies having failed to 
fulfil their contracts and defaulted payment, the State foreclosed 
its mortgage on the lands, fianchises, &c , of the roads, and turned 
them over to other companies By another amendment to the 
constitution, the payment of the bonds was made contingent upon 
the result of a popular vote Several proposals having failed to 
receive this sanction, the necessity for 1t was removed in 1881 by + 
decision of the supreme court, declaring the amendment uncon 
stitutional The legislature 1mmediately met, accepted a } lon of 
settlement proposed by the bondholders themselves, and over 
$4,000,000 worth of new bonds were issued 1n exchange for the old 
For the payment of the principal and interest of these the people 
have voted (November 1882) to set aside as a sinking fund the 
proceeds of 500,000 acres of land belonging to the State internal 
improvement fund the deficit to be paid out of the tax on railroad 
earnings These bonds include all the State debt except about 
$200,000 A tar of 3 per cent imposed on the gioss earnings of 
all railroads within the State will soon meet all expenses except 
provision for educational penal, and charitable institutions 
Population —The populrtion of the State was 6077 at the census 
of 1850, 172,023 1m 1860, 439,706 in 1870, and 780 773 (419,149 
males and 361,624 females) in 1880 According to the last census 
299,800 whites had been born in the State, and of the 267 676 
foreign born inhabitants of the State 107 770 came from Scandina 
vian countnes and 68 277 from the Umted Kingdom and the Buitish 
colonies, while 77,505 acknowledge the German as their native 
tongue ‘Lhe increase of population in the State for the list decade 
of years alone was 75 per cent The most important cities are St 
Paul the capital, and Minne polis, with 41 473 and 46,887 inhabit 
ants respectively mm 1880 Winona had 10,208 and Stillwater 9095 
History —Missionay efforts and the trading spuit fist mduced 
whity men to venture as far into the unexplored north west 2s the 
boundaties of what 1s now the State of MinneSota The earliest 
accounts of its nataial fertures and native tribes appear in the 
Jesuit writings The ‘helitions of 1670 71 allude to the Sioux 
or Dakotas In 1678 « company was formed for trading with this 
tube Dua Luth was kadct of this expedition, and lita on went 
fiom Lake Superior to the Mississippi by canoc ~—- But the first pub 
lished account 1s that of Louis Hennepin, a Recollect monk, who, 
mn 1680, visited the fulls of St Anthony, and give them their name, 
from that of his pation sunt For a centwy the only visitants 
of the wild region wie 1 few misionaiies ania numter cf fur 
tiaders who found the yroft of the journey to more than counter 
balance its perils and hardships 10 the latter cless Lelong Perrot, 
who reached the Mississipx by wry of the Fox and Wisconsin m 
1684, and founded at Like Pepin the first trading post in the State, 
and Le Sucur, a Cinidian, who axended the giewt mver fiom ns 
mouth, and established another post above Lake Pepm Captain 
Tohn Carver the explorer of the countiy of the upper Mississi pr, 
visited the fills of St Anthony m 1766 benz the first British tra 
veller who reached the spot On March 20, 1804, Upper Lousiany 
was organived, consisting of Aikansis Missour: Iowa, an] a large 
portion of Minnesota From this time onw irds the progress of expl> 
ration was rapid, and settlement followed in its tran = The first 
really extensive exploiation of any lage part of what 18s now 
Minnesota wis made between 1817 and 1823, by Major S H Long, 
of the United States engineer cops, in command of a Government 
expedition About the same time the Red River 1ceived its fist 
visitant Thomas Douglas earl of Selkirk an I nghshman of 
eccentrn character, went, in 1817, to what 1. now Winmpeg by 
way of York mver Huving been struck with the agneultaril 
yoasibilitis of the region about the Red River of the North, he 
induced a colony of Swiss farmers to settle ther, ‘These were dis 
appointed in the country, and unused to the severity of the climate, 
so that they finally removed to the vicimty of St Paul and con 
tnbuted to the earlust desclopment of the agricultural in 
dustry of the State In 1821 Colonel Snelling built at the 
junction ot the Minnesota and Mississipm rivers a8 stronghold 
Which he named FoitSt Anthony The name was changed to Fort 
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Snelling 1n his honour, n 1824, and the fort 1s still an important 
post as a bise of supplies for the newer north-west The first 
steamboat made its appearance at the head of navigation in 1823 

The settlement of St Raul, one of the oldest towns as well as the 
capital, 1s commonly dated from 1846, at which time there were a few 
shanties on its site Population now begin to arrive in constantly 
increasing numbers, and on March 3, 1849, a bill passed Congress for 
organizing the Terntory It was proposcd at one time to name it 
Itasca, but the name Minnesotr, meaning, ‘‘sky tinted water, 

and originally applied to the mver bearing that title, was finally 


: retained The western boundary of the terntory was fixed at the 


Missoun mver The population was but 4057, the larzest town 
had but a few hanced iahabitaiits and a large part of the soil of 
the State still belonged to the Indians But pro now began 1n 
earnest A constitution was adopted in 1857, and on May 11, 1858, 
Minnesota was .dmitted as a State, with a population, according 
to the last Territorial census, of 150,037 

One of the first acts of the new State was the issue of the rail 
road bonds noticed above Soon after came the civil war = Within 
two months of Jincolns first call for troops the first Minnesota 
1egiment, over one thousand strong, was mustered into service By 
August of 1862 ten regiments had been called for andfurmished In 
all, the Statesupplied to the armies of the Unton 25,052 mnen, or about 
ne seventh of its entire population at the outbreak of the war 

In the meantime there occurred in 1862, the horrible outbreak 
known as the Sioux massacre Settlements were cut off isolated 
settlers murdered, and even a strong post like Fort Ridgely was 
attacked Tne outbreak spread over a large portion of the State, 
several severe engagements were fought, and 1t was not until the 
State had iiioroughly equipped saheary force ready for the cam- 
paign thit the Indians begun to flee or to give themselves up By 
this time over 700 persons had been murdered, 200, chiefly women, 
taken captive , eighteen counties were ravaged, and 30,000 people 
were homeless i he propeity loss was not less than $3,000,000 

Dung these local and national disturbances the material pro 
sperity ot the State was unabated Notwithstanding the heavy cost 
of the civil war and the Sioux massacre, the census of 1865 showed 
a population of 250,099 Railroad construction began to be ener 
getically cained forward, in 1870 329 miles were made and 1096 
miles were 1n operation , a roid to Lake Superior was completed, 
and the Northern Pacific was fairly under way In 1873 76, and 
to some extent 1n 1877, successive visitations of locusts destroyed 
the crops of the south western counties The sufferers were 
relieved by the State, and no repetition of the scourge has since been 
experienced (J GP) 


MINNOW (Leuciscus phoxnus or Phoxinus les) 1s the 
smallest British Cyprinoid, readily distinguished by its 
very small scales It 1s abundant in mvers, brooks, and 
lakes, always swimming in schools, and shifting its ground 
in search of food, which consists of every kind of vegetable 
and animal substance It ranges from southern Europe 
to Scandinavia, and from Ireland into north eastern Asia , 
in the Alps it attains to a higher altitude than any other 
Cypminoid, viz, to nearly 8000 feet Its usual size vanes 
between 2 and 3 mches , but in suitable localities, especially 
in Germany, 1t 1s known to reach a length of from 4 to 5 
inches The colouts vary with age and season, a senes of 
dark spots or c1oss band» along the sides 1» alway» present, 
but the males assume in summer a nuptial dress of scarlet 
or purple on the lower parts of the head and body 
The minnow is used as bait, it can also be introduced 
with facility and with great advantage into ponds in which 
there 1s otherwise a scarcity of food for more valuable 
fishes, such as trout, perch, and pike 

MINO DI GIOVANNI (1431-1486), called D4 Fresoxe, 
was born at Poppi in the Casentino in 1431 He had 
property at Fiesole, whence his usual name Vasari’s 
account of him 1s very inaccurate and full of contradictions 
Mino was a fricnd and fellow woiker both with D da 
Settignano and Matteo Civitale, all three being about the 
same age There 1s conuderable similanty mn ther works 
showing mutual influence Minos sculpture 15 remarkable 
for its gem like finish and extreme delicacy of detail, as 
well as for its spimtuality and strong devotional feeling 
No other sculptor portrayed the virginal purity of the 
Madonna or the soft mfant beauty of the Divine Child with 
grater tenderness and refinement Of Muno’s earlier 
works, the finest are in the duomo of Fiesole, the altarpiece 
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and tomb of Bishop Salutats, executed about 1464 In 
the Badia of Florence ara some of Minos most important 
sculpturus—an altarpuce, and the tombs of Bernardo 
Giugm, 1466, and the Margrave Hugo, 1481—all sculp- 
tured m white marble, with beautiful life sized recumbent 
cfigies and attendant angels The pulpit im Prato 
cathedral, finshed in 1473, 18 very delicately sculptured, 
with bas relicfs of great minuteness, but somewhat weakly 
designud Soon after the completion of this work Mino 
paid a visit of some years to Rome, where he executed 
several fine pieces of sculpture, such as the tomb of Pope 
Paul If (now im the crypt of St Peter’s), the tomb of 
Francesco Tornabuoni in § Maria Sopra Minerva, and a 
beautiful ttle marblu tabernacle for the holy ous in 
S Maria m Trastevere There can be little doubt that he 
was also the sculptor of several of the very lovely monu 
ments 1 S Maria del Popolo, especially those in the 
sacristy of Bishop Gomicl and Archbishop Rocca, 1482, 
and the marble reredos, also in the sacristy, given by Pope 
Alexander VI Some of Mino’s portrait busts and delicate 
profile bas reliefs are preserved in the Bargello at Florence , 
they are full of life and expression, though without the 
extreme realism of Verrocchio and other sculptors of his 
time He died in 1486 

Sec Vasari Milanesis ed , 1878 82, Perkins, Jtalzan Sculptors 
Wincl elmann and D A,ncourt, Storia della Scultura, 1818 

MINOR See Inranr 

MINORCA See Batearic IsLavps 

MINORITIS See Franciscans 

MINOS, a legendary king of Crete, in whom both 
histo1ical and religious elements are united The historical 
element lies 1n the fact that an early civilization and mari 
time powu had its scat in Crete The Phoenician inter 
course played a great part in devcloping this island state, 
and Minos issometimescalleda Phunician The name Manoa 
1s often found whee Phoenician fluence was strongest, 
eg, at Mcgura The liws and constitution which existed 
from a very curly time in Ciete were attributed to Minos, 
to whom they were 1revcaled by Zeus After his death he 
became the judge of the dead, he 1s one of the forms 
assumed by the old conception of the first man, who 1s 
after death hing and god among thedead It 15 therefore 
highly probable that the name Manos 1s the Gicck form of 
the original Jfanva, 1e, ‘ endowed with thinking,” which 
is seen in the Hindu Manu and the Germanic Mann As 
1n all other heroived forms of the god of the dead, there 
is both a terrible and a wise and beneficent side in the 
character of Minos Cretan legends described him as the 
wild huntsman of the forests and mountains, the lover of 
the nymphs, though his love means death tothem His 
death 15 localized in the far west, n the land of sunset, 
his grave was shown at Camicus near Agrigcntum, attached 
toa temple of Aphiodite He pursued Dedalus thither, 
and the daughters of Cocalus, the king of Agngentum, 
killed him by pouring boilmg water over him in the bath, 
an obvious myth of the sun dying 1n the sea Mhnos, the 
god of the dead, is, according to the usual 1ule, the sun god, 
who gocs to illumine the dead when he dies on the earth 
His wife 15 Pasiphae, the moon goddess, who had an oracle 
by dieams at Thalame in Lacoma The union of the sun 
and the moon the bull and the cow, give mse to many 
quaint and ugly lesends Pasiphac loved the bull of Minos, 
was aided by the stratazem of I) cdalus, and gave birth to 
the Minotaur, half bull and half man The Vinotaur 1s 
one of those monstrous forms which were suggested to the 
Greek fancy by the quamt animals common m Onental 
art. It was shut up in the Lasyprvru (77), which was 
constructed by the skilled artist Dadalus Now a son of 
Minos named Androgeu had been killed by the Athenians, 
and \iinos as a punishment required that seven Atheman 


MIN—MIN 


youths and seven maidens shomu oe sent every ninth year 
and given up to the Minotaur to be devoured When this 
sacrifice took place for the third time Theseus came as one 
of the hostages, and slew the Minotaur with the help of 
Anadne Throughout these legends we see the close 
relation of Minos to the Phoenician sun god Melkarth, and 
perceive the way 1n which different places where Phoenician 
influence can be traced, Athens, Sicily, kc, are brought 
together in religious myths 

MINOTAUR See Minos 

MINSK, a western government of Russia, 1s bounded 
by Vilna, Vitebsk, and Moghileff on the N and E, and 
by Tchernigoff, Kieff, Volhynia, and Grodno on the S. 
and W, and has an area of 35,175 square miles The 
surface 1s undulating and hilly in the north west, where a 
narrow plateau and a range of hills of the Tertiary forma- 
tion runs to the north east, separating the basin of the 
Niemen, which flows into the Baltic, from that of the 
Dnieper, which sends its waters into the Black Sea The 
range, which averages from 800 to 1000 feet, culmmates in 
Lysaya Gora (1129 feet) The remainder of the province 
1s flat, 450 to 650 feet above the sea level, covered with 
sands and clays of the glacial and post glacial periods Two 
broad shallow depressions, drained by the Berezina and the 
Pripet, cross the province from north to south and from 
west to east, and these, as well as the triangular space 
between them, are covered with immense marshes (often 
occupying 200 to 600 square miles), numberless ponds and 
small lakes, peat-bogs, downs, and moving sands, as well 
as with dense forests This country, and especially its 
south western part, 1s usually known under the name of 
Polyesie (“The Woods”) Altogether, marshes take up 
15 per cent and marshy forests no less than 55 per cent 
of the entne area of the province (60 to 71 per cent in 
several districts) The forests, however, consist of full- 
grown trees in the higher districts of the north west 
only, those which occupy the marshy ground consisting of 
small and stunted pme, birch, and aspen The climate of 
the Polyesie is harsh and extremely unhealthy , malarias 
and an endemic disease of the bulbs of the hair (koltun, 
pl. a Polonwa)* are the plagues of these tracts, the evil 
being intensified by the dreadful poverty of the popula- 
tion Communication 1s very difficult The railway from 
Poland to Moscow has, so far as Minsk 1s concerned, taken 
advantage of the plateau above mentioned , but still 1t has 
to cross the broad marshy depression of the Berezina A 
successful attempt was recently made to drain the marshes 
of the Polyesie by a system of canals, and more than 
4,500,000 acres have thus been rendered suitable for pasture 
and agriculture Two great tributaries of the Dnieper, the 
Berezina and the Pripet, both navigable, with numberless 
subtributai1es, many of which are also navigable, are the 
natural outlets for the marshes of the province The 
Dnieper flows along 1t> south eastern border for 160 miles, 
and the Niemen on the north western for 130 miles The 
affluents of the Baltic, the Duna (Dwina), and the Vistula are 
connected by three canals with tributanes of the Dmeper 
The population of the province (] 183,200 in 1873) may 
be estimated at about 1,350,000, mostly White Russians 
(67 per cent), there are also Poles (about 11 per cent ), 
especially in the western districts, Jews (more than 10 
per cent ), Little Russians (5 per cent ), and Russians (2 per 
cent) About 70,000 arc considered to be Lithuanians , 
there are also 4000 Tartars, whose presence can be tiaced 
to the raids of their ancestors on Lithuania in the 13th 
century, and about 2000 German agriculturists whe settled 
1n last century 

The chief occupation of the inhabitants 1s agriculture, which 18, 


however, very unproductive in the lowlands, in the Polyesie the 
peasants rarely have pure bread to eat Only 28 8 per cent of the 
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area is under crops, the etl yield being 1,600,000 quarters of | 
torn and 1,170,000 quarters of potatoes Cattle a very 
unperfectly developul, the meadows being marshy throughout the © 
lowlands Hunting and bee keeping are sources of income 1n the - 
Polyesie, and fishing gives occupation to about twenty thousand | 
ns The chief source of income for the inhabitants of the low 
nds 1s the timber trade Timber 1s floated down the nvers, and 
tar, pitch, vaiious products of bark, potash, charcoal, and numerous 
sorts of timbe: ware (wooden dishes, &c )are manufactured 1n villages 
toa gieat extent , and shipbuilding 1s carried on along the Dnieper, 
Pnipet, and Niemen Shipping is also an important source of 
mcome, owing to the trafhe on the canals and riveis of the province 
In 1877 560 boats and 1120 rafts with 170,000 cuts of cargo left 
the banks of the Berezina and Pmpet , and the trafhc on the Dmeper 
and Nicmen was nearly as great The industial arts are almost 
entuely undeveloped There are, howevei, several distillenes and 
tanneries , and woollen stuffs, candles, tobacco, and sugar are manu 
facturcd to a limited extent Coin 1s exported fiom the western 
districts, but umported to the same amount into the southern parts , 
the chief expoit trade 1s m produce of forest industries Ihe pro 
vince 18 crossed by two important railways, one of which connects 
Poland with Moscow, and the othu Libau and Vilna with the 
pee of Little Russia, the great hizhway fiom Warsaw to 
Toscow ciosses the province in the south, and its passage through 
the Berezina 13 protected by the first class fortress of Bobiuisk 
Minsk 1s divided into mme districts, of which the capitals aie— 
Minsk (43,500 habitants), Bobruisk (26,850), Bonsoff (5650), close 
by the place where Napoleon I crossed the Beresina on his 1etreat 
from Moscow, 5 apa (2200), Movyr (4200), Novogrodek (9000), 
Pinsk (18,000), Rvechitsa (4800), and SIutsk (17,200) The pro 
vince 18 well prone with secondary schools, but primary edu 
cation, especially mm the Polyesie 13 1m a very backward state 
The countiy now occumed by the province of Minsk was, as far 
as historical records extend, an abode of Slavonian» That portion 
ofit which was occupied by the hrivichi became pait of the Polotsk 
puneipality and so of ‘‘ White Russia , the othe: portion, occu 
pet by the Diegovich: and Drevlans, became part of the ‘ Black 
Russia ’, whilst the south western portion of 1t was occupied by 
Yatvyags or Lithuanians During the 12th 18th, aad 14th cen 
turies 1t was divided among several principalities which were in 
corporated with the great principality of Lithuania, and late: were 
annexed to Poland Russia tooh possession of this country m 
1793. - In 1812 1t was invaded by the army of Napoleon I 
Minsk, the capital of the above province, 1s situated 
on the Svisloch, a tmbutary of the Berezima, at the 
yunction of the Moscow and Warsaw and the Libau 
and Kharkoff railways, 465 miles by rail west from 
Moscow It has 43,500 inhabitants, of whom one third 
aie Jews of the poorest class, the othgrs are White 
Russians, Poles, and Tartars (about 700) The manufac 
tures are few and insignificant Since the imtroduction of 
railways the commercial importance of tLe place, which 
formerly was slight, has begun to increase 
Minsk 1s mentioned in Russian annals in the 11th century under 
the name of Myen’sh or Menesk In 1060 and 1096 it was d vas 
tated, first by Izyaslay and afterwaids Ly Viadimu It changed 
Lulers many times until the 13th century, when 1t became a Lithu 
anian fief In the 15th century 1t became part of Poland, but as lit 
as 1505 it w isiavaged by Tartats, andin 1005 by Russians In the 
18th century 1t was taken several tuncs by Swedes and Russians 
Russia annexed it m 1793 =Napoleon 1 tool it m 1812 
MINSTREL The “minstrels, according to Bishop 
Percy, “were an order of men im the Middle Ages who 
united the arts of poetry and music, and sang verses to the 
harp of their own composing, who appear to have accom 
pamied their songs with mimicry and action, and to have 
practised such various means of diverting as were much 
admired in those rude times, and supplied the want of more 
refined entertainments ” This conception of the “munstrel ” 
has been generally accepted in England ever since Percy 
published his Reltques of Ancient Poet: y, which he gave to 
the woild as the products of the genius of these anon} mous 
popular poets and harpers The name ha been fied m 
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exist 1n medizval England, and that the historical Enghsh 
“ minstrels,” so-called, were a much less gifted and respect- 
able class, being really instrumental musicians, either 
retainers or strollers. 

The dispute between Ritson and Percy was partly a dis- 
pute about a word, and partly a dispute about historical 
facts, and there can be httle doubt that Ritson was substan 
tially mght in both respects, The romantic bishop trans 
ferred to the medieval English minstrel the social status 
and brilhant gifts of the Anglo-Saxon gleoman or sc6p, and 
the French troubadour in the flourishing period of Provencal] 
poetry Thatthegleemen sang tothe harp verses of their own 
composing, that some of them travelled from court to court 
as honoured guests, while others were important attached 
court ofhcials, and all received costly presents, 1s a well 
attested historical fact The household bard at Heorot in 
the poem of Beowulf, a man who bore many things m mind 
and found skilfully limked words to express them, was one 
of King Hrothgars thanes, the gleeman of the 77 aveller’s 
Song had visited all the tribal chiefs of Europe, and received 
many precious gifts, rmgs and bracelets of gold The 
incidents in these poems may not be historic, but they 
furmsh mdubitable testimony to the social position of the 
gleeman in those days, a successful gleeman was as much 
honoured as a modern poet laureate, and as richly rewarded 
as a fashionable prima donna Further, the strolling glee- 
man of a humbler class seem» to have been respected as a 
non combatant, this much we may infer from the stories 
about Alfred and Anlaff having penetrated an enemys 
camp in the disguise of gleemen, whether these stories are 
true or not, for otherwise they would not have been 
invented The position of poets and singcrs m Provence 
from the 11th to the 13th century 19 still clearer The 
classification of them by King Alphonso of Castile in 1273, 
by which time honourable designations were getting mixed, 
may help to determine the exact position of the English 
“minstiel” There was first the lowest class, the 6: fvs, 
who strolled among the common people, singing nmbald 
songs, playing on instruments, showing feats of shill and 
strength, eahibiting learned dogs and goats, and so forth, 
then the joglars or joculatores, who played, sang, recited, 
conjured, men of versatile powers of entertamment, who 
performed at the houses of the nobility, and were hberally 
remunerated , then the trobadors, or inventores, whose dis 
tinction it was to compose verses, whether or not they had 
sufficient executive faculty to sing or recite them 

If we compare these distinctions with Percy » definition 
of the minstrel, we see that his minstrel would have corre- 
sponded with the jog/a?, who also wrote his own songs and 
recitations Now in the palmy diy» of Provencal song 
there were many professional joglars, such as Arnaut 
Daniel or Perdigo, who stood high among the most brillant 
troubadours, and visited on terms of social equality with 
nobles and princes But long bi fore Enghsh became the 
cowt language the fishion had disappeared, and a new 
division of functions had been developed In Chaucer s 
tume the poet of society no longer sang his verses to harp 
or fiddle, or amused his patrons with feats of It gerdemaim 
the hing’s gestou (teller of gestes) discharged the profes 
sional duty of amusing with witty stomes, and the soca! 
position of the yoglay had very much sunk Ritson was 
perfectly mght im saying that no Enghsh poet of any seciil 
position was a professional recite: to the haip of verses cf 


the language by the usage of romantic pocts and novelists, ; his own composing — The Provencal joglar, travellinz ficm 
Scott’s “Jist minstrel” and Moores “munstrel boy” were court to court, combined our modern functions of pot, 


minstrels in Percy’s sense of the word The imagination | society journalist, cntertainer, and musician 


was fascinated by this romantic figure, and the laborious 
and soured antiquary Ritson argued m vain that nobody 
before Bishop Percy had ever applied the word minstrel to 
such ar order of men, that no such order of men ever did 


Sut abc ut 
the time when the word “minstrel came to Le applied to 
him the English joglar was rapidly sinking or hid already 
sunk to the social position of the modern strolling mounte- 
bank, tiavellg showman or music hall singer And the 
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word minstrel had had a separate history before it became 
synonymous (as in the Catholwcon Anglicum of 1483) with 
gestuculator, hustrio, joculator, and other names for strolling 
entertainers Derived from the Low Latin mantstralts, 1t 
was originally applied to those retainers whose business 1¢ 
was to play upon musical instruments for the entertainment 
of their lords In Chaucer s Squere s Tale, the “ minstralles ” 
play before King Cambuscan as he dines in state “ biforn 
him at the bord deliciously,’ and the “loude minstralcye” 
precedes him when he rises and withdraws to the orna 
mented chamber, 
Thc: as they sownen diucrse mnstrumentz, 
That 1t 1s lyk am heuen for to here 
But even in Chaucers time there were less respectable 
musicians than those of the kings household—strolling 
musicians, players on trumpets, clarions, taborets, lutes, 
rebecks, fiddles, and othe: instiuments These also weie 
known by the generic name of minstrels, whether because 
many of them had learnt their art m noble households 
before they tooh to a vagabond life, or because the more 
respectable of them affected to be in the service or under 
the patronage of powerful nobles, as later on companies of 
strolling players figured as the “servants” of distinguished 
patrons All the allusions to minstrels in literature from 
Langlands time to Spensers point to them as strolling 
musicians Some of them may have sung to the harp 
verses of their own composing, and some of them may have 
composed some of the ballads that now charm us with their 
fresh and simple art, but the profession of the ‘“ minstrel,” 
properly socalled, was much less romantic than Bishop 
Percy pated it It was not merely “the bigots of the 
iron time that “called their harmless art a crime”, ma 
repressive Act passed by Henry IV they appear with 
“‘westours, rymours, et autres vacabondes” among the 
turbulent elements of the community 
In a passage in Malorys forte Darthur, the word 
minstrel 1s applied to a personage who comes much nearer 
the ideal of the Provencal joglar When Sir Dinadan 
wished to infurate King Mark, he composed a satirical 
song, and gave 1t to Elyot a harper to sing through the 
country, Tristram guaranteeing him against the conse- 
quences When King Mark took him to task for this, the 
harpers answer was, “Wit you well Iam a minstrel, and 
I must do as Iam commanded of these lords that I bear 
the ams of And because he was a minstrel King Mark 
allowed him to go unharmed The service done by Elyot 
the harper in the old romance 1s a good illustration of the 
political function of the itmerant medieval joculator , but 
even he did not sing verses of his own composing, and he 
was not a “minstrel” m the sense in which the word was 
used by romantic poets after the publication of Percy’s 
Relugues wv) 
MINT The mint is the place where the coinage of a 
country 1s manufactured, and whence it 1s issued by sovereign 
authority, under special conditions and regulations The 
privilege of coining has in all ages and countries belonged 
to the sovereign, and has, in England at least, been rarely 
delegated to any subject, and m any case n a restricted 
form, the crown always reserving the nght of determmmg 
the standard, denomimation, and design of the coins 
At a very early stage of civilzation 1t was found 
necessary to have some definite medium of exchange, in 
order to avoid the great mconvenience arising from the | 
system of payment in kind, which was the primitive and | 
natural method It was not long before metal came to be , 
used as such a medium, probably from its durability and | 
portability, andin the case of gold and silver on account of | 
their intrinsic value The less hable the value of a metal — 
is to change the beter 1s 1t suited for a standard of value 
Though historians assure us that metals were found in 
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Britain at a very early period, there does not appear to be 
any evidence that the mines were worked until consider 
ably later than the time at which the use of metal as a 
medium of exchange was mtroduced It 1s probable there- 
fore that the metals for exchange were imported into 
Britain long before the native mines were developed 

The metals chiefly used were silver and brass, which 
were at first sumply exchanged by weight for commodities 
of all kinds As commercial transactions became more 
numerous and more complicated, this system of payment 
grew troublesome, and it was found convenient to divide 
the mass of metal into small parts, which soon took the 
form of rough coms But the principle of payment by 
weight was retained through many centuries, and 1s pet 
petuated, though in name only, in the word “ pound ” 

Records of attempts to organize the coinage of England 
are found as far back as the Anglo Saxon period, and it 1s 
known that on the dissolution of the Heptarchy the mints 
were regulated by laws framed in the witenagemot The 
first monarch who appears to have dealt successfully with 
the organization of the comage was Athelstan, who framed 
laws for the regulation of the mints, and appointed officers 
whose titles and duties are then first recorded The only 
ofhcers connected with the comage of whom mention 1s 
found before this time are the “ moneyers,” who appeat to 
have been alone responsible for the manufacture of the coi , 
but 1t 1s probable that even then there existed some officer 
who had authority over them In early Saxon and Norman 
times the number of moneyers was considerable, mints 
being established in almost every important town, as might 
be expected at a period when communication between 
distant places was extremely difficult They appear to have 
been the officers who actually performed the work of 
making the coin, the mint master in later times contracting 
with them, ata high rate, forthe work They were respon 
sible for the purity and perfection of the coms produced, 
as appears from the fact that 1t was they who were 
punished (as traitors) in the case of any deficiency 1n weight 
or fineness They had prescriptive mghts in the coimage, 
and in modern times (even so late as 1850) claimed to have 
corporate privileges, but it 1s clear, on the authority 
of Ruding, that they never were a “corporation” separate 
from other officers of the mint! The number of mints 
was greatly reduced after the Norman Conquest, but 
continued to be considerable until the reign of Richard I, 
when the work of coming for the whole kingdom was con 
centrated in the mint in the Tower of London Only one 
provincial mint (Winchester) remained till a later date 

An important reorganization of the comage took place 
in 1325 under Edward II, the regulations then framed for 
the manufacture and issue of the coins forming the basis 
of those still in force The principal officers under these 
regulations were—master, warden, comptroller, king’s assay 
master, kings clerks, and cuneator The office of cuneator 
was one of great importance at a time when there existed 
a multiplicity of mints, since he had the sole charge of all 
the dies used not only at the mint in the Tower of London 
but also in the provinces He chose the engravers and 
presented them to the barons of the exchequer in order 
that they might take the oath of fidchty , he superintended 
their work, and was generally answerable for the perfection 
of the dies before they were issued for use in the various 
mints of the country The office, which was hereditary, 
ceased to exist when the provincial mints were suppressed 
In its place was instituted the office of clerk of the irons, 


1 Among the specjal privileges which they undoubtedly enjoyed was 
exemption from local taxation, 1s appears in a wnt of Henry IIT, 
which commands the mayor of London nut to disturb them ‘‘ by 


" sxacting tallages contrary to their pnvileges ” Sometimes also houses 


were allowed to thum rent free 
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‘whove functions were more hmuited, and were not hereditary. 
This office was only recently abolished 

Tn the Middle Ages an mmportant duty devolving on the 
officers of the mint was the collection of the seignio 
which was levied on the coming of money, not only for the 
purpose of covermg the expenses of minting, but also as a 
gource of revenue to the crown which the sovereign claimed 
by virtue of his prerogative In former times the collection 
of the seagniorage was entrusted to the warden, who also 
superimtended the manufacture of the coins, so far as to 
ensure the proper relations between the moneyers on the one 
hand and the state on the other He does not appear, 
however, to have had any responsibility with regard to the 
fineness and weight of the coms 

The king’s assay master was specially charged with all 
matters relating to the accuracy of the standard The officer 
next in rank to him was the comptroller, who presented 
annually to the barons of the exchequer a report of all the 
gold and silver money struck m the kingdom dumng the 
year These reports, which were always written upon 
parchment, constitute the chief mint records The kings 
clerk exercised a general supermtendence and kept an 
account of all the mint transactions As the work of the 
mint became more extensive and more complicated, other 
officers were added such as the surveyor of the meltings, 
surveyor of the money presses, and many others 

The present arrangements with regard to the officers of 
the mint were made in 1870, when several important changes 
took place m the mnt establishment Up to that time 
there had been two controlling officers,—the master, who 
mm some instances was selected on account of distinguished 
scientific attamments (as n the cases of Sir John Herschel 
and Professor Graham), and the deputy master and comp 
troller A careful inquiry, however, having led to the 
conclusion that the control of the mint might with advantage 
be concentrated in the hands of a single officer of experience 
in the conduct of public business, 1t was decided, on the 
death of Professpr Graham, to entrust the actual administra 
tion of the department to the deputy master,—the office 
and title of master of the mimt bemg held by the 
chancellor of the exchequer for the time bemg, without 
salary At the same time the services of a scientific officer 
were secured, by the appointment of a chemist of the mint 
The coming and die department and the melting depart 
ment were united under the name of the operative depart 
ment, and placed under a single supermtendent The 
first deputy master appointed under the new regulations 
was the Hon C W Fremantle, C B, to whom the public are 
indebted for a series of Annual Reports which have given a 
new and increased interest to the subject of the comage, and 
~nay be said to constitute in themselves a mint literature 

The actual operations of coming in early times were few 
in number and simple in character The metal» forming 
the alloy were melted together in the proportion necessary 
to bring them to the required standard, and the alloy thus 
obtained was cast into bars, which were reduced by 
hammering to the requisite thickness They were then 
cut with shears nto pieces more or less regular in size and 
form, roughly annealed, and finally impressed with the 
presemibed device by a blow with a hammer 

The last named appears to have been the only part of 
the process which was performed with any great amount of 
care The blank piece was placed by the hand upon a die 
fixed into a block of wood having a large heavy base to 
reaist the oscillation caused by the blow, the die on which 
was engraved the device for the reverse of the coin was 
then placed upon the upper side of the blank and held by 
means of a holder, round which was placed a roll of lead to 
protect the hand of the operator while heavy blows were 
struck with a hammer by an asaistant workman One of the 
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earliest improvements mn commg was the mtroduction of a 
tool in shape resembling a pair of tongs, the two dies being 
placed one at the extremity of each leg This avoided the 
necessity of readjusting the dies between succesaive strokes 
of the hammer, and ensured greater accuracy n the umpres- 
sion, It was long before the system of coming by hand was 
superseded by the comung press, or mill, which, even after its 
first introduction, was only very slowly adopted Several 
attempts were made to introduce machinery for commg 
before 16 was brought into active use, the objection to it 
beg its great expense The mull and screw were finally 
introduced into the mint under Charles IT, when many 
improvements were also made in the preliminary operations 
Steam power was first applied in 1810, when the vacuum 
screw press was introduced In 1839 Uhblhorn invented the 
lever press, which still remaims in use 

The subject of the design on coins, besides being iter 
esting both from an artistic and an historical pomt of view, 
becomes very umportant when it 1s remembered that it 1s 
the pression of the com with the authorized device 
which makes 1t legally current The artistic merits of the 
design of the early Greek coms are well known, and prove 
that the dies from which the coms were struck must have 
been engraved with much skill and care The form of the 
coins before being stamped was at first merely that of 
natural rounded nuggets of gold, or of the silver gold alloy 
known as electrum Such comed nuggets of gold are stall 
to be found among the hill tribes of India Simple 
nuggets were afterwards replaced by roughly fashioned 
masses like half bullets, a form which rendered it easy to 
impart high relief to the obverse and comparatively low 
relief to the reverse of the coms The early British coms? 
had for their prototype the gold “stater” of Philp of 
Macedon, but the design of this beautifully finished com 
was so roughly imitated by a succession of British copyists 
that ultimately the wreath round the head of the monarch 
alone survived, and that in a scarcely recognizable form 
Tt 1s not only m the early British coins that the mfluence 
of classical art may be seen, for 1t 18 very evident in some 
of the present day, the most notable instances bemg the 
reverse of the bronze comage, and the beautiful design of 
St George and the dragon by Pistrucci, which 18 stall used 
as an alternative design for the sovereign It has been 
ascertained that the impressions on the reverse of very 
early Greek coms were produced by the rough surface 
of the anvil or the nail head on which they were placed, 
while the obverse was struck with the die A little later 
the device on the reverse of the com» was obtamed by 
placing the blank piece on small pots of metal arranged 
in geometrical forms which caused corresponding indenta 
tions on the coms when struck with the hammer The 
beauty and accuracy of design on coins gradually mcreased 
as art and manual skill developed, and probably culminated 
at the period of the Renaissance 

Although 1t has been the custom since the time of the 
Saxons to stamp coms with the head of the re 
monarch, 1t does not appear that any attempt at actual por 
traiture was made in England until the reign of Henry VIL, 
who, “about the eighteenth or nineteenth year of his reign, 
did make a great alteration in the form of his com, upon 
which his head was now represented 1n profile, and with 
a good resemblance of his other pictures”? Since then 
much care seems to have been taken to stamp the coms 
with a true hkeness of the monarch In most cases the 
heads bear a strikimg resemblance to the portraits drawn 
by the great artists of the respective periods, ard were, 
indeed, generally designed by artists cf eminence Some 
of the Milan coinage of Louis XII 1s said to have been 

1 See Evans, Cotns of the Anctent Britons 


* See Martin Folkes, Tables of English a ai Cows. 
1 OF 
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designed by Leonardo da Vinci, and similar work 1 attri- 
buted to Benvenuto Cellim 
In very early times the silver coms were equal in weight 
and in tale, each penny weighing 24 grains or | penny- 
weight The amount now denominated a pound was a 
pound weizht of standard or sterling silver This principle 
was in fact, however, not strictly adhered to, the coms 
frequently falling below the standard of weight This 
deviation may possibly have arisen from the imperfection 
of the methods of manufacture, but Ruding (Annals of the 
Cownage) considers 1t to have occurred from design, as the 
deficiency 1n weight was sometimes made a source of profit 
The deviation from the standard weight permitted by law, 
now called the “remedy,” and anciently called the “ shere,” 
was taken advantage of to a large extent, so that the coms 
suffered considerable diminution, particularly when, as 
frequently happened, they were also “clipped ” as soon as 
they were issued When these coins were called im they 
were taken by weight and not by tale, so that the posses 
sors suffered considerable loss In later times the great 
improvements in the method of manufacture made it easy 
to attain far greater accuracy both of weight and fineness , 
consequently the remedy permitted by law has been con 
siderably reduced, and the possibility of making a large 
amount of profit by this means proportionally diminished 1 
The seigniorage levied on the coming of money was not 
@ fixed rate, but varied considerably at different times, and 
accrued from a deduction made from the bullion comed 
It was abolished by an Act of Charles IL, which provided 
that whoever brought ste:ling silver or standard gold to 
the mint should receive m exchange an equal weight of 
current coin, the expenses of coming being defrayed by 
means of duties levied upon certain commodities of common 
use The seigniorage on silver was revived im the reign 
of George III, when that part of the Act of Charles II 
which related to the coming of silver without charge was 
repealed, and another Act was passed, requirmg every 
pound of silver to be coimed into sixty six shillings instead 
of sixty two,—the four shillings realized on each pound of 
silver by this depreciation of 1ts value being handed over 
to the master of the mint to defray the expenses of assay- 
ing, loss, and manufacture An Act of Wilham IV 
required the seigniorage on the silver comage to be paid 
to the credit of the Consolidated Fund, and the charges of 
the mint to be brought annually before parhament Against 
the profit derived by the state from this source must be 
placed the expense of maintaining the silver coinage in a 
condition fit for circulation by frequently withdrawing, 
recoining, and reissuing the silver coins <A vote of 
£15,000 1 annually taken in the mint estimates for the 
loss on the recoinage of silver 
In former times the work of the mint was performed by 
contract, the mint master undertaking the manufacture of 
the comage at a stated price, and paying the moneyers 
and other officers and workmen under him at a fixed tariff 
The agreement made between the crown and the mint 
master, called the “master’s undenture,” was sometimes 
purposely hept secret This system appears to have pre 
vailed from the reign of Edward I, when an agreement 
was entered into between the king and the first master of 
the mint (appointed about 1279) Under this agreement 


1 Two notable instances are recorded of the use that hax been made 
at various times of the shere, or remedy, as a means of profit, one 
being in the 1e1gu of Queen Elizabeth, when Lonison, then master of 
the mint, finding the allowance mad him under his contract was m- 
sufficient to cover the expenses of coming availed himself of the 
remedy on the silver coiage, arrounting to 6}d in the pound troy 
The other occurred at the time of the great recoinage of silver in the 
reign of William III , when the profit of the shere amounted to 3d 
per pound waght, or rather more than 8s im every hundred pounds 
of money. 
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an allowance was secured to the master to cover all the ex. 
penses of comage Although the master of the mint ceased 
to be a contractor, the arrangement with the managers con- 
tinued in force up to 1851. 

The work of comage was transferred in 1810 from the 
Tower of London, where it had been carned on for many 
centuries, to the present Mint on Tower Hull, not far from 
the Bank of England The head of the department, as has 
already been stated, 1s the chancellor of the exchequer for 
the time being, who 13 ex officio master of the mint,—the 
practical direction of the work beg placed in the hands 
of a permanent officer, the deputy master, who 1s responsible 
for its due performance From the English mint 1s supphed 
the comage for the whole of the British empure, mcluding 
the colonies, with the exception of Australia, the latter 
and the East Indies are supphed from branch mints estab- 
hshed at Sydney and Melbourne, and the mints of Calcutta 
and Bombay Inaddition to the gold, silver, and bronze 
coins current in the United Kingdom, the Enghsh mint 
strikes gold coms of the value of two dollars for New- 
foundland, silver coms of the value of fifty, twenty five, 
twenty, ten, and five cents respectively for Newfoundland 
and Canada, bronze pence and halfpence of special design 
for Jersey, and michel pence, halfpence, and farthings for 
the West Indies The number of coins of each separate 
denomination issued varies considerably in different years, 
the demand for special denommations of com naturally 
determining the supply 

The following table (from official sources) shows the value of the 


gold and silver coins issued during the ten years 1871 81 The 
total value of the bronze coin issued in the same period 1s £112,890 


Gold Comage 2 
Sovereigns Halt Sovereigns ‘otal Value | Half Crowns 


Silver G mage 


Flor ns 
£ £ 
1¢l7 a 15 261 441 


3.384 v68 


£ 
13 648 88) 
2 882 83a 
519 €29 


8 294 705 


1106 289 
17 52> 
3 64u 858 


¢ 


94010 791 


183 150 
112 (62 
168 102 
280 170 


1 158 780 
¥* 525 


504 199 4150 052 


82 479 129 | 12913 6 2 vlf 184 





7 868 408 


Silver Ccinage 3 


Three 
pences 


Two 
pences 


Six Four 
mgs pences pences 


£ 
443 322 


Shill 


£ 
1 248 836 


262 548 
2 803 730 | 916 146 | 693 


1880 
1881 


° 


7 975 104 





or twenty shilling piece was first issued 
by proclamation dated 1st July 1817, superseding the guinea or 
twenty one shilling piece Crown pices of the nominal value of 
five shillings were first struck in the reign of Henry VIII, mx 

nees and threepenny pieces are first mentioned 1m the reign of 
Rayard VI, while the groat or een plece was coined as early 
as the reign of Edward I , the flonn or two shilling piece was 
introduced in 1849 Copper money was first coined by Charles 1 
1n 1665, but does not appear to have becn issued until 1672 Copper 
was replaced by bronze in 1860 

The weight and finencss of the vanous denominations of coin 
struck at the Royal Mint 1s shown in the first schedule of the Coin- 
age Act (83 Vict ¢ 10), 1870 — 


The Bnitish sovere) 


2 In these gold returns fractions of pounds sterling are om:tted. 

3 The numbers and weights of the fourpences, twopences, and pence, 
being Maundy coins, are the same for each of the years —-4518 four 
pences, 4752 twopences, and 7920 pence 
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Standard Vi eight Least Current Weight Remedy Allowance 
Denomination of Coin Imperial Metric Imperial Metric Standard Fineness { SWelgnt per, Eee 
Weight | Weight | Weight | Weight frapetial | Oise” | Pineaben: 
Grains Grammes Grains Giammes Gruins |Grammes 
Gold— 
Five pound 616 3723) 89 94028 612 0000 89 68930 }} fine gold 4, ( 100000 | 0 06479 
‘Iwo pound 246 548) lo 97611 24 00000 15 87 74 tow ct mille 0 40000 | 0 02592 
Sovuelgn 12 2 447 9880 122 50000 7 93787 simal finencss 0 20000 | 0 01296 
PS jae sovereign 61 637 3 o 93402 61 12500 3 96083 916 66 | 0 10000 | 0 00648 
Crown 436 363(% 8 27090 1 $1818 | 011781 
Half ctown 218 18181 14 13795 090309 | 0 05890 
Yl rin 1 4 r4040 11 31086 3, fine silver { 77 | 004712 
Shilling 8 2722 06 18 qo ulloy o 0 36363 0 02396 
Sixpence 43 6363¢ 282 09 millesimal 018181 001178 
Groat or foni pence 29 09090 18S 06 fineness 012121 OX 8 
Threepence 21 81818 1413 9 d2u (000 , 000589 
Twopence 14 5454 ( 94253 0 06060 | 0 00892 
lenny 797272 0 4712¢ 002030 | 0 0019¢ 
B onze—~ 
Tenny 145 83333 9 44984 Mixed metal — 291¢6¢ | 0 18899 
Half; enny 8 0 of 30 coppe: tm and 172000 = (11389 None 
Farthing 43 750 0 2 &34J zinc 08 100 0 00669 


The weight and fineness of the coms s}ccificd in this schedule — 


are according to what 1s provided by the Act *6 Geo III c¢ 68 
that the gold coin of the United kingdom of Gacat Britain anl 
Ireland should hold such weight and fineness as were prescrile 1 im 
the then existing mint indenture that 1s to say that there shoul 1 
be nine hundred and thirty four sovereigns and one ten shilling 
piece contained 1n 20 Th weight troy of standaid gold of the fme 
ness at the trial of thu same of 22 carats fine alt and 2 carats of 
alloy m the pound weight troy and further as rcgar Js silver con 
that there should be sixty six shillings in every yound troy of 
standard silver of the fineness of 11 ounces 2 pennyweights of fine 
silver and 18 penny weights of alloy mn cvery j ound weight troy 

The present standard of fineness for gold 22 parts fine or pure 
rold and 2 paits of alloycd metal was finally ado} ted in the reign 
if Charles II and has 1emained unchanged up to the yresent 
ime _ Before the passing of the Act determining this standarl 
considerable changes ha1 been made fiom time to time the highest 
legree of fineness hoiving becn reache 1 in the 1e1,n of Henry II] 
vhen the first gold coins were struck of the standar1 of 24 carats 
mire gold The standard of fincness for gold at some different 
rer10ds may be seen fiom the followimy table which shows the 
‘composition of some of the ancient gold trial plates of which 
vortlons are preserve! in the Mint — 





Standard piesc:lbed 
| vin standard | gee ation 
found by in Ca ats and in 
| InCarats Dect al Apsay ‘Thousandtt s 
and Gia ns Equi ale t 
a a pe Seer 
| | 4cirat o 139 
23 3} 994 8 Gold 993 u 2 a? 
22 0 916 Wo } (9 
23 0 984 944 Pt 69 
3 3} 994 8 9 3 ; ¢9 
2? 916 6 13 €9 
°3 3h 994 8 143 5 
2> 0 916 6 91 9 69 | 
23 3h 994 8 3 | i 52 
> 0 JIE 6 113:( } 7) 
23 3} 394.8 9979 + 6) 
22 0 916 6 1) 3 «9 
22 0 gle € 914¢ | 4 69 
22 0 916 6 11 a tg 
2> 0 91¢ 6 916 1 } 6) 
2? 0 91 6 9lu te 26 
22 9 91t & 91 ¢1 20 
Supplements. j }Jite Fie gold | 








The earliest tral plate of which there 1s any r cid was make in 
the acventeenth year of k iwadIV Before that time 1¢ would sccm 
that the coms were compared with others known to be of stan Jar! 
fineness sincc among the Cotton MSS 1s preserve | the account of 
the tral of the pyx of gold nobles in 1349 wh n the coms were 
compared with an ounce of florins of Florence kept in the Treasurs 
as standaids The first gold coins were 24 carats fine or } we gol 
Edward III causel coins to be struck of 23 carats 34 ,runs fine 
mn 1345 but no tnal plate of this standaid wis male until 1477 
Henry VIII lowered the standard to 22 carats but cause! com 
to be stiuck both of that and the forme: stau lads The ,reatest 
debasuemont of the standard ever reachel mm kLnglind was in 
1546 when it sunk as low as 20 carats It reached + low 
point im the early part of Edward VI » ragn but was raise 1 
towards the end of it to 22 carats ani it was still further raised 
to 23 carits 84 grains by klzabeth, who howeser cause! goll 
coins of 22 carats also to be struch Charles II on his acctssion 
rejected the trial plates of the standard of 22 carats which had 
been made under the Commonwealth and caused others to be 
made of the standard of 28 carats 34 grains No coins, however 
appear to have beon struck of this standard The same monarch 


ifterwards fixe 1 the standard at 22 carats and no variation im the 
legal standard has occurred since that time The last new tnal 
plates made in 1873 were alloyed with copper only, in order that 
they might correspond with the composition of the British gold 
coins former plates having been alloyed with silver and opper 
At the same time supplementary ylates of pure gold and silver 
were prepared in order that the greatest possible accuracy might 
be securcd 

The yresent standard of fineness of silver for coinage was fixed 
at a very early period Lut has been subject to considerable vana 
tion since the reign of kdward I the fst English monarch who 
debased the silver comage In the reign of Henry VIII it was 
once reduced as low as 4 ounces of silver to 8 of alloying metal, 
and kdwaid VI 1educel it even lower It was restored bv 
Lhizabeth to the original standard 

Lhe following table shcws the composition of some of the ancient 
ines tial plates of which portions have been preserved in the 
Mint — 
















Standard prese bed 
by Law | Standard | pieaien Velie 
four d by m Dwts and in 
In ozs Decimal Assay Thousandths 
anddwts kyu valent 
Susser 4 
11 2 | 900 | 30 | 2 dwts 
8d0 0 
9 6 v4 63 6 B8dwts () a LD 
9 929 0 970 2dwts o 84 | 
li >? 350 930 7 2 bt 
3 0 250 0 220 3 VS 
ll 2 995 0 9201 2 84 
ll 2 920 0 9 2 dwts 
ll 2 900 923 2 
ll 2 92y 0 9942 2duta or 84 
ll 2 $30 » 0 2 84 
ll 9? 9750 970 2 84 
ll 9 92 0 9&9 2 dwts 
ll 2 9? 6 4250 ldwt or42 
11 2 1350 924 96 0 
Supplementa 5 nate Pure sil er 


The alloy used for the bronze coinage 1s composed of 95 per cent 
of copper 4 of tin and 1 of zinc Lhe Lronze coinage superseded 
the o { copper coinage in 1860 the latte: haying been in use since 
the 1eign of Chailes II ‘he vicissitudes of the cop; e1 comage 
wore even greater than those of the sujcrior coinage coins for 
Ireland having been issued at one time of pewter and of other 
alloys in which scarcely any coy per was contained 

The annual testing of the standard of gold and silver 
coins, called the trial of the py, from the “ py ’ or chest in 
which the coms to be examined are kept, 1s @ ceremony of 
very ancient institution It arose from the circumstance 
that the mint master was originally a contractor, under the 
crown, for the manufacture of the comage, and it was 
therefore necessary that periodical examinations of the 
coins should be held im order to ascertain that the terms of 
his contract had been comphed with At the present day, 
when the mint master 1s no longer a contractor, but an 
officer of the crown, the tnal of the pyx has a somewhat 
different object, but 1t would appear from the descmption 
of these periodical examinations in some of the earliest mint 
records that but httle change has taken place in the manner 
of conducting them The finished coms are delivered 
to the mmt master in weights called “journey weights,’ 
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supposed to be the worght of com which could be manu 
factured mn a day when the operations of coming were 
performed by the hand The journey weight of gold 1s 
15 ib troy, comed mto 701 sovereigns or 1402 half 
sovereigns The journey weight of suver is 60 b 
tioy rom each journey weight a com 1s taken and 
deposited in the ‘ pya or chest for the annualtnal This 
1s made by the freemen of the goldsmiths’ company under 
the direction of the crown in the presence of the queens 
remembrancer, who administers the oath to the jury and 
presides over the proceedings The coms selected for trial 
are compared with pieces cut from trial plates of standard 
fineness, which are in the heepmg of the warden of the 
standards, these pieces beimg assayed against the coins 
under examination [If the coins are found to be of the 
standard fineness and weight within cettain limits, a verdict 
to that effect 1» drawn up by the jurors and presented to 
the Treasury 

In consequence of the impossibility of ensuring an abso 
lutely exact admixture of metals m coming it has been 
found neccssary at all times to allow to the mint master 
a certaim margin or “remedy within which coms may 
vary in weight and fineness from the fixed standard and 
still be considered of the current standard The remedy 
of fineness for Lnghsh gold coin 1s now fixed at 2 parts 
per 1000 The great importance of maintainmg the 
standard of fineness for gold will be evident when 1t 1s 
stated that the variation of ,1, of a millieme (or thousandth 
part) above or below the standard causes a gain or loss 
of £100 in every million steiling Gold coms would 
be within the remedy of fineness permitted by law if 
the amount of precious metal contamed mm them vaned 
from 9146 to 9186 parts in 1000, and, although this 
remedy cannot be considered to be more than would 
meet occasional and unavoidable deviation from the exact 
standard, still, in the case of gold buta very small ; art of 
the remedy of fineness 1s actually used, the coins seldom 
talling below 916 3 ; arts ot gold in 1000, 01 rising above 
917 0, while the mean composition of many mullions of 
coins issued from the mint 1s often of the precise legal 
standard, 91666 The remedy of fineness for silver coin 
which appears to have been always gieater than that for 
gold coin 1s 4 parts per 1000 The 1emedy of weight 
for gold 1» 16 per 1000 parts, that for silver 417, and 
that for bronze 20 Latreme care 1s taken to prevent the 
issue from the mint of any coins that eacecd these permitted 
variations in weight and standard each com being weighed 
separately, and all thuse found to be above or below the 
standard being returned to the melting house 

Since the real value of the gold coinage 1s the same as 
its nominal value it is of the first importance that gold 
coins which are below the standard weight should not be 
allowed to circulate, otherwise holders of large quantities 
of gold coin are hable toconsiderable loss Arter a ce1tain 
amount cf wear a gold comm in passing from hand to hand 
loses weight and becomes legally uncurrent By the Comage 
Act it is made compulsory for evc1y person to cut break 
or deface. any coin tendercd to him in payment which is 
below the current weight, the perscn tenderin, it bearing 
the loss but as no penalty 1s 1m) »sed for disregard of this 
obligation, the 'aw 1s j1actically without effect The 
withdrawal of hght com from circulation was formerly 
accomplished solely by the Bank of In land the mint 
regulations making provision fcr the receipt of gold tendered 
for coinage only in the form of bars The bank undertook 
to purchase the light gold from tnc public at the rate of 
£3, 178 64d an ounce, a price which ay compared with 
the mint value of £3, 17s 104d entailed a loss of no less 
than 4d an ounce on ‘he seller This loss was occasioned 
chiefly by the circumstance that the bank, bemg obliged 
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before sending the hght gold to the mint for recomage te 
melt, assay, and cast 1t into bars, found it necessary to 
deduct the sum of 24d an ounce from the rate of £3, 17s. 
9d an ounce at which it was allowed by statute to purchase 
gold for comage, in order to cover the expense of these 
operations and the loss incident to them The heavy loss 
in price, added to that from deficient weight, occasioned 
constant disregard of the law requiring all light coi to be 
cut or defaced, and consequently a large amount of hght 
gold continued to be circulated After the passmg of the 
Comage Act in 1870, accordingly, fresh regulations were 
made, by which the mint authorities undertook to receive 
hight gold coin for recomage, returning to the importer the 
full mint value of £3, 17s 104d an ounce, thus reducing the 
loss to that arising from deficiency of weight only As the 
Bank of England was enabled by these regulations to raise 
its price for light gold to the rate of £3, 17s 9d, the same 
rate at which 1t 1s bound to purchase ingots of standard 
gold, greater inducements were offercd to the public to send 
in light gold for recomage, and its withdrawal from 
circulation was in consequence greatly facilitated It is 
evident, however, that, as the deficiency in weight must 
entail some loss on the holders of hzht gold com, they will 
be disposed to heep it in circulation as long as possible , 
consequently only a small proportion of the hght gold 
received by bankers finds its way to the Bank of England 
and thence to the mint for recoinage The result of some 
careful experiments made by the late Mr Stanley Jevons, 
and published by him in the Journal of the Statistical Socrety 
(vol aaar p 426), showed that a sovereign becomes so 
light as to be legally uncurrent at the end of cighteen years 
The last state measure taken for the withdrawal of hght 
gold coin from circulation was the issue of a royal pro 
clamation in 1842 calling attention to the laws and 
regulations relating to hsht gold com, and istructing 
those }e1sons whose duty it was to enforce them to see 
that thcy were carried out From the beginning of July 
1842 to the end of March 1849 £14000000 in hght 
gold coin was withdrawn from circulation and 1ecoimed 
This amount was estimated to represent 90 per cent of the 
whole of the light gold then in circulation In order to 
facilitate this withdrawal the Treasury had in June 1842 
enteied into arrangements with the Bank of Lngland by 
which the bank was enabled to purchase hght gold on 
behalf of the Government at the full mint value of £3, 17s 
10'd an ounce Light coin, however, continued to be 
sent into the bank for some time after it had reveited to 
its original rate of payment for light gold 1¢,£3 17s 64d 
an ounce The expense to the state of this withdrawal, 
including the eapenses of recomage was £67,516 As no 
important withdrawal of worn gold coin his occurred since 
that time, 1t is evident that a large amount of light gold 
must be at the present time in circulation and that he 
loss in weight must be considerably greater than that of 
the coins withdrawn in 1842, the oldest of which were not 
more than twenty five years old the first issue having taken 
place in 1817 = It has been proved by experiment that the 
average loss of weight in worn sovercigns and half sovereigns 
now in cuculation 1s about 3d im cach sovereign and that 
the deficiency in fineness of a larze proportion f the coin 
amounts to about £400 per million This defi iency arises 
from the trial plate of 1829, which determined the standard 
of a portion of the coins still in circulation, being itself 
below the legal standard ‘laking the gold cuculation at 
£100,000,000, of which aovut 50 per cert is hght, it 1s 
estimated that the amount to be recomed caunot be less 
than £50,000,000, on which the loss from deficiency of 
gold, both in weight and fineness, must be reckoned at about 
£650,000, independent of the expenses of recoinage 

In the case of the silver comage, the loss consequent on the 
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withdrawal and 1ecomage of silver money is now covered 
by the seigniorage arising from the difference between the 
real and the nominal value of the coms _ Before the adop- 
tion of gold as the sole standard of value, the conditions 
attending the withdrawal and recoinage of silver were much 
the same as those for gold In the period between the reign 
of Charles II and the accession of Wilham III the 
condition of the silver commage became so unsatisfactory as 
to demand the attention of parliament A recommendation 
made at the suggestion of Sir Isaac Newton for a recoinage 
of silver was at first strenuously opposed, but was finally 
adopted In the course of the discussion the question of 
raising the standard of weight and fineness arose, and this 
important change would probably have been made but for 
the representations of Locke, who warmly took up the 
question and convinced the Government of the desirability 
of preserving the established standard In the great 
recoinage of silver, the loss arising from chipped and defaced 
com was boine by the public, the money being raised by 
means of a special tax on glass windows The silver 
reissued at this time amounted to £7,000,000, and the 


tax raised to cover loss and the expenses of comage to | 


£1,200,000 The work of this recomage was so great that 
the resources of the mint m London wue found to be 
unequal to the pressure put upon them, and therefore 
mints were eithe: revived or established for the first time 
in a few of the large provincial towns In addition to 
this ten furnaces were erected behind the Ticasury at 
Whitehall to mclt down the old pieces By these means 
the renovation of the silver commage was completed within 
the ycar The new silver coms then issued were the first 
which had mulled edges, the milling havimg been introduced 
in order to prevent clipping 

The mode 1n which the silver currency 1s distiibute | throuzhout 
the hinzdom 1s explained by the late Mi (ceorge Forbes, cashier of 
the Bank of kn, land as follows — 

Every banker m the kingdom has a banke: who 1s his agent m 
London very London banker has an account with the Bank of 
England In tne Bank of I ngland there 1» a department devoted 
to the issue and receipt of silver com It in 2 district there 1s a 
deficiency of silver cutrency the bankers of the district ate the hirst 
to find it out = Lhey at once wiite to their London agents who 
draw on then account with the Bank of England, and obtain what 
silver 15 re yurred which they send tothe country bauke: On the 
othe: hin}, 1f there 15 a surplus of silver in a distii t 1t accumulates 
in the coflers of the Jocal bankers who send it up to then London 
agents and they send it into the Bank of Lugland If there isa 

neril demand for silver cuency, the stoch which the Bank of 

igland cndeavours to keep on hand becomes unduly dimmished 
ent immediate notice of the fact 1s conveved to the mint authouities 
who procecd with all convenient speed to com a supy ly of florins 
shillings, sixpences, o1 of all of these coins as the nature of the 
demand may 1equue 

Gold bullion for comage 1s supplied to the mint almost 
entircly by the Bank of England, the bank being bound 
by law to purchave at the rate of £3, 175 9d an ounce 
any gold bullion of the legal standard which the public 
may bring for sale Private mdividuals aie permitted to 
bring bullion to the mint, and to receive bach the full 
amount (at £3, 175 104d an ounce) converted into com, 
free of any chaige for loss or manufacture but, as they are 
subject to considerable delay, all “importations’ of bullion 
being converted into coi in the order in which they arc 
brought to the mint, the public practically picfer to sell 
their bullion to the bank, and receive its value without 
delay In order to be accepted by the bank, the bullion 
must be cast into ingots and assayed, a guarautee being 
given by certain recognized assayers that the gold 1s of a 
certain standard fineness This is known as the “trade 
assay” When the bank 1.quires gold to be struck, due 
notice 1s sent to the deputy master, and on a fixed day 
the bullion 1s conveyed to the mint and delivered into his 
custody It arrives in the form of ingots, each weighinr 


485 


about 200 ounces, the aggregate value of each importa- 
tion being about £144,000 When the ingots arrive at 
the mint a small sample 1s taken from each and assayed,! 
the result. bemg sent to the authorities of the bank 1 
order that it may be compared with that of the trade 
assay Ifthe bank authonties find that the two assays 
agree, within certain limits, as to weight and fineness, the 
ingots are immediately sent to the operative department of 
the mint to be converted intocom The mmt assay affords 
the basis for calculating the amount cf copper, the alloying 
metal, that must be melted with the gold in order to produce 
the standard prescribed by law The case of silver 1s 
somewhat different, the bullion being purchased by the 
department at 1ts market value, which varies from year to 
year During the ten years ending 1881 the average price 
of silver bullion sank gradually from 60,,d to 51}8d 
The silver bullion arrives at the mint in the form of ingots, 
each of which weighs about 1000 ounces, the value of each 
set of ingots varyimg considerably The ingots, both of 
gold and silver, are weighed on a balance capable of turn 
ing with 1 grain when loaded with 1200 ounces 
The operations of coming haye undergone some slight 
changes with the introduction of new machinery and the 
increased extent ot the Royal Mint, since the reconstruc 
tion of the operative department in 1881? The plan 
(fig 1) shows the present arrangement of the operative 
department 
The operations employed in the manufacture of gold and 
silver coi aie as follows (incidental operations being 
printed in smaller type) — 
I Assaying the bullion 
II Melting the metal 
(a) Addition of the amount of copper necessary to form 
the presciibel alloy 5); oming the metal into moulds 
so as to form birs (r) dressing these bars to remove 
rough edges and hollow ends (@) recovery of precious 
metals from ciuctbles and ‘ sweep 
III Avsajing portions of metal cut from certain bars, 
to ascertam whether sufficient accuracy has been attamed 
in the standard fineness 
IV Rolling the bars into strips o1 “ fillets.” 
Annealing the fillets im some casts) 
V Adjusting the fillets by a final rolling, and in some 
cases by the use of the drawbench 
Testing the fillets to ascertain whether they are of suffi 
cient accuracy as regaids thickness 
VI Cutting out disks or blanks from the fillets 
Adjusting the blanks in weight (in some mints) 
VII Edge rolling the blanks to produce a raised rm, 
Annealing the vlanks and (in some cases) “‘ blanchmg” 
o1 ‘ pickling” them in dilute acid 
VI Coining, or stamping the device on the blanks, by 
means of engraved steel dies 
Milling the edges of the blank» or (1m some cases) um 
pressing a devue inset \} tion ol ornament upon them 
IX. Weighing each com, usually by the aid of automatic 
machinery 
\ Assaying and weighing pieces taken from the 
finished coin before it 15 issued to the public 
The foregoing list will make it clear that the operations 
of minting consist, not simply in the mechanical production 
of accurately adjusted disks of metal the purity alone of 


1 The issays are conducted in the manner already described in the 
articles ASSAYING and GOLD 
In order to provide 1 stoch of silver coin dumng the temporary 
suspension of the wo1k of the mint, a large comage of silver was issued, 
and 50 tons of bronze coins were manufactured by contract m the 
autumn of 1881 The governor of the Bink of England had previously 
rep rid that the stock of gold coin held by the bank was abnormally 
lar_e, and that no inconvenience would arse ‘ if the mint were to cease 
coining sovereigns and half sovereigns for a period of six months or 
vear or even more 
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which has to be guaranteed, but in the formation of an 
alloy composed of precious and base metals in definite pro 
portions The accuracy of the “standard fineness of the 
alloy after melting must be absolutely ascertamed , the 
alloy must be protected during manufacture against a 
change of standard, and finally its correctness must be 
verified after 1t has been converted into coin 

The precious metals are weighed on entering the mint, 
as well as during various stages in the manufacture of 
com The finished coins are also weighed in bulk before 
they are issued to the public 

The operations incidental to the comage of bronze and 
silver differ from those described 1n relation to gold in some 
unimportant details only and the weight and composition 
of the bronze coins are not so carefully guarded as 1s the 
case with gold and silver 
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Fie 1 —Royal Mint, Tower Hill Lon lon 


and before the metal 1s poured into moulds 1¢ 13 starred with an 
iron rod having a flattenedend The surface of the molten metal 1s 
covered witha layer of charcoal to ;revent oxidation of the copper 
The crucille «1th 1ts contents 1s then removed fiom the furnace 
by the aid ofa crane and tongs W and 1sylaced in a cradle M 
shich can be tilted by means of a handle D By the interven 
tion of toothed whezls F F G H anil kh acting on atrack the | 
handle turns the ciucille on the fulcrum formed by a syindle 
so that the contei ts of the cucible may be youred into the moulds 
N mounted on a carmase OP runnig on rails Q Q The moulds 
now 1n use in London are of such dimcnsions as to cnable tars to 
be cast 12 inches long and 3irch thick The width of the bars 
varies, according to the com to be y1oduced from 1} to 28 inches 
When the metal has solidified mm the moulds it 1s removed and 
the bars are trimmed by the aid of a revolvin, circular file thar 
ends bemg cut off and retuined tc the meltin, pot I ortions of 
metal are then cut from certain of the bars and s nt to the assay 
d ent The bars are weighed before they ;as3 to the subse 
quent operations of counage im order that the amount of metal 1¢ 
tained by the crucibles c carried into the flues may be ascertamed 
Gold bullion w melted m a similar way, but the crucibles are 
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Subjomed are the details of the operations involved in 
the conversion of bullion into com at the British mint 


After being assayed and weighed in the manner already described 
the bullion is taken to the melting house where the dotauls of treat 
ment for silver and gold respectively differ somewhat (The sub 
sequent operations are nearly identical for both metals) The 
silver melting house (see fig 1) contains eight furnaces of the 
kind shown at A fig 2 the part of the furnace containing the 
crucibles being below the lids B B  Crucuables of cast iron were 
formerly employed but these were replaced in 1853 by wrought 
iron pots which have since 1870 been 1n turn abandoned in favour 
of crucibles made of a mratute of clay and graphite each crucible 
being capable of contaming about 3000 oz Such ciucibles are 
very genetally adopted throughout the Indian and Continental 
mints but the form and dimensions given to them vary The 
fuel employed in England 1s coke about 75 % of which are re 
quired to melt 3000 oz of standard silver Sufficient draught 18 
afforded by the flue C and by a chimney about 35 feet high which 
communicates withit The silver and copper are melted together , 
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smaller and contain only 1200 0z Their contents are poured by 
hand imto moulds one end of the tonzs by which the crucible 1s 
zrasped being supported by a chain and suspended from the roof * 
In many Continental mints 1t 1s very generally the practice to 
leave the crucible containing the precious metals in the furnace, 
and to pour the contents into the moulds by the aid of small ladles 
of wrought iron lined with clay 

It has becn pointed out m GoLp (vol x p 751) that mmute 
quantities of certain metals render standard gold extremely brittle 
and unfit for comage If either the gold bullion or the copper 
used as an alloying metal should be impure brittle bars will be 
the result Should this prove to be the case the bars are ree 


} A new form of furnace devised by M A Piat of Pars has recently 
In these furnaces the portion which contains the 
erucible may be detached from the flue so as to admt of the molten 
metal being poured into 1 oulds without ren «ving the crucible from 
the mmcandescent fuel Four of such furnaces have been fitted up in 
the gold melting house but have not as yet been used for gold melt- 
ing in the melting of silver and bronze, however, they are known to 
effect considerable economy im labour, fuel, and crucibles. 
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meited and chlorine ee 1s passed through the molten mass m the { m the melting house are brought, and are rolled into sa the 
manner described in GotD, vol x p 750 ’ thickness of which depends on the kind of coins to be produced. 

The engine room (shown in fig 1) contains three 60 horse Gold 1s rolled in one room and silveror bronze in the other The 
power vertical condensing engines, which are provided with Corhs details of mampulation involved mm the conversion of gold, silver, 
valves, and are specially devised for meeting the constantly vary or bronze bars into coin, however, do not differ materially, and the 
ing strain to which they are subjected by the machinery, the coinage of sovereigns will therefore be taken as typical 
whole of which they are capable of driving The central engine Toom contains 81x pairs of rolls, the diameter of the rolls 
acts directly on either or both of the rolling rooms placed on each varying from 10 to 14 inches Smaller diameters are employed in 
aide of theengine house There 1s, however, an additional 20 horse most European mints but on the other hand the use of very narrow 


power compound beam engine usually employed, in connexion with rolls of far larger diameter has often been suggested and there 
the pumps of a deep artesian well 


appears to be good ground for the belief that the rigidity of such 
Into one or other of these rooms the bars which have been cast rolls would enable strips or fillets of more uniform thickness to be 
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roduced than is the case at present The iron frame CC (fig 3\1s and, as it rises with the screws, 1t can thus be readily adjusted in a 
ly bolted to the stone D, which rests on a solid foundation KE lune exactly parallel with the lower roll, at a sufficient distance 
This frame supports the two rolls A, B, the lower of which B | from 1t to admit the bar which 1s to be reduced to a strip or fillet 
revolves, but 1» not, hke the upper, capable of adjustment im a ver , The rolls are turned by the shaft NN, the main whee M, and 
_ the gearing h, L 0, P The sockets» by which the upper roll 1s 
connected with the gearing by the shatt I are not d, asis 
the case with the shaft Q of the lower roll but admit of the adjust 
ment of the roll The portion of the roll used 1s determined by a 
de a httle wider than the bar! The rolls throughout this 
epartment are driven at the rate of about 32 revolutions in a 
minute The iron frame CC 1s braced by rods a, s, and blochs 
| bearing the driving shafts are shown at kk p, p 
The initial thickness of a sovereign baris 3ths ofaninch The ban 
are weighed out to the workmen mm batches of about sixty bars 
an entue batch spe passed through the rolls under precisely the 
same conditions of adjustment The bars are only aigitly reduced 
in width by esl passages through the rolls, but are successively 
reduced im thickness in the first stazes of the rolling by y4,th of an 








tial plane ‘Lhe upper roll 1» centredin bearings, and may be raised first room In some of the six pairs the bottom rolls revolve and drive the upper 
or lowered by seats of screws connected with toothed wheels F, ones In the pair of “breaking down rolls m this room —that is, the roll by 


which the fillets are first treated,—the upper roll 1s stationary the lower roi] 
which are turned by 8 handle G, both wheels being moved simulta alone revolving The bite ie giian to the fillet when its end is 


ki 3S RH 1 In the second rolling room shown in the plan on the mpht of the engine 
‘ - house. the frames and gearing of the rolls are of newer pattern than those in the 


Th 
neously by worms on the rodH The bearings of the upper roll are introduced, by un oe 


upper roll by meana «f a ratchet wheel and 
connected by vertical rods with weights below the level of the floor, ~ 
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inch, while in the later s the reduction 1n th.ckness at each 

thiough the rolls 1s Jess than z45th of an inch, and finally 
one or two “‘spring pinches are given to the bars by simply pass- 
ing them through the rolls without altering the adjustment The 
testing of the fillets to ascertain whether they are of the accurate 
thickness, 18 effected 
by the aid of the gauge 
pate (fig 4), which |wo go te, uo, mo se, a 
consists of two steel — 
bars set at 1 low angle 
in relation to each 
other and praduated 
to ropath of an inch 
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Ti wall be evident that the weight of the finished com depends upon 
the thickness of the fillets and to show how accurately the rolling 
must be performed it may be pointed out that, in the case of the 
half sovereign a variition of sy¢yyth of an wch above or below the 
accurate thickness (or a range of rg}yyth of an inch) throws the 


com out of 1emedy 
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The repeated ae pei the rolls 1s attended by a consider. 
able increase of hardness in the metal, and 1t 1s therefore in some 
cases necessary to anneal the fillets repeatedly during the ve. 
In the case of fillets for sovereigns the annealing may be entirely 
dispensed with if the initial thickness of the bars does not exceed 
#ths of aninch Fillets for half sovereigns have only to be annealed 
onc? In some European mints the fillets are annealed frequently , 
1n one mint the operation 1 | earilane after each passage through 
the rolls The furnace used for the Se 1s generally so arranged 
as to permit the flame to play over the hllets, which are sometimes 
freely ex to its action, but are more often enclosed in cases or 
tubes Muffle furnaces are fiequentl} used The furnace used in 
the Royal Mint 1s a simple form of reveibetatory furnace ‘Lhe 
final rolling 1s given by a pair of finishing rolls capable of more 
accurate adjustment than the “breaking down rolls 

The fillets of gold or silver are 1n some cases, though not always, 
submitted to an appliance known as the diag bench, shown in 
figs 5,6,7 Its object 1s to equalize the thickness of the fillets by 
drawing them between steel evlinders The ends of the fillets are 
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Fics 5, 6, 7 —Drag Bench 


first flattened n a little apphance, which need not be descnbed 
The essential feature of the 
machine now used in the 
mint consists of two small 
steel cylinders A, A, which 
do not revolve and ate 
held in position in the 
lates D, 5 by clamp pieces 

, F screwed against them 
The portions of metal may 
be adjusted by the aid of 
a wheel and screw H (figs 
6, 7), and by small ad 
Justing screws f, f The 
of the machine con 
taining the steel cylinders 
13 fixed at the end of a 
long bench, and gearing at 
the other end of this bench 
drives an endless chain BB 
(fig 6), one link or other of F 
which catches the carriage 
shown in plan in fig » and 
drags 1t along as soon as 
its end f is depressed by 
thehandler The carnage 
runs on the wheels d @ 
The drawing of the fillet 
C 18 conducted as follows 
Its flattened end 1s intro 
duced between the stecl 
cylinders, and 1s grasped 





fillet 1s released, the puis 2 2 and the weight / loosen the jaws and 
at the same time raise the end of the carnage so as to airest its 
further progress along the bench The carnage 1s then moved 
fornard by the handle s until the jaws enter the hollowed portion 
N and grasp arother fillet 
Former!y—when fillets were rolled from thich bars—thi» appliance 
played a more important pait in coining operations than at present 
t 1s now only used for fillets from which soveicigns and half 
sovereigns are to be produced Before fillets are passed on to the next 
operation—that of cutting from them the dishs or blanks destined 
to form the com—they are carefully tested by a shilful workman 


called the ‘‘t1yer,’ who cuts one o: two blanks from the sides of Trying, 


each fillet by the aid of a cutter worked by hand These blanks 

are weighed on a delicate balance against a standard weight, and 
the experience of the operator enables him to determine whether the 
i variation from the exact weight will justify his sending the fillets for 
| ward to the cutting room In any caseh divides the fillets into 

two or more classes for a reason that will be exy lained yresently 


The cutters employed in the mint until quite recently were of Cutting 
a eT construction, but these have bern replaced by a simple blanks, 


machine (fig 8) which, by the revolution of an excentric A, causes 
two short steel cylinders, mounted on a block of non B suitably 
guided, to hel ae a gi fixed in a plate on the bed of the 
mache en the fille a 

interposed between the short cylin QC C) O OO 
ders and the holes, the forme force oN 2 aa ea 
disks of metal through the holes, Fir 9 
the fillet being advanced at each 8 

stroke of the machine by small gripping rolls C, C’, ( actuated by a 
ratchet-wheel E, driven from the shaft which bears the excentric A 
The disks pass down the tube G to a receptacle placed on the floor 
In the case of very large silver coins, only one disk 13 cut m the 


width of the fillet, and in some few mints disks for gold coin are 
also cut in this way, but 1 1s fai more usual to cut two disks m 
the width of the fillet, the position of the cutters being so arran, 

as to remove blanks m the manner shown in fig 9 In cutting 
disks for bronze coin extreme precision 18 not neccssary, and it has 
Series been found possible to obtain five at each stroke of the 
machine, 


by the jaws a The jaus 
turn on the pin ¢, and while 
the fillet 1s being dragged 
through the cylinders the 
axle of the wheels d,d tends 
to merease the grip of th 





Fic 8 —Cutting Machine 
jaws by acting on their inclined ends Durectly the strain on the 
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It will be evident that the rough classification of the fillets 
according to their thickness, to which reference has already been 
made, renders it easy to compensate for slight imegulatities in thick 
ness caused by rolling, by employing cutters of a slightly larger 
diameter than the standard size for #llets which ae too thin 


The fillets after tho removal of the disks present the perforated | 


apeeerence shown in fig 9 The residual metal, called “ scissel,’ 
which amounts to from 25 to 30 pei cent of the metal operated upon, 
1s returned to the melting house in bundles wuhing 180 oz It 
may be mentioned here that all attempts to cut disks o1 blanks for 
comnage from the ends of rods or cylindeis, and thus to avoid the 
production of scisel, have hitherto failed 

The next operation to which the blanks are submitted vanes in 
different mints In some, cach blank 1s weizhed by hand o1 by 
automatic machineiy, and each blank that 1s too heavy 1s adjusted 
either to an exact weight 01 to within the remedy prescribed by 
law On the Continent it 1s very gcnerally the practice to adjust 
blanks by the aid of a file, 01 by a machine that removes 4 tine 
shaving of metal fiom the surface of the blank In mints where 
mechanical adjustment 1s gent Se there 1s a tendency to produce 
**too heavy blanks im the rolling and cutting departments, as1t1s 
umpossible to adjust blanks which are too light ' 


—_— 
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In the London mint finished coin alone is weighed, so that the 
blanks after leaving the cutting room pass directly to an edge rolling 
machine, which thichens the edge of each blank so as to forma nm 
intended to protect the umpression on the finished com ‘Lhe 
operation of edge rolling 15 called ‘‘marking, and the method of 
conducting it varies considerably in different mints 

In the Royal Mint the Tlanks are made to pass in quick succes- 
sion, at the rate of six hundred a minute, between a circular groove 
in the fare of a revolving steel dish and a groove mn a fixed block 
placed paiallel to the tace of the revolving disk The groove in 
the block exactly corresponds to that on the disk, and, as the 
distance between the block and the disk 1s slightly less than 
the diameter of the blank submitted to the operation, the result 1s 
that before the blank «scapes fiom the machine its edge has been 
thickened The operation may be varied by admitting the blanks 
b.tween a groove m the puphcry of a revolviny wheel and a groove 
in a segmented bloch, placed at a distance from the wheel rather 
less than the diameter of the blank The wheel and block may be 
eithe: vertical or hou1zontal 

In some cases the edges of the blanks at the same time that they 
re thichened, reccive the impression of a legend, o1 scription, or 
an ornamental device When this 1s the case the blank 19 rolled 





Fig 10 


between two plans onc of which 1s fixed and bears the device, 
while the other has a 1euprocating motion imparted to it, or the 
edge of the blank receives the impression which may be cithe raised 





1 A description of a machine uscd for th aijustment f blanks will be found 
in Dengier s Polytechatsches Journal (1852 ecxly C1 41 6) and some veals ago 
Mr J M Naper devised for the Indian mints a beautiful machine which first 
asceitains how much {t is necessaiy to cut from eich blank in order to reduce it 
to the standard weight, and then removes th neces ary amount of metu and 
nomore [he initial cost of such machinery however ts consilerablc In 1s4) 
M Dieieck directcrof the mint m Paris cndeavoured to substitute a chemi ul 
for a nechanical treatment by submitting the heavy gold tlanks tc aqua regia 
which it was anticipated would timg them within the pres ube t limits of 
accuracy The results were no satisfactory and the attempt was abindoned 
in 1870 the present chemist of the mint Piofessor W Chandler R berts showed 
that gold alloyed with ccppu might t¢1 moved from heasy blanks with singular 
1eguiarity by means cf a suitable solvent aided by a battery The blunks are 
arranged In a fiame of wood and submitted to the action of a solution of ¢yantic 
of potassium the hcavy blanks forming the dissolving pole of tle tattery = Ih 
process wis not used in the London mint as it became cv dent that it could not 
profitably 1¢place the present system unda which fi 
welghcd and the manufactme of goo! com only } 
introduced into the Bombay mint in 1570 by the 
extendcd its uscfulncss by transfe11mg the metal diss lved from the heavy 
blanks to blanks which are too hight the latter bems by this in ans 2 used fo the 
preacribkd weight The process has now fairlv taken its place ¢s an ordinay 
operation of ccining and its iinportanes to the mints where it w used may by 
gathored fiom the fact that in the Indian mints no leas than 1300 tony of «alser 
were converted Into coin in one year (187)) so that the saving effected by its 
introduction must be conside: abit 


| 
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Fig 11, 


o1 sunk, fiom a collai surrounding the blank in the 
will be afterwards explamed 

Before passing to the coming pross the blanks either of gold or 
silver aie annealed = In many mints the ol ject of the hea 18 
not only to soften the blanks betore thev 1¢ ceive the impression, but 
also to produce a film of oxide of copper on their surface This 1s 
attaincd in various ways In England gold blanks ate placed in 
cylindixal cruciblis of plumbago and covered with a athe of char 
coal heated in a reverberatory furnace, and when the blanks reach 
chei1y redness they aie cooled by plunging them in water The 
thin film of oxide of copper tt us formed on the surface of the gold 
or silver blanks 1s radili soluble in dilute sulphuin acid, and the 
removal ot 1 small portion of the alloying metal m thw way con 
stitutes “‘blanching o1 ‘pickling the con The method of 
conducting the opcration vaies somewhat in different mints, 
minly, however mn the strength of the acid used which vanes from 
3° to 5° of the hydiometer of Baume The solution 15 sometimis 
heatcd to 96° to 98° ¢ , while in other cases the blinks are intio 
duced into the solution while at a1ed heat ‘Lhe litter method 15, 
howcve, objectionzble as a dense layer of pure metal 1s found at the 
suifice of the blank which 1s apt to protect the undtilying oxide of 
copper from the action of the ad Lhe blanks are afterwards 
washed 1n pure water and dned either in sawdust or in copper 
vessels heated by cteam jackets. The object of the process 1s to 
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improve the appearance of the finished com by removing all traces 
of mpunty from the surfacc of the blank _It has, however, been 
abandoncd in the Biitish mint except mm the case of some of the 
smaller silver coins, mainly because the soft superficial layer of 
metal wears away with unduc tapidity Ceitain precautions 
suggested in 1869 by Mr Hill the superintendent of the operative 
department for avoiding oxidation or tarnishing of the metal 
during comage rendered the abolition of the process possible 
The blanks receive the impression which constitutes them coins 
from engraved dics ach 1s placed in the lower of two dies and 
the upper die 1s brought forcibly down upon it The lateral escape 
of the metal 1s preventc 1 by a collar which surrounds the blank 
while it 18 bemg stiuch This collat may be either plain or 
nzraved, and if the latter 1s the case any device or ornament 1t 
nay bear will be imparted to the e1g« of the blank 
The comming presses uscd 1 various mints may be divided into 
hiee types —(1) the screw press worked by cage leys pressure 
2) the excentric press, and (3) the lever press ‘The first of these 
see Ency Brit, 8thed vol vu p 92) has now been abandoned 
In the excentric press the power 1s applied to a shaft beamng an 
*xcentric which acts by means of a connecting rod upon a verti 
val slide holding the die which 1s brought down on the blank This 
form of press 1s used 1n the mint at Constantinople where the atmo 
spheric screw press 18 also still retained Of the third type the 
lever press there are two modifications, devised respectively by 
Thonneliur and by Uhlhorn The details of the Uhlhorn press have 
been improved by Messis R Heaton & Sons of Bunungham and, 
their supe1lorty to the old vacuum screw press having been demon 
strated by careful experiments they have been finally adopted m 
the newly arranged mmt which contains fourteen of them This 
ness 18 showr 1 figs 10 and 11 It 1s diiven from below the 
ee of the press1oom by bands which pass over fast and loose 
pulleys on the same shaft that bears the fly wheel The loose 
pulley however 1s only used when it 1s necessary to stop the 
machine entuely, as the fly wheel 1» permitted to revolve without 
impaiting motion to the shaft so long asa lever M worked from 
the front of the machine does not cause the fly wheel to be con 
nected with the driving wheel by means of two pins The dies are 
laced in the front part of the machine (fig 10) The lower one 1s 
firmly fixed to the bed while the upper 1» held at A by the upper of 
two jaws hand A ot levets, the fulcra of which are so close together 
as almost to coincide, the Gower yaw A bearing the collar which 
encircles the biank while 1t 1s bemg converted into a coin the 
upper jaw F A governed by the weighted lever H shown below the 
bed of the machine has a tendency to nse a sufficient distance 
to admit the blank between the upper and Jower die A crank B 
on the shaft bearing the fis w hee! is connected by a rod C with 
the bent Jever D and this bent lever actin 


rouge the toggle 
joint and a picce of metal E connected with the jaw t 


at bears the 





Fi, 12 
upper dic forces it down and thus s nea the blank Ictween the | the indicating finger 1 will cause the 10d UU to stuke the centre 


upper aud lower di Acam on the anh shift acting on the 
lower of the two levers (: she wn below the ted of tl e machine causes 
the lower jaw A bearn, the collar which surrounded the blank 
to he depressed suffi rently to leave the f mshed com freely restins 
on the lowcrdie from wlcn ¢ 1t 19 Jhiven down the shoot N by the 
next blank in succession C ins are y1o]u ci at rates varving from 
60 to 120 2 minute 90 a unnute gring tlhe best results* The 
blanks to be converted into gus are y lace! ou the shde J and the 
advance of each blank am succ ssion 1s regulate] by the 10d called 
the “laycron 4K thelachwarlai 1 fcrwarl movement of whichis 
also regulated by an excentiic on the ciank shaft Ih letanls of 
this part of the machine ate shown in plan fig 12 

The last operation bcfore the finished coin 1s returned to the mint 
offce fur issue to the puvlu is the weighing each gold or silver piece 
separately Thisis efferted in the Amctican aud im most Continental! 
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mints by hand, but in England automatic balances of beautiful 
construction are employed They were onginally devised for 
separating worn pieces from those of current weight, but they are now 
employed to distinguish between ‘‘light,’ “heavy,’ and “good” 
pieces, the latter alone bemg permitted to into circulation In 
the newly arranged department thirty such machines are provided 

kach 1s driven from overhead shafting by means of gut lesa The 
driving pulleys derive therr motion from a small atmosphene 
engine, which 1s found to give more satisfactory results than would 
be the case if the steam engine were employed directly Each 
balance 1s worked by a cone pulley A (hg 18) by a gut hne 
passing round it from the loose pulleys B, the necessary ten 

sion being imparted to the line by means of a spmnng C The 
tension of the line 1s, however, but slight, for if the action of 
the balance 1g arrested by accident the cord slides over the cone 
pulley A without turning it It will be obvious that the use of 
the cone pulley enables the machine to be diiven with varyimg 
degrees of sp The toothed wheel D 1s mounted on the spindle 
which bears the driving pulley A but it acts only thiongh the 
intervention of a friction check which 1s so hightly screwed against 
the driving wheel that 1t would cease to act if the machine should 
be accidentally deranged Ihe whecl D sets in motion the wheels 
Ek,E ThecamF acting on thecurved extremity of the 1ocking 
frame G, causes the slide H to bring forward one ot a senies of coins 
(arranged in the hopper I) until it rests on the plate J of the balance 
beam, of which beam a portion 1s shown 1n an enlargid drawing 
abovethe balance whulethe plate that receives the coin 15 also shown 
in a separate diawing to the lett of the machine Another cam K 
then comes into play, and enables the foiceps, shown at L, to release 
the 10d M to which the balance plate J 15 attached The forceps L 
serves to heep the rod steady while the com 1s being placed on the 
plate J A1od shown at N 1s then raised by thecam O the lower 
extremity of the rod being hept steady by a pin sliding in a hole m 
the bottom plate of the balance and its upper end by a pin which 
works into the cential support of the balance beam At the base 
of this rod N and at right angles to it there 1s a metallic bar QQ, 
the ends of which pass throush stirrups im the pendants M and P 
fiom the opposite ends of the beam The clev ation of this horizon 

tal rod by the cam Q simultaneously releases both ends of the beam, 
and the com placed on the beam plate has then for the first time, 
a direct influence on the beam If the coin 1s ‘ too hght the 
counterpoise R in the cage at the end of the 10d P will raise the 
coin, and the revolution of the machine then causes part of the cam 
k to pernut a spring to close the forceps L and to hold the pendant 
M firm An mdicating finger T then falls and by means of a 
horizontal lever UU which fits into one of three imveited steps on 
the bottom of the shoot V, determines oycr which of three orifices 
W,W W in the bottom plate of the balance this shoot shall stand 

In the meantime the advame of the shde H brings the next prcce 
forward, and displaces the com which has hitheto aunque the 
beam plateJ forcing the coin down the shoot Vand thence through 
the orifice W into 4 receptacle external to the balance, destincd for 
the reccption of light com If this next piece should be ‘ too 
heavy it will not only raise the counterpoise K but will also elcvate 
a little wie S, hich woul! otherwise remain undisturbed on a 
support This little wire represents the working remedy _ for 
the particular denomination of com im question, which for safety, 
15 less by y{yth of a grain than theicmedy permitted by law The 
unduc weight of the heavycoin will depress the nght cnd of the 
lalance beam and its pen lant M to the lowest possible poimt, and 
the indicating finger I will im this case detcrmine that the rod 
UU shall occupy the lowest st¢p of the shoot } which will conse 
juently stan 1 over the onfice Wim the bottom } lat: of the balance 
Which communicates with the receptacle tor the Jay coins, 
ind the heavy coin on the beam plate will be driven down the 
shoot by the next coi in succession = If the com which 35 next 
brought forward by the slle H should be 1 gool onc thut 15, 
if itis within the working remely 1ts action will be 15 follows 

It may be slightly heavier than the counterpotse but not suffiuently 
heavy to lift both the counterpoise ani the remedy wire The 
balance beam consequenth remains apy rovmatel, horizontal and 


ster of the shoot ¥ which will then stan | over the ccntral ormfice W 
in the be! plate which conmunnates with ar cptacle for good 
coins, into which the coin will find its way 4s socn as itis driven 
from the beam j late by the next com of the sermes It will be 
evident that this excellent apy hance both wezhs and Casafics the 
eons About itn three coins arc  ass¢ 1 through it in a minute 

In ordei to show the importince of cxtreme accuiacy in woghing, 
it may be pointed out that, althcugh by the (omaise Act of 1870 the 
‘ remedy or allowed variation ab ve or blow the standard wught 
of 2 sovereim is only jth of a gram yetin a milhou sterling of 
sovercigns the difference between the | ast and the greatest weight 
the law allows would be no less than £3244 


The manufacture of coin 1s not the only work which 18 
performed in the Royal Mint All medals weaued to the 
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army and navy, as well as those given by the Royal 
Society and the university of London and some others, 
are struck m the mint, and their preparation forms a 
considerable part of the work of the die department 
Since 1874 the clasps and bars for the medals have also 
been manufactured in the mint, whence they have been 
issued completely mounted Another operation not con 
nected with the coimage, which 1s performed in the mnt 
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1s the assay of the “diet ’ or metal scraped from the gold 
and silver plate manufactured at Shefheld and Birmingham 
under the direction of the warden of the standard of 
wrought plate for those towns By Act of Parliament it 
is directed that this shall be brought once in each year to 
the mint to be assayed by the “kings assay master,” 
under the supervision of an officer appointed by the lords 
of the Tieasury 





fig 138 — \utomitic Balance 


The gold com in circulation m Great Britain 1s esti 
mated at £100,000,000 


It may be well to add the two long and two short stamens 


pinkish colour , 1t has four nearly equal lobes, and encloses 
Great difficulty 18 


following table, which gives the value of the gold and | eaperenced by botanists m discrimmating the spegies of 


silver comages of four of the most important foreign 
counties, in two recent ves — 


Unite L States £12 461 655 £o 481,941 £19 870 1748 £  oS7 840 
Germ iy 1 332 4380 ; 

Austria 493605 1 674712 

France 








ry 








£14 297 690 £7 176 693 £20 26 LO0 £7 bd 484 


The value of the gold comage of the American mints 
during the fiscal year endmg June 1dd2 amounted to 
$89,413 f47 30, being greater than thot of any previous 
year im their history (WG R—R AH) 

MINT, botani uly Afentha, a genus of libiate plants 
comprising about twunty species of puenmal herbs widely 
distributed throughout the temperate ind sub tropical 
portions of the globe All the species arc furnshed with 
square stems, opposite, aromatic leaves, and creepiny roots 
The flowers aio arranged in axillary cymes which atha 
form scparite whorls or are crow dcd together into a terminal 
sptke The corolla 1s usually small and of a pale purple or 


thi» genus by reason of the occurrence of a laige number 
of intermediate forms, neaily three hundred of which have 
been named and described any of these vareties are 
permanent in consequence of bem propagated by stolons 
In Britain nine of the recoznized species are indigen 
ous Venthi wreid:, L, or Spearmint, grows mm marshy 
meadows, and 1s the species commonly used for culinary 
purposes it 1s distinzuished by 1ts smooth sessile leaves 
and lax tapering flower spthes  Ventha sylvestris, L, or 
Horsemint, chiefly differs fiom the above 1m its coarser 
habit and hairy leaves which are silky beneath, and in its 
denser flower spikes This plant is supposed to be the mint 
of Suupture, as 1t1s extensively cultivated m the East, and 
is much used in cookery it was one of the bitter herbs 
with which the paschal lamb was eaten Vf rotundifolia 
resembles the last in size and habit, but 1s readily distin 
sushed by it» rounded wrinkled leaves which are shagsy 
beneath and by its lanceolate bracty The last two species 
usually giow on damp wiste ground near 1oadsides ‘Vf 
tutte t, or Capitate Vint, grows m ditches and by the 
side of streams, and 3s easily recozmnized by its rounded 
flower spike» and stalked hany Iewes WU Piperita, or 
Peppermint has stalked smooth lave. and an oblong 
obtuse terminal spike of flowers, 1t 1s eatensively culti 
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vated for its volatile ol 1 7 ttensis belongs to a group 
of mints which, unlike the foregomg, have the flowers 
airanged in axillary whorls and never m terminal spikes, 
it otherwise bears some resemblance in foliage and habit 
to Vo anzds VW setta1, the Whorled Hairy Mint, grows 
by damp roaasides, and Af arensis in cornfidds they 
ae distinwished from Jf pratenss by their hairy stalked 
leaves which in WV azvensie are all equally laige, but in 
A, sitwa are much smaller towards the apex of the stem 
Wo Pulenum, commonly known as Pennyroyal more rarely 
ay 1 lea mint, has small oval obtuse leaves and flowers in 
axillary whoils, and 1s remarkable for its creeping habit 
and pecubar odour It differs from all the mmts above 
described in the throat of the caly bung closed with hans 
1t1s met with in damp places on grassy commons, and forms 
a well known domestic remedy for female disorders 

All the plants of the genus Ventha abound mm a volatile 
oil, which 1s contained in small receptacles having the 
appearance of resinous dots in the leaves and stems The 
odour of the oul 1s similar m several species, but 1s not dis 
tinctive, the same odour occurring in varietics of distinct 
species, while plants which cannot be distinguished by any 
botanical characte: possess the same odour ‘Thus the 
peppermint flavour 15 found in Af Pipernta, in Wo 1am ma, 
and in Chinese and Japanese varieties of Wo arrenszs Other 
forms of the last named species growin, in Ceylon and Java 
have the flavour of the common garden mint, VU wrvdis, 
and the same odour 1s found to a greater or less degree 
m Af sylvestris, Uo rotundifolia, and W canadensw A 
bergamot scent 15 met within a vanety of Wf aquatica and 
in forms of other species Lost of the mints may be found 
in blossom m August 

The name mint 1s also apphed to plants of other genera, 
Monarda punctata being called Horsemint, Py-nanthemum 
lantfolvum, Mountain Mint and Nepeta Catarv1, Catmint 

MINTO, Smr Girpert Extiot, First Eart or (1751- 
1814), was descended from an old boider family, the 
Elhots of Minto, and was born at Edinburgh, April 23, 
1751 His father, Sir Gilbert Elliot, was a member of the 
administration of Pitt and Grenville, and 1s spoken of by 
Horace Walpole as “one of the ablest men in the House of 
Commons ’ ‘Young Elliot was educated by a private tutor, 
with whom at the age of twelve he went to Paris, where 
David Hume, who was then secretary of the embassy, 
undertook, from friendship to his father, the special charge 
of superintending his studies After spending the winters 
of 1766 and 1767 at kKdinburgh University, Elhot entered 
Oxford On quitting the univervity he became a member 
of Lincoln s Inn, and was in 1774 called to the bar He 
entered parhament in 1776, the year of his fathers death 
Although he gave a general support to Lord North» 
administration, he from the begining occupied an inde 
pendent position, and in 1782 supported the address of the 
Commons against an offensive war with Ameuca From 
this time he became a declared follower of Fox and 
Burke, with the latter of whom he gradually came to be 
on terms of great imtimacy He was created Baron Minto 
in 1797, and after fillmg several diplomatic posts with great 
success became in 1807 governor general of India The 
character and cvents of his rule m India arc descmbed 
m vol x1 p 60) He was crcatcd Farl of Minto and 
Viscount Melgund in 1813 H_ rctmued to England in 
1814, and died on June 21st of that year 

See Lae and Letters of S$ Gull rt Tila! first Earl f Minto 
from 1751 01806 1874 anl/ fe JL tter 1807 14 1880 See 
also MIRABLAU 

MINUCIUS FELIA, Marcus, one of the carhest, it not 
the earlzest, of the Latin apologists for Christianity Of 
his personal history nothing 1s known, and even the date 
at which le wrote can te only approxmately ascertamed 
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Jerome (De Ver JU, 58) speaks of him as “Rome 
msignis causidicus,” but m this he is probably only 
improving on the expression of Lactantius (Just Dw,v 1) 
who speaks of him as “non ignobilis inter causidicos loc” 
He 1s now exclusively known by his Octavwus, a dialogue 
on Christianity between the pagan Cecihus Natals! and 
tne Christian Octavius Januanius, a provincial solicitor, 
the triend and fellow student of the author The scene 1s 
pleasantly and graphically laid on the beach at Ostia on a 
holiday afternoon, and the discussion 1s represented as 
arising out of the homage paid by Czecilius, in passing, to 
the image of Serapis His arguments for paganism, which 
proceed partly upon agnostic grounds, partly upon the 
meapediency of disturbing long cstablished 1eligious beliefs, 
partly upon the known want of culture m Christians, the 
alleged mdecency of ther worship, and the imberent 
absuidity of their doctrmes, are taken up seiiatim by 
Octavius, with the result that the assailant 1s convinced, 
postponing, however, the discussion of some things neces 
sary for pertcct instruction to a future occasion The form 
of the dialozue, modelled on the De Matura Deorum and 
De Divinatione of Cicero, shows much care and ability, and 
its style is on the whole both vigorous and elegant if at 
times not exempt fiom something of the affectations of the 
age If the doctrines of the Divine unity, the resurrection, 
and future rewards and pumshment» be left out of account, 
the work has less the characte: of an exposition of 
Christianity than of a philosophical and ethical polemic 
against the absurdities of crass polytheism Christology 
and the other metaphysics of distinctively Christian 
theology aie entirely passed over, and the canonical 
Scriptures are not quoted, hardly even alluded to 
The Octar us is admittc lly earlier: than Cypnans De Idolorum 
Vamtate wiich boirows fiom it, how much earlier can be deter 
mined onl, by settlin,z the 1elation mn which it stands to Lertulhan » 
Apologeticum ‘lhe argument for the muomty of Minucius has 
bien most exhaustively sct forth by Ebert (‘‘Tettullians \ erhalt 
niss zu Minucius Felix im vol + of the philologico historical 
series in Abhandl d K nig Sachs Gesellsch der Wissenschaften 
1868) who has been followe 1 by Teuficl (Aom Zit, sec 368), hein 
(Celsus Wahres Wort, 1873) Kuhn and othe scholars The 
pine view 1s gbly mamtained by Protessor Salmon ( Minucius 
Kehx in Smith's Dict Christ Brogr 1882) The Octarius was 
first printed (Rome, 1543) as the eighth book of Arnobius ddi 
Gentes Balduinus (Heidelberg 1560) first assigned 1t to 1ts proper 
autho: There have been numeious subsequent editions, the best 
being that of Halm inthe Corp Scriptor Ercl Lat {Vienna 1867) 
Sec huhns monograph, Der Octavius des Minucius Felix (1882) 
MINUET (Fr Menuet, from [pas] menus), a very grace- 

ful kind of dance, consisting of a coupee, a high step, and 
a balance Its invention 1s universally ascribed to the 
wnhabitants of Poitou The melody begins with the down 
beat, and contains three crotchets ina bar The music 1s 
made up of two strains, which, from beimg repeated, are 
called reprises, each consisting of cight or more bars, but 
very rarely of an odd number Walther speaks of a minuet 
in Lullys opera of Roland, each strain of which contains 
ten bars, the sectional number being five,—a circumstance 
which renders 1t very difficult to be danced, but Lully’s 
system of phrasing was remarkably irregular Modern 
mstrumental composers have introduced mto their sym 
phonies and quartetts, dc, mimucts of rapid movement 
and fanciful character, followed by supplementary strams 
(called trios) in a different style Some of these composi 
tions bear but very slight resemblance to the older forms, 
and many of them bezin with the third beat in the bar 
The finest minuets we possess are those 1n Handel’s Samson 
and Mozart’s Don Grovanm 

| MIRABEAU, Honort Gappisz, Riqueri, Comte pk, 

(1749-1791), one of the greatest statesmen and orators 


4 This name occurs in stx inscriptions of the years 211~217 found at 
Constantine (Cirta), North Africa (C J Z, vol vin) 
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France has ever produced, was born at Bignon, near 
Nemours, on March 9, 1749 M de Loméme has shown 
that the family of Riquet or Riqueti came originally from the 
little town of Digne, that they won wealth and municipal 
honours as merchants at Marseilles, and that m 1570 Jean 
Riqueti bought the chateau and estate of Mnabeau, which 
had up to that tame belonged to the sreat Provencal family 
of Barras, and took the title of esquire a few years later 
In 1685 Honoré Riqueti obtained the title of Varquis de 
Mirabeau, and his son Jean Antome brought honour to it 
He served with distiction through all the later campaiins 
of the reign of Louis AIV, and especially distin, wshed 
himself in 1705 at the battle of Cassano, wheic he was so 
severely wounded in the neck that he had evcr atter to wir 
a silver stock , yet he never 10se above the rank of colonel, 
owing to his eccentric habit of speaking unpleasant truths 
to his superiors =n 1etirmg from the service he married 
Fiangoise de Castellane, a remarkable woman, who kng 
survived him, and he left at his death, m 1737, three sons 
—Victor Marquis de Mirabeau (see next articl.) Jean 
Antome Baillide Virabeau and Comte Lows Alexandre de 
Mirabeau The great Muabeau was the clde: surviving 
son of the maiquis When but three years old he had 
a virulent attack of confluent small pox which left bis 
face for ever disfigured and contributcd not a hittle to 
nourish his fathcrs dishke to him His carly education 
was conducted by Lachabeaussicre, fathcr of the Letter 
known man of letters after which, benz Lke his father 
and grandfather destined for the army then the only 
profession open to young men of family, he was entered 
at a pension militane at Pais, ke; t by an Abbe Choquart 
Of this school, which had Laziange for ity professor of 
mathematics, we have an amusing account m the lite of 
Gilbert Lihot, first earl of Minto, who with his brotha 
Hugh, afterwards British minister at Balin there mide 
the acquaintance of Vhirabeau an acynantance which 
soon ripened into friendship, and to which Virabeiu m 
later lite owed his introduction into good Lnglish society 
On leaving this school in 1767 he received a commission 
in the cavalry regiment ot the Marquis de Lambeit which 
his grandfather had commanded years bcfgie He at once 
begin love making, and in spite of his uzliness succeeded 
in winning the heart of the lady to whom his colonel was 
attached, which lcd to such seandal that his father obtaimed 
a lettie de cachet and the youn, apez1ice Ww Imprisoned 
m the isle of Rhe ‘Lhe love affans of Viribeau form 
quite a history by themselves, and a well known history, 
owing to the celebrity of the ILtturs to Sophie, and the 
behaviour of the marquis im perpetually imprisoning his 
son 15 equally well known, ond as widely blamed = Let 1 
may be asserted that until the more dwable and more 
reputable connexion with Madame de Nehra these love 
episodes weic the most disgraceful blemishes in a life 
otherwise of a tir higher moral character than has been 
commonly supposcd As to the marquis, his use of lettres 
de cachet 1s perfectly defensible on the theo) of the exust 
ence of lettres de cachet rt all They were meant to be 
used (see LetirFs De Cacai1) by heads of famulics for 
the correction of thur families and Muabeau, if any son, 
surtly deserved such conection Further, they did have 
the effect of sobering the culprit, and the mote creditable 
part of his hfe did not begin till he lett Vincennes 
Mirabeau, it may be remarked at once, was not a states 
man of the Alcibiades type, and he did not develop his 
great qualities of mind and characte: until his youthful 
excesses were over These will be passed over as rapidly 
as possible, for 1t was not till 1781 that the qualities which 
made him great began to appear 

On being released from his first imprisonment, the young 
count, who had always intended to continue his miktary 
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career, obtained leave to accompany as a volunteer the 
French expedition which was to effect the reduction of 
Corsa The conquest was one of sheer numerical 
strength, for the whole population was on the side of 
Paoh, and Mirabeau, perceiving the value of public opinion, 
is sald to have written a treatise on the oppression the 
Genoese had formerly exercised over the island, which the 
Government was ready to } ublish had not the Marquis de 
Mirabean thought fit to destroy 1t because of 1ts divergence 
fiom his own philosophical and economical views For his 
services in Corsica Mirabcau was made a captain of 
dra,oons though not m any particular regiment, and on his 
retuin his father endeavoured to make use of the hterary 
ability he had shown for the advancement of his own 
economical theories He tried to keep on good terms with 
his father, thou,h he could not advocate all his ideas, and 
even went so far m 1772 a» to marry a rich heiress, a 
dauzhter of the Marquis de Mariznanc, whose alhance his 
fathcr had procmed for him He did not live happily 
with hei, and in 1774 was ordered into semi exile in the 
country at his fathers 1equest where he wrote his earliest 
extant work the Ls su le Despotasme Has violent dis 
position now led him to quariel with a countiy gentleman 
who had insulted his sister and his semi eule was changed 
by Icttre de cachet to mprisonment in the Chateau d If 
In 177) he was removed to the castle of Jou, to which, 
however he was not very closely confined, having full 
leave to visit in the town of Pontarler Here he met 
Marie Therese de Monmier his So} hie as he called her, a 
mariied woman for whom he coaceived a violent passion 
Of his Lehaviour nothin, too stron, can be said he was 
mtroduced into the house as a fiend and betrayed his 
trust by inducing Madame de Vonnier to fall in love with 
him and all his excuses about overwhelming passion only 
make hisconduct mere despicable The affar ended by his 
escaj in, tu Switzerlan! where Sophie jomed him they 
then went to Hollind where he lived by hack work fo. the 
booksellt1: meanwhile Vinabeau had been condem: ed to 
death at Pontarlie: for 7 qpt et vol of which he was certainly 
not juuty as Sophie had followed him of her own accord, 
and in May 1777 he was seized by the French police, and 
inj risoued by a lettre de cachet 1n the castle of Vincennes 
There he iemained three yeais and a half, and with his 
release ends the first and most dis.aceful period of his hfe 
During his imprisonment he seems to have learnt to control 
his passions trom their very eahaustion, for the early part 
of his confinement 15 marked by the mdecent letters to 
Sophie (first published in 1793) and the obscene Ey oteea 
Biblion and Vu € meron while to the later months 
belongs his first poltical work ot any value, the Lettres 
de Cachet The Ev ar sw ke Despotisme was an ordinary 
but at times eloquent declamation showing 1m 1s illustra 
tions a wide miscellaneous knowledge of history, but the 
Lettres de Cachet exhibits a more accurate hnowledge of 
krench constitutional history skiltully applied to an 
attempt to show that an existing actual grievance was not 
only plulosophically unjust but constitutionally legal It 
shows, though still in rather a diffuse and declamatory 
form, that application of wide historical hnowledge, keen 
philosophical perception, and genuine eloquence to a 
practical pmpose which wi the great characteristic of 
Mnabeau both as 4 political thmker and as a statesman 
With his release from Vincennes begins the second pertod 
of Mirabeaus hfe He found that his Sophie was an ideal 
ized version of a rather common and ill-educated woman, 
and she speedily consoled herself with the affection of a 
young ofhcer, afte. whove death she committed swade. 
Mirabeau first set to work to zet the sentence ot death ofall 
hanging over him reversed and by his cloquence not only 
succeeded but got M de Monmier condemned in the costs of 
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the whole law proceedings From Pontarler he went to 
Aix, wherc he claimed the court’s order that his wife should 
return to him Shc naturally objected, but his eloquence 
would have won his case, even against Portalis, the leader 
of the Ais bar, had he not im his cxeitement accused his 
wife of fidelity, on which the cowt pronounced a decree 
of separation He then with his usual impetuosity inter 
vencd in the swt pending between his father and mother 
before the pailement of Pats, and so violently attacked 
the 1uling powers that hc had to leave France and again go 
to Holland, and try to live by lituray work About this 
time bugan his «vnnexion with Madame de Nehra, which 
sweetened the cisuing ycats of toil and biought out the 
better points of lis character She was the daughter of 
Zwier van Harcn, a Dutch stitesman and politieal wiite, 
and was a woman of a far higher type than Sophit, more 
educated, more 1efined, and more capable of appicciating 
Mirabewus good points aud helpmg him to control his 
passions With he: the hon became a lamb, and his hfe 
was stienzthcned by the love ot his petite horde, Madame 
de Nelna her baby son, afterwards Lucas de Montigny, 
and his little dog Chico Afte: 1 period of work in 
Holland he }etookh Limself to England, where his ticatise on 
Lettres de Chet had been much admned, and where he 
was soon admitted into the best Whiz literary and political 
soulety of London, though his old schoolfellow Gilbert Elbot, 
who had now iheited his fathers baronetcy and estates, 
ynd become a lading Wing member ot parhament Sn 
Gilbert intioduced him freely, but of all his English friends 
none secm to have been so intimate with him as Lord Lins 
downe, and Mr (atterwards Sir Samuel) Ronully The 
latter became particularly attached to him, and 1eally 
undeistoud his character and it 1s strange that his remarks 
upon Miurabeau in the fiagment of autobiozaphy which 
he left, and Vhrabeaus Ictters to him, should have been 
neglected by Liench writuys Romilly was intioduced to 
Mirabeau by D [ycinois, and readily undertook to translate 
the Conderatims on the Orda of Cinuinnatus Romilly 
writes thus of him in lis autobiography — 

‘ The count was diffi ult cnough to please he was sufficiently 
impiesst with the beauties of the ortzinal He went over every 
part of the tran lation with me obseryed on every j assate in Which 
he was not done tthe thou,ht 1 the force of the capression 
ost anil male many us ful iitiisms Duns this occupation 
we had occanvn ts sce on another ften andl be ame vuy int 
mate anl whehilmalmu h halvcua seat deal cf the worl], 
Was ac juamte L with all the most distinguishe | persons who a* that 
time adornel ¢ ier theacval co utct th rcp uli of letters m 
France had a cat hnowle 1, of Lien hana Itinan lit ratue inl 
possess very szood tat Jus coms isition Wa extr nels inter st 
ing and not 3 little mstiuctive Thal such fi yuent 4) ortumitics 
of seeing him at thiy tam) anlaftearwarl ita amtch iw ic miyport 
ant period of his life that I think Jus chit ta wis well known 
tome I doubt whether it has been 59 well Lucwn t the w ill 
and [ain convinced that meat justi ¢ bast cu lon him = This 
indeel 1s not suprising when one cusilis that trom the fist 
monitnt ¢f hus enter, upeu the ar 1¢f an author, }¢ hal been 
altogetha: indifferent how uum ious o1 how powerful night be the 
enemits he should provoke His vy umity was certamly excessive 
but T have no doubt that an das pull onluct asv dl asm lus 
writings h wasd snous of d inj.» 1 that his amlition was of 
the noblest hind an] that he prop > 1 t humself th uoblest ends 
He was hewever ihe many of is untivn no whe were active 
vthe calanitous } vclutim whi h aftaasul took pla ¢ wot suf 
ciently scruyulou a) ut them an Vy whi h those mds wie to be 
accomphishel Heine (to sm 1.2 yi fesse d this unl more 
than one IT have bead hm sav that the wore 6 casions upon 
Which ‘la yctit morale eturcmmeme t la pranle tas not sm 
prising that with such maimsa ines im la om uth unguarded 
in his expressions, ad] cud of hist puteticn Li sh uld have 
afforded room for the cuculiti u of wainy store ot Las disadvan 
tage Violent, impetuous, ens i t th supeuonty of has 
talents, aud the declared cnems anid noun er of every species of 
tyranny and oppression, he coul1 not ful te shock the proudics, 
to oppose tke interests to eacitc the jctlousy and to wound th 
pride of imany descripticus of pasons A mole of 1¢futinz his 
weeks, uptn to the basest and vilest of mankind, was to 1epicsent 
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ice set on 
no malice 
- . e _ .. — extraordi 

nary , and what more eatraordinary than a person so admirable for 
his talents and so contemptible for his conduct, professing im his 
writings ptinciples so excellent and 1n all the offices of public and 
private lie putting im practice those which aie $0 detestable? I 
indeed possessed demonstrative evidence of the falsehood of some of 
the anecdotes which by men of high character were 1elated to ns 
pigudice —Jife of Sir S Romilly, vol 1 p 58 


This luminous judgment, the best that 1» extant on the 
characte: of Mirabeau, deserved to be quoted at length ; j 
must be noted that 1t was wiitten by a man of acknow 
ledged purity of hfe, who admired Mirabeau im early life 
not when he was a statesman, but when he was only a 
struggling literay man This close association with 
Romilly, and his tuends Baynes, Trail, and Wilson, does 
ciedit to Mirabeau, and must have helped that moral 
revolution against his passions which was passing within 
him He was a warm friend, and fist made Romilly 
acquainted with Lord Lansdowne, and tied to get him a 
seat mm parliament Lord Lansdowne was himself an 
citraoidinaiy man, and the tust of the new Whigs mght 
well feel sympathy with the statesman of the French 
Revolution The Considerations sur V'ordre de Cincinnatus 
which Romilly translated was the only mpoitant work 
Mirabeau wrote in the year 1755, and it is a good speci 
men of his method He had 1ead a pamphlet published m 
\merica attacking the proposed oider, which was to form 
a bond ot association between the ofhcers who had fought 
m the Ameican War of Independence agamst England , 
the aiguments struck him as true and valuable, so he 
rearranged them in his own fashion, and rewrote them in 
his own o1atoncal style He soon found such work not 
sufhciently 1emunu ative to heep his “petite horde” im 
comfort, and then turned his thoughts to employment trom 
the Tiench forersm ofhce either n writing o1 1n diplomacy 
Hc first sent Madame de Nehra to Paris to make his peace 
with the authorities, in which she was completely successful, 
and then returned himself, hopmg to get employment 
though an old literary collaborateur of his, Durival, who 
was at this time directo of the finances of the depaitment 
of foreign affairs One of the functions of this ofhcial was 
to subvidize political pamphleteers, and Muabeau had 
hoped to be so employed, but he ruined his chances by a 
series of financial works On his ieturn to Pars he had 
become acquainted with Claviues, a Genevese exile, who 
was minister of finance during the Revolution, and who 
now introduced him to a banker namcd Panchaud From 
them he heard plenty of abuse of stock jobbing, and seizing 
thur ideas he began to regard stock jobbing, or agiotage, as 
the source of all evil, and to attach in his usual vehement 
style the Banque de St Charles and the Compagme des 
Eaux This was at least disinterested on his part, for, 
while his supporters were poor, the bankcrs he attacked 
were rich, and would gladly have bought his silence, but 
Mirabeau, though evcr ready to take money for what he 
wrote, ucver sold his opimions, or wrote what he did not 
roally beheve The very cloquence of Ins style rests upon 
the enthusiastic conviction that he himself was mght, and 
those who differed from him were stupidly and wilfully 
wrong This last pamphlet brought him into a contro 
versy with Beaumaichais, who ccrtumly did not get the 
best of it, but it lost him any chance of literary employ- 
ment from Government However, his ability was too 
great to be neglected by a great mumister such as M de 
Vergennes undoubtedly was, and aftcr a picliminary tour 
in the early spring of 1786 he was despatched in June 
1756 on a sccret mission to the court of Prussia, from 
which he returned in January 1757, and of which he gave 
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The months he spent at Berlin were important ones mm the 
history of Prussia, forin them Fredenck the Great died 
The letters yust mentioned show clearly what Mirabeau did 
and what he saw, and equally clearly how unfit he was to 
be a diplomatist , for, with all his knowledge of men and 
his influence over them, he thought (and showed he 
thought) too much of himself ever to be able to surprise 
their secret thoughts and intentions He certainly failed 
to conciliate the new king Fredenck Wilham and thus 
ended Muabeaus one attempt at diplomacy During his 
journey he had made the acquaintance of a Major Mauvullon, 
whom he found possessed of a great number of facts and 
statistics with regard to Prussia these he made use of in 
a great work on Prussia published in 1785, as Romilly 
says, to show that he could wiite more than a fugitive 
pamphlet But, thoush his Vonarchie Prussenne zave 
him a general reputation for historical learnmg he hid n 
this same year lost a chance of } olitical cmployment He 
had offered himself as a candidate for the office of secretary 
to the Avsembly of Notables which the kinz had just con 
vened, and to bring his name before the public published 
another financial work the Denoncratim de 1 {grotage, 
dedicated to the hing and notables whuh abounded m 
such violent diatiibes that he not only lost his election but 
was obliged to retire to longres and he further injured his 
prospects by publishing the reports he had sent in durin, 
his secret mission at Berhn But 1789 was at hand the 
states general was summoned Wirabeaus period of j10 
bation wa» over and he was at last to have that oppor 
tunity of showing his great qualities both as statesman 
and orator on a woithy arena 

On hearing of the kmgs determmatxn to summon 
the states general Mirabeau started fcr Provence, and 
offuicd to assist at the prelimimary conference of the 
noblesse of his district They rejected nm he appealed 
to the teers efat, and wi retuned both for 4m and for 
Marseilles He clected to sit for the former city and was 
present at the opening of the states general on May 4 
1759 From this time the record of Miribeaus life forms 
the best history of the first two years of the Constitucnt 
Assembly for at every important crisis fis voice 1s to be 
head, though his advice wis not always followed It 1s 
mmpossible hue to detail minutely the history of these two 
eventful years it will be rather advasible to try and 
analyse the manne: in which Vuabeww resarded passin, 
events, and thon show how his policy justifies our analysis 

Mnabcau possessed at the same time great lovical 
qcutcness and most passionate enthusiasm = he was there 
fore both a statesman and in oitor and the mmteiest of 
the last two years of his life hes mamly in the .:adual Lut 
dceided victory ot the statesmanlike and practical over the 
unpulsive and oratorical quahtns  Licm the beginning 
Mirabcau iccoznized that zovernment exusts in order that 
the bulk of the population miy pusue then duly work in 
peace and quict, and that for «Government to te suecessful 
it must be stronz In this mactical view of the necd of a 
strong cxccutive lies one of Mirabeau s .1tateot tiths to the 
name of statesman At the same time he thorouchly com 
prehcnded that for a Government to Le stronz it must be 
m harmony with the wishes ot th map mity of the ycople 
and that the political system of Lous \LV was now fall 
my for lichof this He had euctully studied the Fnahsh 
constitution m Lngland under the smdance ot such men 
as Lord Linsdowne, Sn Gilbert Flhot and Remilly ind 
appicuated it with the wise approval of its powers of ox 
pansion which chaiactenzed the new Whiz, and not with 
the blind admuration of Burke He understood the kev 
notes of the practical success of the Fnghsh constitution 
to be the nresponubihty of the king the solidarity of the 
ministers, and the selection of the executive from among 
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the majority of the representatives of the country, and he 
hoped to establish in France a system simular in principle, 
but without any slavish imitation of the details of the 
Enghsh constitution 

In the first stage of the history of the states genera] 
Mirabeaus part was very great He was soon recognized 
as a leader, to the chagrin of Mounier, because he always 
knew his own mind, and was prompt at emergencie. To 
him 1s to be attmbuted the successful consolidation of the 
National Assembly, 1ts continuance in spite of De Brezé and 
the carpenters, and the address to the king for the with 
drawal of the troops assembled by De Broghe When the 
taking of the Bastille had assured the success of the 
Revolution, he was the one man who warned the Assembly 
of the futility of passing fine sounding decrees and the 
necessity for acting He declared that the famous night 
of August 4 was but an orgy, giving the people an 
immense theoretical liberty while not assisting them to 
practical freedom, and overthrowing the old regime before 
a new one could be constituted Still more did he show 
his foresight when he attacked the dilatory behavioui of 
the Assembly, which led to the catastrophes of the 5th and 
6th October He implored the Assembly to strike while 
the non was hot and at once solve in a practical manner 
the difficult problems presented by the abolition of 
feudalism But the Assembly consisted of men mexper 
enced in practical politics, who dreamed of drawing up an 
ideal constitution jreluded by 1 declaration of nghts in 
unitation of the Ameiicans and for two months the 
Assembly discussed in what words the declaration should 
be expressed while the country was in a state of anarchy, 
declaring old laws and customs abolished and having no 
new ones to obey or follow, disowniny the old adminis 
tiative system and having no new one yet instituted, while 
Paris was starving and turbulent and the queen and her 
friends planning a counter revolution The result of these 
two months theoruing was the march of the women to 
Versailles, and the transfer of the king to Pairs = “irabeau 
now saw clearly that his eloquence would not enable him 
to guide the \ sembly by himself, and that he must there 
fore try to get some support He wished to establish a 
strong ministiy, which should be responsible like an 
English ministry but to an assembly chosen to represent 
the people of Liance bette: than the Enzhsh House of 
(Commons then represented kngland He first thought of 
becominy a minister at a very early date, 1f we may believe 
a story contamed in the Wem wes of the Duchesse 
d \biantes to the effect that in May 1759 the queen tried 
to bmbe him but that he refused to be bribed to silence, 
and expressed lus wish to Le a minister = The 1ndi,nation 
with which the queen 1eyelled the idex may have been 
the cvuse of his thinkin, of the Duc d Orleans asa possible 
constitutional hinz because his title would of necessity be 
pathamentary but the werkness ot Orleans was too 
pilpable, and ma fin ous iemairh Mirabeau eapresved his 
utter contempt to. him He also attempted to form an 
uliince with Lafayette, but the general was as vain and 
w obstinate as Mu ilew himself, and had his own theories 
about a new French constitution Wirvbew tried for a 
time, too, to act with Necker, and obtained the sanction of 
the \ssembly to Necker» financial scheme, not because it 
was zood but because, as he sud, “no other plan 915 
before them, and something must be done 

Hitherto weight has been laid on the practical side of 
Muabcau’s political genius h-+ idea with rezard to the 
Revolution after the oth and 6th October must now be 
examined, and this can be donc at lenzth thinks to the 
publication of Mirvbeau » correspondence with Ta March, a 
study of which 15 indispensibi for any conrect knowledge 
of the historv of the Revolution between 1759 and 1791 
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The Comte de la Marck was a Flemish lord of the house of 
Aremberg, who had been proprietary colonel of a regiment 
in the service of France, he was a close friend of the 
queen, and had been clected a member of the states 
geneial His acquuntance with Virabeau, commenced in 
1785 1ipencd durins the following year into a friendship, 
which La Maick hoped to turn to the advantage of the 
ourt After the events of the 3th and 6th of October he 
onsulted Virabeiu as to what measures the king ought to 
ake and Muabeau, delighted at the opportunity, dicw up 
wi admuable state papa, which was mesented to the hing 
by Monsicur, afterwards Lows XVIII The whole of this 
Memove should be 1e1d to get an adequate idea of Mira 
beaus genius for politics here 1t must be merely sum 
marized. 

The maim position 1s that the hing 1s not freeim Pans he must 
therctore ave Paris anl appeal to Fiance Panis nen veut que 
aizent 1s province s lemindent ks lois But where must the 
king g>? = Se retiner v Metz ou sur t ute autic frontice serut 
decane la guerie ala nation ctal li yuer le trone Un101 qui est Ja 
seule sruvesirie de son peuple ne fut point devant son peuple 
il le prend pour yuie Ie sa con lute ct de ses prinerpes He must 
then go towads the interior of Kiance tc a provinerl capital best 
of all to Rouen ani there he must 1} } a1 to the fe ople and summon 
1 ncat convention It would be 1uim to appeal to the noblesse 15 
the queen advised = un _ corps de nobksw nest pomt une amec 
jk pusse coml ittre When this gieat convention met the 
hing must shew himself ready to 1e o,nize that great changes have 
tik npla ¢ that feu lalism and absolutism have fo1 ever disappear | 
inl that 4 new 1clation betwecn hing ani people has nisen which 
must be loyally obs 1ved on both sides tor the futme ‘ Il est 

tun, d ulleurs quail faut une grande 1¢volution pour sauver le 
rvaume que la nation a dus droits juelle est en chemin de les 
ecouvier tous ct quil taut non seulement ls retablir mais les con 
solider To establish this new constitutional a between 
ling and peopl woull not be difficult be ause ‘ lindivisibilite du 
monaique et du peuple est dans le cxm Ie tous Its Francais 11 
faut qu elle cxiste dans | action et le pouvon 

Such was Wirabevus programme, which he never 

diverged from, but which was far too statesmanlike to be 
understood by the poor hing, and far too positive as to the 
altered condition of the monarchy to be palatable to the 
queen Muabeau followed up hi dfemowre by a scheme 
of a great ministry to contain all men of mark,—Nccher 
as prime minister, “to render him as powerless as he 1s 
meapable, and jet preserve his popularity for the king, 
the archbishop of Bordcaus the Duc de Liancourt, the Duc 
de la Rochefoucauld, La March, Talleyrand bishop of 
Autun at the finances Mirabeau without portfolio, Target 
mayor of Pais, Lafayette generalissimo to reform the 
army, Segui (foreign affairs) Mounier, and Chapelier This 
scheme got noied abroad, and was rumed by a deciec of 
the Assembly of November 7 1789, that no member of the 
Assembly could become a mmuster this decrec destroyed 
anv chance of that necessary harmony betwecn the ministry 
and the myority of the representatives of the nation exist 
ing in England, and s0 ut once overthrew Mirabeau » present 
hopes and any chance of the permanence of the constitution 
then being devised The queen utterly refused to take 
Mirabeaus counsel, and La Marck left Pars Howevei, 
in April 1790 he was suddenly recalled by the Comte de 
Mercy Argenteau the \ustrian ambassador at Paris, and 
the queens most trusted political adviser, and from this 
time to Mirabeaus death he became the med ur of almost 
daily communications Letween the latter and the queen 
Mirabeau at first attempted azain to makean alhance with 
Lafayette by a letter in winch he says, ‘ Les Barnave, les 
Duport, les Lameth ne vous fatiguent plas de leur active 
inaction, on singe longtemps\l adresse, non pas la force ” 
But it was useless to appeal t Lafayette he was not a 
strong man himself, and did nok appreciate “la force’ in 
1790 to his death in 
April 1791 Mirabeau remained in Xlose and suspected but 
not actually proved connexion with\the court, and drew 
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up many adnurable state papers for it In return the court 
paid his debts, but it ought never to be said that he was 
bribed, for the gold of the court never made him swerve 
from his political principles—never, for stance, made him 
a royalist He regarded himself as 4 minister, though an 
unavowed one, and believed himself worthy of his hire 
Undoubtedly his character would have been more admirable 
if he had acted without court assistance, but 1t must be 
remembered that his services deserved some reward, and 
that by remaining at Paris as a politician he had been 
unable to realize his paternal inheritance Before his m 
fluence on foreign policy 1s discussed, his behaviour on 
several important pomts must be noticed On the great 
question of the veto he took a practical view, and seeing 
that the royal power was already sufficiently weakened, 
declaied for the hing’s absolute veto, and agaimst the 
compiomise of the suspensive veto He knew from his 
[nglish experiences that such a veto would be hardly ever 
used unless the hing felt the people were on lus side, n 
which case 1t would be a useful check on the representatives 
of the people, and also that if 1t was used unjustufiably 
the power of the purse possessed by the representatives 
and the very constitutional organuation of the people 
would, as in England in 1688, bing about a bloodless 
1evolution, and a change in the person entrusted with the 
royal dignity He »saw also that much of the mefhciency 
of the Assembly arose from the inexperience ot the members, 
and their incurable verbosity , so, to establish some system 
of rules, he got lis fmend Romilly to draw up a detailed 
account of the rules and customs of the Fnglsh House of 
Commons, which he tianslated into Tench, but which the 
Assembly, puffed up by a behef in its own meuits, refused 
touse On the great subject of peace and war he supported 
the kings authority, and with some success What was 
the good of an executive which had no power? Let it be 
responsible to the representatives of the nation by all 
means , but if the representatives absorbed all executive 
power by perpetual interference, there would be 51. hundred 
kings of Fiance instead of one, which would hardly be a 
change for the better Azim Mirabeau almost alone of the 
Assembly underjtood the position of the amy under a 
limited monarchy Contrary to the theorists, he held that 
the soldier ceased to be a citizen when he became a soldier , 
he must submit to be deprived of his liberty to think and 
act, and must recosnive that a soldicrs first duty 1s 
obedience With such sentiments, it 1s no wonder that 
he approved of Bouille s vigorous conduct at Nancy, which 
was the more to his credit as Bouille was the one hope of 
the court influences opposed tohim Lastly, in matters of 
finance he showed his wisdom he attacked Necker’s 
“caisse descompte,” which was to have the whole control 
of the taxes, as absorbing the Assembly’s power of the 
purse , and he heartily approved of the system of assignats, 
but with the important reservation that they should not 
be issued to tue extent of more than one half the value of 
the lands to be sold This restiiction was not observed, 
and it was solely the enormous over issue of assignats that 
caused their great depreciation in value 

Of Mirabeau’s attitude with regard to foreign affairs 1t 
1s necessary to speak in more detail He held 1t to be just 
that the French people should conduct their Revolution as 
they would, and that no foreign nation had any nght to 
interfere with them 80 long as they kupt thumselves strictly 
to their own affairs But he knew also that neighbouring 
nations looked with unquiet eyes on the progress of affairs 
in France, that they fearcd the influence of the Revolution 
on their own peoples, and that foreign monarchs were 
being prayed by the French emigrés to interfere on behalf 
of the French monarchy To prevent this interference, or 
rather to give no pretext for 1t, was his guiding thought as 
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to foreign policy. He had been elected a member of the 
comité diplomatique of the Assembly in July 1790, and 
became its reporter at once, and in this capacity he was 
able to prevent the Assembly from domg much harm in 
regard to foreign affairs He had long known Montmonm, 
the foreign secretary, and, as matters becamc more stiained 
from the complications with the princes and counts of the 
empire, he entered into daily communiation with the 
minister, advised him on every point, and, while dictating 
his policy, defended 1t m the Assembly — Thus im this paiti 
cular instance of the foreign ofhcc, for the few months 
before Mirabeau’s death, a harmony was established 
between the minister and the Assembly through Virabcau, 
which checked foi a time the threatened approach of forazn 
intervention, and maintained the honour of France abroid 
Mirabeau’s exertions in this respect are not his smallest 
title to the name of statcsman, and how great a work he 
did 1» best proved by the confusion which cnsucd in this 
department of affairs upon his death 

For indeed in the beginning of 179) his death was vury 
near, and he knew it to be so The wild excesses of bis 
youth and their teirtble punishment had weakcned his 
strong constitution, and his parliamentary labours com 
pleted the work So suely did he feel its approach that 
some time before the end he sent all his papers over to his 
old English fmend and schoolfellow Sir Gilbert Llhot who 
kept them undcr ‘cal until claimed by Muabeau’s executors 
In March his illness was evidently gaimmg on him, to his 
great grief, because he knew how much depended on his 
hfe, and felt that he alone could yct save Fiance from the 
distiust of he: monarch and the present reforms, and 
from the foreign interference, which would assuredly bring 
about catastrophes unparalleled im the history of the world 
On his hfe hung the future couse of the Revolution 
Every care that science could affoid was given by his 
friend and physician, the famous chemist Cibims to whose 
brochure on his last illness and death the 1cade1 may refer 
The people, whose faith in him revived in spite of all 
suspicions, when they heard that he was on Ins death bed, 
kept the stieet m which he lay quet but medical cate, 
the loving solicitude of friends, and the reppect of all the 
people could not save his hfe His vanity appeais in its 
most yigantic proportions m his last utterances during his 
ulness but many ot them have something zrind in their 
sound, as his last reported expression, when he looked upon 
the sun—‘“ If he 1s not God he 1 at least His cousin 
german” When he could speak no morc he wrete with 
a feeble hand the onc word = doimn,’ and on April 2, 
1791, he died 

With Muabeau dicd it has been suid the last hope of the mon 
archy, but, with Mane Antoinctte supeme at court canit be said that 
there could ever have becn anv 1¢al hope tor the monuchy ? Had she 
been but Iess ke her amperious mothar Lows would have made v 
constitutional mon uch, it her will was as strong 15 Mnaboans 
own, and the Bourbon monarchy had to met its fite — Lhe subse 
quent events of the Revolution justifud Mirabeau s prognostic ations 
in his first memoin of Octoba 15 1789 The 10441 family fled 
towards the German fiontier and trom that moment there sunk decp 
into the herts of the peopl not only of Pans but of the provinces 
a conviction that the ine and queen wee traitors to France which 
led inevitably to tha execution The nobles ind the foreign ud 
on which the queen relud proved but a source of werkness The 
nobles, Muabeau had said, w28 no amy which could fight and 
truly the army of the enngres could do nothing againsticvolution uy 
Franc marms The intervention of foragn ud only sealed the 
king s fate, and forwarded the promess of the Revolution not im a 
course of natural devclopment, but to the terrible resource of the 
Reign of Terror Wath 1¢gaid to the Assembly too and its consti 
tution, Muabeau had shown his foreught © The constitution of 
1791, excellent as it was on papi, and well adapted to an whl 
state, did not deal adequately with the gicat problems of the tim 
m Franc, and by its pilicalous weakening of the executive ws 


unswited toa modern state Surely if events cver proved a man $ 
litical sagacity, the Iustory of the French Revolution proved 
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A few words must be added on Mirabeau’s manner of work and 
his charactor 

ho man ever so thoroughly used other men’s work, and yet 
made it all seem ns own = “‘ Je prends mon bien ov je le trouve’ 
is as tiue of him as of Molee His first literary work, except 
the bombastic but cloyucnt Essar sur le Despotisme, was a tiansla- 
tion of Watsons Philip IJ, accomplished in Holland with the 
help of Dunival , his € 9ns2 tesations sur Lc doe de Coneinnatus was 
lased on an Amenican pamphict and the notes to 1t wae con 
tributed by Tarjet while Ins financial writinss were all suggested 
by the Gcneveseexile Mavi rs) During the evolution he 1ecer ed 
yct more help men were proud to labom for lnm, and did not 
muimm because he absorbed all the credit and tame Dumont, 
Clay ies Durovenay, Pellene, Lamowette and Reybaz were but a 
{ w of the most distinzwshed of lus clab ratory = Dumont was a 
Gcnevesc cxale and anold fiicn] of haumilly » who willingly y1¢} ared 
for him those famous allicsses which Muahein usel to make the 
As embly piss by sud len bursts of eloquent declamition Clavieres 
and Duroversy helpe 1 him im finance, and not only worked out his 
fizmes but even wiote his financial discourses = Pellence was his 
sc r tary, md wiote the speeches on the goods of the clergy and the 
ught of making you. and cyen the Abbe Lamouettc wrote the 
s}¢ ches on the vil constitution of the clerzy Rey baz, whose per 
smaht has only been revcaled within these last ten yeais, not only 
wrote for him his famous speches on the assignats ihe organization 
of the national guar 1 && which Muabean 1ead word for word at the 
tiubune bit even the posthumous speech on sucecssion to «states 
of intestates which Lallevrand read in the Assembly as the last 
woth of his dead find Set neither the gold of the cowt nor 
another mins conviction would make Murabeau say what he dil not 
himsclf believc, or do what he did not himself think night He 
took other mens libour is his duc ind unyressed then words, of 
Which he hil suggest d the uni rlying 1 leas with the stamp of 
his own mdividuality his ollaboritois themselves did not com 
lain —they were but tco glad to be of help im the gicat work of 
cotrolling and forwaruing the Trench Revolution through its 
guate t thimke: and otator Yiue 15 that 1emath of Goethe s 
to kchermann after realing Dumonts Ssuenirs “At last the 
won lerful Muab au becomes natural to us, while at the same time 
the hero Joses nothing cf his greatness Some French journalists 
think dificrently Lhe French look upon Muabeau as their 
Haicules and they are putectl, nght But they forget that even 
the Crlossus consists of individual puts and that the Hercules of 
antijuity 1s 1 collective bung—a sigantic personification of deeds 
done by Jumselt anl by others 

There wis somethin, zi zeantic about all Mnaleaus thoughts and 
dceds The exc sses of his youth wer Tevcni all bounds, and 
av idly woe they punished lis vanity was immense but never 
spoilt his julzment Ins talents wae enormous but could vet 
mike use ct th seot others 4s 2 statesman his wisdom 1s indubit 
able but ly no means unrversally iecommzcd im his own country 
L vas of th ancien repume vbuse its niost formidable and logical 
opponcut leheversim the Constituent Assembly cannot be expected 
t cae for the mostiedoutl table a lversary of thei fay ourite theorists, 
while aimnets of the rey ubh of every desciption agree m calling 
him fiom his connewen with the comt the tito. Mnabeau 
(s an orttor more Justice his been done him his eloquence his 
been lihencd to that of both Bossuet and Vergniaud but it had 
neithe: the polish of the ol 17th century bishop nor the flashes of 
genius of the young Guondm = It was 1athcr parlamentary o1itorv 
mn which he excelled and his truce compecrs ate rather Buihe and 
Tox than any Ficnch speakers Personally he had that which 
1s the trurst math ofnobility of mind 4 power of attracting love, 
and winning fathful firends I always loved him, waites Sir 
Culbert Elliot to bis liocther Hugh, an] Romilly, who was not 
given to lavish praise savs “I have no doubt that m lus public 
conduct as mm his wiitings, he was desnous of doins good, that his 
ambition wv of the notlest hind and wnat he proposed to himself 
the noblest ends Wht mon favourable judgment could be 
poscd on an ambitions man! What tina epitaph could a states 
man dsue! 

‘The best edition cf Varabcaus woul s 1s thit published by Blanchard in 1822 
in 10 ols of which two contin ns Geut? «07 ties es from this collection how 
cver many of his Jess important works ant the Mon irchie Prusstenne in 4 vals, 
14S ate omitted Fer his hfe consi lt Verakau Wemorwesr am ca cre litter aere 
et pruee 4xcl8 1924 and what is of most impottan ¢ Vemowes brogr aphrgues 
hitter ures et politiquesd Virabeauecrt «yar lu meme 2a) son pere son oncie et 

n plead pf which was issued by Mo Tucasde VM ontiiy indvols Pars 16.4 
S calso Dumcnt Soutenirs seo Mirabean 1832 Duval Soutenns cur Miralsau 
183 Victor Huge Ftude tur Mirabeaw 1534 Me-abeaws Jugendleben Breslau, 
183) Schnedewin Aftradbsau uni cere Zert Leips 1831 Mirabeau a [tte Hes 
t rv London 1845 The publication of the Correspondance entre Mi ibe w ef le 
C mt fe la Marc by Ad Bacout 2 vols 155) marks an cpoch in our exact 
hnowle ige of Mu ibeau and his career The most useful modem hoks tn | ous 


de Toménie Let Merabeau 1578 winch however chiefs treatacf In father and 
une) Ph Plan Un C lator iteur de Afe ateau (S74 treating of Tevbar and 


| thiowim, mfnite light on Mrrabeaus mode of work and lasth H heynald 
 Miraleiuet a Constttuante 187) On hia eloquence and the share his cullabera- 


tors hid in hws speeches ote Aulard J fesemblee Constituante 1482 For his 
death sce the curious brochure of hus physician Cabanis Journal de la maladw 
et de la mort de Marabeau Pars, 1791 (A MS) 
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MIRABEAU, Victor Riqvut1, Marquis peg (1715- 
1789), himself a distingmshed author and political econo 
mist, but more famous as the father of the great Mirabeau, 
was born at Pertuis near the old chateau de Mirabeau on 
October 4, 1715 He was brought up very sternly by his 
father, andin 1729 joined the army He took keenly to cam 
paigning but never rose above the rank of captaim, owing 
to lis bum unable to get leave at court to buy a regiment 
In 1737 he came mto the family property on his father s 
death, and spent some pleasant years till 1743 1n hterary 
companionship with his dear fmends Vauvenargues and 
Lefranc de Pompignan, which might have contmued had 


he not suddenly dutermimed to marry—not for money, but ' 


for landed estates The lady whose property he fancied was 
Marie Genevieve, aaughter ofa VM de Vassan, a biigadier n 
the army, and widow ot the Marquis de Saulveba.uf, whom 
he manucd without previously seang her on April 21, 1743 
While in garrison at Bordcaus, Viarabeau had made the 
acquuntance of Montesquicu, which may have made him 
tuin his thoughts to political speculations anyhow it was 
while at lusure afte: retuimg from the army that he wrote 
his first work, his Testament Polrtique (1747), which 
demanded for the prosperity of France a 1eturn of the 
Fiench noblesse to then old position m the Middle Ages 
This work, written under the mfluence of the feudal ideas 
impressed upon him by his father, was followed in 1750 
by a book on the Ctelete des Ktats Provencaur, full of 
really wise considerations for local self government, which 
was published anonymously, and had the honour of being 
attiibuted to Montesquieu himself In 1756 Murabeau 
made his first appeatance as a political economist by 
the publication of his Ame: des Hommes ou tracte de 
la zopulation This work has been often attributed to 
the influence, aud mm part even to the pen, of Quesnay, the 
founde: of the economical school of the physiocrats, but 
was ically written bcfore the marquis had made the 
acquaintance of the physician of Madame de Pompadou 
In 1760 he published hi, Zheorte de 7 Imprt, in which he 
attacked with all the vehemence of hiv son the farmers 
general of the taxes, who sot him imprisoned for eight 
days at Vincennes, and then exiled to his country estate at 
Bignon it Bignon the school of the phy»iocrats was 
really established, and the marquis surrounded himself 
with devotees, and eventually in 176) bought the Journal 
de lagruulture du commerce, et des finanes, which became 
the organ of the school He was distinctly 1ecog 
nized as a leader of political thinkers by Prince Leopold 
of Tuscany, afterwaids emperor, and by Gustavus IIT 
of Sweden, who in 1772 sent him the grand cross of 
the orde: of Vasa = But the period of his happy hterary 
hfe was ovu, ind his name was to be mised up m 
a long scandalous lawsuit Naturally his mariaze 
had not been happy, he had separated from his wife 
by mutual consent mm 1762, and had, he believed, 
sccured her safely in the provinces by a Icttre de cachet, 
when in 1772 she suddenly apperred in Paris, and soon 
afte: commenced proccedinss for a separation The poor 
maryuis did not huow what to do his sons were a great 
trouble to him and it was one of his own aaughters who 
had encourayed his wife to take this step Yet he was 
determined to keep the case quict 1f possible for the sake of 
Madame de Pailly a Swiss lady whom he had loved since 
1756 But his wife would not let him rest her plea was 
rejected in 1777, but she renewed her suit, and though 
the great Mirabeau had j leaded his fathers case, was suc 
cessful m 1781, when a deuce of separation was pro 
nounced This trial had quite broken the health of the 
marquis as well as his fortune he sold his estate at 
Bignon, and hired house at \rzgentcuil, where he lived 
quietly till his death on July 11, 1749. 
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For the whole family of Mirabeau, the one book to refer to 1s 
Louis de Lomenie’s Les Mirabeau, 2 vols , 1878, and it 1s greatly to 
be regretted that the talonted author did not live to treat the lives 
of the gieat Mirabeau and his brother See also Lucas de Mon 
tigny s Memozres de Mirabeau, and, for the marquiss economical 
views, De la Vergne’s Economastes francais du 18™ siecle 

MIRAGE See Lieut, vol xiv p 600 

MIRAMON, Micurt, a Mexican soldier of French 
extraction, was born in the city of Mexico, September 29, 
1832, and shot along with the emperor Maximilian at 
Queretaro, June 19,1867 While still a student he helped 
to defend the military academy at Chapultepec against the 
forces of the United States, and, entering the army in 1852, 
he rapidly came to the front during the civil wars that dis 
turbed the country It was Jai gely due to Miramon s support 
of the ecclesiastical party against Alvarez and Comonfort 
that Zuloaga was raised to the presidency, and in 1859 he 
was called to succeed him in that ofhce Decisivcly beaten, 
however, by the Liberals, he fled the country m 1860, and 
spent some time in Europe earnestly advocating foreign 
intervention in Mexican affairs , and when he returned 1 
was as a partisan of Maxmlian His ability as a soldier 
was best shown by his double defence of Puebla m 1556 

MIRANDA, Francesco (1754-1816), was born at 


| Santa Fe m New Granada in 1754 He entered the army, 


and served against the English in the American War of 
Independence The success of that war inspired him 
with a hope of bemg the Washington of his own country, 
and a behef that the mdependence of Spanish America 
would increase 1ts material prosperity With these views 
he began to scheme a revolution, but his schemes were di» 

covered and he had only just time to escape to the United 
States Thence he went to England, where he was intro 

duced to Pitt, but chiefly ved with the leading members 
of the opposition—Fox, Sheridan, and Romilly Finding 
no help in hip revolutionary schemes, he travelled over the 
greater pert of Europe, notably through Austria and 
Turkey, till he ariived at the court of Russia, where 
he was warmly received, but from which he was dismissed, 
though with rch presents, at the demand of the Spanish 
ambassador, backed up by the envoy of France The news 
of the dispute between England and Spain about Nootka 
Sound in 1790 recalled him to Ingland, where he saw 
a good deal of Pitt, who had dete:mined to make use 
of him to “insurge the Spanish colonies, but the peaceful 
arrangement of the dispute again destroyed his hopes In 
April 1792 he went to Pars, with introductions to Pétion 
and the leading Girondists, hoping that men who were work 
mg so hard for their own freedom might help his country 
men in South America France had too much to do m 
fighting for 1ts own freedom to help others , but Muanda’s 
friends sent him to the front with the 1ank of gencral 
of bgade He distinguished himself undu Dumouriez, 
was intrusted in February 1793 with the conduct of the 
siege of Vaestricht, and commanded the left wing of the 
French army at the disastious battle of Neeiwinden 

Although he had given notice of Dumouniezs projected 
treachery, he was put on his trial for treason on May 12 
He was unanimously acquitted, but was soon again thiown 
into prison, and not released till after the 9th Thermudor 
He again mingled in politics, and was sentenced to be 
deported after the struggle of Vendemiaire et he escaped, 
and continued in Paris till the coup detat of Tructidor 
caused him finally to take refuge in England He now 
found Pitt and Dundas once more ready to listen to him, 
and the latter sent a special minute to Colonel Picton, 
the governor of Trinidad, to assist Gencral Miranda’s 


| schemes in every possible way, but, as neither of them 


would or could give him substantial help, he went to the 


; United States, where President Adams gave him fair words 


but nothing more (nce more he returned to England, 
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where Addington might have done something for him but 
for the signature of the peace of Amiens in 1802 At the 
peace, though m no way amnestied, he returned to Pars, 
but was promptly expelled by the First Consul, who was 
then eager to be on good terms with the court of Spain 
Disappointed m further efforts to get assistance from 


England and the United States, he decided to make an | 


attempt on his own responsibility and at his own expense 
Aided by two American citizens, Colonel Smith and Mr 
Ogden, he equipped a small ship, the “Leander,” in 1806, 


| 


and with the help of the English admiral Sir A Cochrane | 


made a landing near Caracas, and proclaimcd the Colombian 
republic He had some success, and would have had more 
had not a false report of peace betwecn France and 
England caused the English admiral to withdraw his 
support At last in 1810 came his opportunity the 
events im Spain which brought about the Peninsular 
War had divided the authorities in Spanish Ameuica, some 
of whom declared fo. Joseph Bonaparte, others for 
Ferdinand VIL, while others again held to Charles IV 
At this moment Muanda again landed, and had no difficulty 
in getting a large party togcther who declared a republic 
both in Venezucla and New Granada or Colombia But 
Miranda’s desire that all the South American colonies should 
1ise, and a federal 1epublic be formed, awoke the selfish 
ness and pride of individual provincial admimustiations, 
and thus weakened the cause, which further was believed to 
be hateful to heaven owing to a grcoit carthquake on 
March 26, 1812 The count of Monte Verde, the Bourbon 
governor, had little difhculty in defeatimz the dispirited 
forces of Miranda, and on July 26 the general capitulated 
on condition that he should be deported to the United 
States The condition was not observed, Miranda was 


moved from dungeon to dungeon and died in 1816 at Cadiz 

There are allusions t» Mnaudas carly life in nearly all memoirs of 
the time, but they arc not generally very accurate For his tii see 
Bucher et Roua, Aistowe Lorlenentouc, \xvu. 26 70 For lus 
later lifesee Bizgs, Histery of Uuandas Attempt in S uth Amerua, 
London 1809, and Vezzasi Acvolucion de la Columbia 


MIR\ANDOLA See Pico 

MIRKHOND (1433-1495) Viohammed bin Khawand 
chah bm Mahmud, commonly called Markiwand or Muk 
hawand, more familiar to Emopeans unde: the name of 
Muhhond, was born in 1438, the son of a very pious and 
learned man who, although belonging to an old Bokhara 
family of Sayyids o: direct desccndints of the Prophet 
livcd and died in Balkh = From his cauly youth he apphed 
himself to histonical studies and lteratuie in genaial = In 
Herat, where he spent the cater part ot his lite, he gained 
the favou of that famous patron ot lettus, Mir‘ Alshn 
(born 1440), who served his old school fellow the reigning 
sultan Husain (who as the list of the Timuudes in Persia 
ascended the thone of Hut in 1465) fst as hupu 
of the seal, afturwards as goveino: of Juju At the 
request of this distmguished statesmm and wiltel’ 
Mukhond began about 1474, in the quet convent of 
Khilisiyah, which his pation had founded m Hert asa 
house of retreat for htciary men of ment, Ins gicat work on 
wnivcrsal history, the lagest ¢va1 wutten m Pasian ind 
to the present day an inexhaustible muve of inform ition 
both to Eastern and Western ccholas It 1s named 
Rauzat wsatd no svat ulaniia walmulak uallhulata or 
Gaiden ot Purity on the Broyraphy ot Prophets, Amys, and 
Cahphs That the author has made no attempt ata cutnal 
exanunation of historical traditions can scarcely be called a 
peculiar fault of his, smce almost all Ouental wiiters are 
equally deficient in sound cuticism , more censurable Is his 


1 Mir Ahshir not only evcelid a poet both m Chighita, im 
which his epopees gamed him the foremost rink among the classic 
writers in that language, and im Peisian, but comp «d an excellent 
tadblirah or biogiaphy of contemporary Persian poets 
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flowery and often bombastic style, but in spite of this draw- 
back, and although, in our own age, the discovery of older 
works on Asiatic history has diminished to some extent 
the value of Mirkhond’s Rauzat, 1t still mamtains its high 
position as one of the most marvellous achievements m 
literature from the pen of one man, and often elucidates, by 
valuable text-corrections, various readings, and important 
additions, those sources which have lately come to light 
It comprises seven large volumes and a geographical ap- 
pendia , but internal evidence proves bey ond doubt that the 
seventh volume, the history of the sultan Husain (1438- 
1505), together with a short account of some later events 
down to 1523, cannot have been witten by Murkhond 
himself, who died in 1498 He may have compiled the 
preface, but the main portion of this volume is probably 


, the work of his grandson, the equally renowned historian 


hhwandamir (1475-1534), to whom also a pait of the 
appendix must be ascribed 


Ihe following 1s a summuy of the contents of the other six 
volum-- Vol 1 Preface on the usefulness of historical studies, 
histo1y of the creation, the 4 atu1archs, prophets a1 1 rulers of Israel 
down to Christ, and the Per 12n kings fiom the mythical times of 
the Pushdidians to the Arab conquust und the death of the last 
Sasaniw \azdaprd HI m304H (06514 Dp) Vol iu Mohammed, 
Abubehr Omar, ‘Othmiu, and ‘Ah. Vol im The twelve imams 
and the Omayyadand Abtusid caliphs down to 656 1 H (12584 D ) 
Vol iv The mimon dy nasties ccntemporary with and subsequent to 
the Abbisids, down to 778 1. H (1376 1D) the date of the over- 
throw cfthehurdsby Timur Vol. The Moghuls down to Timur! 
time Vol vi Timuwi and his successois down to Sultan Husain s 
acc sslonin 873 AH (1468 1D) ‘The best accounts of Muhkhond’s 
hfe ac De Sacys ‘ Notice sur Mukhond in his Memoares sur 
diverses antryzurtes de le Ferse, Faris 1793, Jourdums ‘ Notice de 
] hnstoue univciselle de Mirkhond ’ in the Voties et Fatrarts, vol 
1. Paris 1812 (together with a translation of the preface the history 
of the Ismaihans, the conclusion of the sixth volume, and a portion 
of the appendix) Tlhot, History «7 Jidia, vol iv op 127 sq, 
Morley, Descript re Catal que London 184,17 057 Rieu, Cat 
of Persian VSS fthe Brit Wu vol 1 London 1879 p 8% sg 

| Mukhond’s pation Mun Alishir to whom the Rausit 1s dedicated, 
| dud three years after him (1501). 

Besides the hthogiaphed editions f the whole work in fclio Bombay 1833 and 
Teherin JS ( and a lwukish version Constantinople 1942 tle following 
p rtions of Mirkhonds history hive been yubhshed by Luroy ean Onentalists 
Ea yhiry of Perua by D Sher Londen 1s ? (Onental Lranslation bund), 
LHwvtor d lad nistie les Sasuzti =o bv Ss de Sacy (in the above mentioned 
Me ov ) INstowe de Sassaud (tatefe a) by Janbert lan 184 Hes 
tc ztprto in raumiersaru lLers andLat by Jens! Vienna 1752 Jf chonds 
Aust 21a Tiderta um Las and Lit by Mitscherhk Gottingen 1814 2d ed, 
Berlin 181) Arstorez Samanitartn Pers and Lat by Wihen Gottmgen, 
0S) ft torre 2s Suvaniles tharslite] by Defiemery Tans ldo Hester 
Cha nevidvum Pers inilat by Wilken Lalu 18 ) Cecchtchte der Sultane aus 
d ut Ges hlecli: Buyyeh Pers ind Gcrmar bv Wilken Beilin 153. follcwed by 
Fidminns Briaut 1a yund ZL) yan ung hasan 1836) HMtstores Seldschuchidar um, 
ci Valls Ciessen 18 7 ard 2 German tiansla cn by the same Ht towe des 
Sultt dt Ahuez m esan by Defiemery Ears 1642 History of the 
{tsheks ot Suria ani Ter it ain Fersian ty W Malev Icndon 1848 Hustorea 
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MIROPOLIE, 2 town of Rusua, situated im the govern 
ment of Kursk distuct of Suja, 63 miles south west of 
Kwish and 25 miles from the Sumy 1alway station It 
1s supposed to have been tounded in the 17th century, 
when 1t was fortified azamst the raid. ot Tartar, The 
fertility of the soil kd to the settlement of large villages 
close by the fort, and the 10,800 inhabitants of this town 
are still engaged mostly m agqixultue There 1s also an 
extensive manufacture of boots 

MIRROR It is only since the early pait of the loth 
centmy that mirrois have become aiticles of household 
furniture and decoration Previous to that time—fiom the 
12th to the end of the loth centuy—pocket mimiors or 


| small hand mirrots carned at the midle ware mdispensable 


- adjuncts to ladies touets 


The pocket minors consisted 
of small ercula: plaques of polished metal fixed in a shallow 
encular box, covered with a lid = Varro cases were chiefly 
made of ivory, carved with relef representations of love 
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or domestic scenes, hunting, and games, and sometimes 
illustrations of popular poetry or romance Gold and 
silver, enamels, cbony, and other costly materials were 
likewise used for miriur cases, on which were lavished the 
highest decorative cfforts of art workmanship and costly 
jewelling The murrors worn at the girdle had no cover, 
but were fuinished with a short handle In 623 Pope 
Boniface IV sent Queen Ethelberza of Northumbna a 
present of a silver minor, and there is ample evidence 
that m carly Anglo Saxon times murors were well known 
my land It 1s a1emarkable fact that on many of the 
sculptured stones of Scotland, belonging probably to the 
7th, Sth, or 9th century, representations of mirrors, mirror 
cases, and combs occur 

The method of baching glass with thin sheets of metal 
for minors was well known in the Middle Ages at a time 
when steel and silver murors were almost caclusively 
employed Vinecnt de Beausus, writing about 1250, says 
that the mimor of sls and lad 1s the best of all “quia 
vitrum propter transparentiam melius recipit radios — It 
1» known that small convea muroiy were commonly made 
in southurn Germany before the bezinning of the 16th 
century, and these continued to be m demand under the 
name of bullseyes (Ochsen Augen) till comparatively 
modein times They were made by blowin small globes 
of glass into which while still hot was passed through 
the pipe a mixture of tin antimony, and resin or tar 
When the lobe was entirely covted with the metallic com 
pound and cooled 1t wis cut ito convex lenses, which of 
couse formed small but well defincd images It appears 
that attention was diawn to this method of making mirrors 
mm Venice 1s eaily as 1217 im which year a “ Mayister de 
Alemania who kncw how to work gliss for mirrots, broke 
an azieemcnt he had mide to mstruct three Venetians, 
leavin m their hands a lai.e quantity of mixed alum and 
soot fo: which they could find no use 

It was, however, i Venice that the making of glass 
miriors on a commerciil scile was first developed and 
that enteipiising republic enjoyed a rich and much prized 
monopoly of the manufacture for about a century and a 
half In 1907 two imhabitants of Murano, 1epresenting 
that thcy possessed the secret of making perfect murrors 
of glass, a knowledge hitherto confined to one German glass 
house obtained an exclusive privilege of manufacturing 
mirrors for a petiod of twenty years In 1964 the mmo 
makers of Venice, who enjoyed peculiar privileges, formed 
themselves into a corporation The produts of the 
Murano glass houses quickly supplanted thc nurrors of 
polished metal, and a large and lucrative tiade in Venetian 
glass mirrors sprang up The} were made fiom blown 
cylinders of glass which were slit, flattened on a stone, 
carefully polished, the edges frequently bevelled, and the 
backs “‘silvered byanamalgam The glass was remarkably 
pure and uniform, the “silverng bmght, and the sheets 
sometimes of considerable dimensions In the inventory 
of his effects made on the death of the great French 
minister Colbert 13 enumerated a Venetian mirior 46 by 
26 inches in a silver frame, valued at $016 hivres, while 
a picture by Raphacl 1s put down at 3000 livres 

The manufactme of glass murors, with the aid of Italian 
workmen, was practised in England by Sir Robert Mansel 
early in the 17th century, and about 1670 the duke of 
Buckingham was concerned in a glass work at Lambeth 
where flint glass was made for looking glasses These old 
English mirrors, with bevclled edges in the Venetian 
fashion, are still well known 

The Venetians guarded with the utmost jealousy the 
secrets of their varied manufactures, and gave most excep 
tional privileges to those engaged in such industries By 
their statutes any glassmaker carrying his art into a 
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foreign state was ordered to return on the pam of 
imprisonment of his nearest relatives, and should he 
disobey the command emussaries were delegated to slay 
the contumacious subject In face of such a statute 
Colbert attempted in 1664, through the French ambassador 
in Venice, to get Venetian artists transported to France to 
develop the two great industries of mirror making and 
point la working The ambassador, the bishop of 
Béziers, pointed out that to attempt to send the required 
artists was to court the nsk of bemg thrown mto the 
Adnatic, and he further showed that Venice was selling to 
France mirrors to the value of 100,000 crowns and lace to 
thee or four times that value Notwithstanding these 
circumstances, howevei, twenty Venetian glass minor 
makers were sent to France in 1665, and the manufacture 
was begun under the fostering care of Colbert in the 
Taubowg St Antoine, Paris But previous to this the art 
of blowing gliss fo. mirrors had been actually practised at 
Tour la Ville, near Cherbourg, by Richaid Lucas, Siew de 
Nehou, in 1653, and by the subsequent combination of 
shill of both establishments Trench mirrors soon excelled 
in quality those of Venice The art received a new impulse 
im Fiance on the introduction of the making of plate glass, 
which was discovered in 1691 The St Gobain Glass 
Company attribute the discovery to Louis Lucas of Nehou, 
and ovei the door of the chapel of St Gobain they have 
placed an inscription in memory of “ Louis Lucas qui in 
venta in 1691 le methode de couler les glaces et installa Ja 
manufacture en 1695 dans le chateau de Samt Gobain 

Manufacture —lle term slvering as apylied to the forma 
tion of a metallic coating on glass fo. ,1\1m, 1¢ the y10perties of a 
muror wis till quite recently a misnomer seeing that till about 
1840 no silver was used in the process Now however a laige 
proportion of miziois aic made by dey ositing on the glass a coating 
of pure silver ani the old amalgamation process 13 comparativ¢ ly 
little usc 

The p1 9cess of amalgamation consists in applying a thin amalgam 
of tin anl meicuiry to the surface of glass which 1s done on a 
perfectly flat an! horizontal slab of stone beddcd in 9 heavy iron 
bound woolen frane with a gutter running 1ound the outer cd, 
On the surtace of this table which must le perfe tly smooth and 
level 1s spread a sheet of thin tin foil somewhat Jai.c1 than the glass 
to be oyeratel on and after all folds an1 creases have been com 
j letely 1emoved eby means of stiohing and beatin, with a covered 
wooden rubber the yrocessof quichkemin, the foilis commenced 
A small quantity of meicury 1s dubbed Jizhtly and quickly over the 
whole surface ad the scum of dust umyure tin and mercury 13 
taken off Mercury 1s then poured upon the quichencd foil until 
thete 1s a body of 1t suthcicnt to float the glass to Le silvere 1 (about 
} inch dcey) and the edge at one of the sides havin, b en cleared 
ot the scum pccuhar to meicury, the glass (sc.upulously cleaned 
simultaneously with the above oa) 18 slid fom that side over 
the surface of the mercury Weights ue } laced ove the surface 
until the greater part of the amalgamated mercury 1s piessed out, 
the table 1s then tilted diagonally by means of dumb sciews and 
all suyerfluous meicury finds its way to the gutter ‘The glass 
15 left twenty four hours under weights 1t 1s then turned over 
silvered side up and 1emoved to a draine with incliming shelves, 
where by slow degrees, as 1t dries and hardens 1t 15 brought toa 
vertical position which 1n the case of larze sheets may not be 
arrived at m less than a month ‘This process yields excellent 
results producing a brilliant silver white metallic lustre which 18 
only subject to alteration by exposuie to high temperatures, or by 
contact with damp surfaces but the mercurial vapours to whic 
the workmen are cxposed give rise to the most distressing and fatal 
affections 

In 1885 Baron Licbig observed that on heating aldchyde with 
an ammoniacal solution of nitrate of silver, in @ glass vessel a 
biilhant deposit of metallic silver was formed on the surface of the 
glass To this observation 1s due the modein process of silvering 
glass In practice the process was introduced about 1840, and it 
~~ now carried on, with several modifications, n two distinct ways, 


to be silvered 18 cleaned thoroughly with wet whiting, then washed 
with distilled water, and prepared for the silver with a sensitizing 
solution of tin, which 1s well mnscd off 1mmediately before its 
removal to the silvering table The table being raised to the 
proper temperatuie, the glass 1s laid, and the mlvermg solution at 
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once poured over it, before the neat of the table has time to dry 
any part of the surface of the glass The solution used 18 prepared 
as follows —in half a htre of distilled water 100 mammes of 
nitrate of silver are dissolved, to this there 1s added of liquid 
ammonia (sp gr 0 880) 62 ae the mature 1s filtered, and 
made up to 8 litres with distilled water, and 7 5 grammes of tartaric 
acid dissolved in 30 grammes of water are nixed with the solution 
About 2 5 litres are poured over the glass for each superhicial metre 
to be silvered he metal immediately begins to deposit on the 
glass, which 1s maintained at about 40°C (104° F ), and m hitile 
moze than half an hou a continuous coating of silver is formed 
The silvered surface 1s then cleaned by very cautiously wiping with 
a very soft chamois 1ubber, and treated a second time with a 
solution like the first, but contammmg a double quantity of taitaric 
acid This soution 1s applied in two portions and thereafter the 
glass 1s once mote carefully cleared of all unattached silver and 
refuse and removed to a side room for backing up 

In silvering by the cold process advantage i» taken of the power 
of inveited sugai to reduce the nitrate of silver I'his process has 
been ae for the silvering of murrors for astronomical tulescopes 
notably for Leveriici 8 great telescope in the Pans Observatory hor 
oe murror silvering the following 1s the process recommende L 
by H Benrath Iwo solutions aie prepared, the first ot which 
contains the silver salt and the second the sugat preparation 1o1 
the silver solution 800 grammes of nitrate of silver and 1200 grammes 
of nitrate of ammonium are dissolved in 10 litres of watci and 1 3 
kilos of pure caustic soda im 10 litres of water, and of each of those 
solutions 1 litre 1s added to 8 litres of water, which 1s allowed to 
rest till the sediment forms and then decanted ‘The second solu 
tion—inveit.d sugai—is prepared by dissolving 150 grammes of loaf 
sugat with 15 giainmes of vinegar im 0 o htre of wate, and boiling 
the solution for halfan hour After cooling 1¢ 1s made up with wita 
to 4200 cubic centimetres ‘The silvering 15 donc on horizontal 
tables in a well lizhted and moderatcly heated apartment and the 
glass 1s claned with sciupulous care or cach square centimetie 
of glass opetated on 15 cubic centimetres of the silver solution 
above desciibed aie measured out and fiom 7 to 10 per cent of 
the solution of inverted sugar 1s added, both being quickly stirred to 
gether and poured rapidly and evenly over the glass The 1eductior 
mmmcdiately begins, and the solution exhibits tints passing through 
lost violet, and black, till in about seven minutes 1t again become 
transparent and the deposit of metalis complete Thuis first deposit 
13 cxtiemely thin, and allows the transmusion of bluish 1ays 
The exhausted solution with floating and unattached dust like 
granulcs of silver 1s carefully wiped off the silvered surface washed 
with distilled wate: and again theated with the mixed solutions to the 
extent of half the quantity used in the firstappliation The fished 
surface 1s wiped and washed in the most thorough manner —fo1 
the least trace of caustic soda left would destioy the mirror The 
further processes are the same in both methods of silvering 

The deposit of silver on glass 1» not so adharent and unalte: 
able under the mfluence of sunlight and sulphuious fumes as 
the tin mercury amalgam, and motzeover 1eal silvered glass has a 
slightly yellowish tinge These defects have beeu overcome by a 
plocess introduced by M Lenoir, which consists of brushing ove1 
the silvered surface with a dilute solution of cyanide of mercury 
which instantaneously fo1ming a kind of amalgam 1enders the deposit 
at onco much white: and more firmly adherent than betore To 
protect the thin mcetallx film from mechanical mjury and the 
chemical action of gases and vapours, it 18 coated with shellac 
o1 copil vainish, over which when diy are apphed two coatings of 
red lead paint 

Platnum Murrors —A chexy process of preparmy murror glass 18 
to some extent prostcuted in anes, whereby a thin but very 
adhercut deposit ot platinum 1s formed on the glass A solution of 
chloude of platinum with a proportion of lithaige and borate of 
lead dissolved in essential oil of spike 1s applied with a brush to 
well cleaned glass, which 1s then placed on edze in a muiile furnace, 
and the platinum 1s thus burned in, forming an exceedingly thin 
but bulhant metallic backing having a somewhat giey lustic Tt 
1s used only for the lids of cheap boxes, toys ornamental letters &c 

Magic Wirrors —Hand muiois of metal are still in common ust 
in Onental counties, and especially in Japan and China they con 
tinue to be the provalent form of looking gliss In the former 
country wndeed bronze mirrors ie articles of the mcatest impoi tance 
in the gunerally meagre furnishing of houses, aud besides pam 
a ichigious signifi ince They have been known and used from 
the most remote piriod, mention of them bung found mm Chinese 
literature of the 9th century The Oe cai fist made Jayanese 
mutor preserved at Is, 1s an object of the lughest veneration in 
Japin, and an ancient mirio connected with which 1s a tradition 
to tho effect that 1s was given by the sun goddess at thc foundation 
of the empue, 15 a prnerpal aiticle of the Japanese regalia ‘The 
nurrors of Japan vary in form and size, but in general the} con 
sist of thin disks, from 3 to 12 inches in diimetet, of speculum 
metal with handles cast m one piece The polished face of the 
mirror 1s slightly convex in form, so that a reflected image 18 see? 
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proportionately reduced m size, the back of the disk 1s oceumed 
with characteristic Japanese ornamentation and imscmptions in 
bold relief, and its rum 1s also 1aised to the back Much attention 
has been attracted to these mnrors by a singular physical peculi 
arity which in a few cases they are found to possess ‘These are 
known as magic mirrors from the fact that when a strong beam of 
light 13 reflected from then smooth and polished surface, and 
thrown on a white scrcen an image of the raised ornaments and 
characters on the back of the mimo is formed with mote o1 less 
distinctness in the disk of light on thescieen This pecullanty has 
at no timc been speciall ot served by the Japanese, but in China it 
attiacted attention ww early as the llth century, and murors 
possessed of this propelty sell umong the Chinese at ten or 
even twenty times the pie sought for the ordinary non sensitive 
examples The tiue explanation of the mac muror was first 
sus,ested by the French physicist Person who observed that 
the reflecting surface of the muirrois was not umfo1mly convex, 
the poitions opposite iehef suifaces being plane There 
fore as he says, the rays reflected fiom the convex portion 
diverge and give but a feebly wlummated image, while on 
the contiary the rays reflected from the plane portions of the 
mu1o1 preserve then parilelism, and appear on the scieen as an 
image by reason of then contrast with the feebler 1umuination of 
the rest of the disk § That such differences of plane in the mirror 
surface arise 1s an accidental cucumstance due to the manner mn 
which 1t 1s yrepared, a process explained by Professors Ayrton and 
Perry, by whom ample details of the history, process of manu 
facture and composition of Oriental mirrors have been published 
A preliminary operation in polishing the surface consists of scoring 
the cast disk in every duection with a sharp tool The thicker 
portions with 1elief ornament offer more resistance to the pressure 
of the tool than the thin flat portions, which tend to yield and form 
at fist a concave surface, but this by the 1eaction of its elasticity 
rises afterwards and forms 2 slightly convex surface while the more 
rigid thich portions are comparatively little affected This urregu 
lanty of surface 1s mconspicuous im ordinary hght, and does not 
visibly disto1t umages but when the mirror reflects a bnght light 
on a screen the unequal 1adiation 1endeis the minute differences of 
surface obvious & m,enous theory of Person has been estab 
lished by expe1ments communicated by M Gov to the academ 
of ‘lurim in 1864 69, and more recently by mvestigations of M 
Beitin and Dubosq See Annales de Chime et de Physique (oth 
ser, vol xx } (J PA) 
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The muioi of classical antiquity (karowrpoy speculum) was 
a thin dish of bronze ae convex on one side and polished, 
usually provided with a handle sometimes mounted on a stand 
in the form of a female figmie (see CosTUME, vol vi p 458, 
fig 1) sometimes faed inside a circular bronze case The 
common size 1s thit of an ordinary hand mimo: kxamples 
large enough to take im the whole figure appear to have been 
rare Muriois of glass are mentioned, and though none of them 
have been found then existence need not be questioned altogether, 
since the process of silve1ing occasionally employed on bronze mirrors 
suggests that an analogous process may have been applied to glass 
But the very large number of murrors still existing from antiquity 
shows that bionze was the regular mitemal employed The alloy 
known as speculum piod1 inga ve1y hard metal with great reflecting 
power, 1s compatatively seldom met with Silver mirrors are men 
tioned, but none have as yet been found 

The principal feature of ancient muiois, espucially those of 
Etrurm, 1» the design incised on the bach (see LTnupPia, vol 
vil p 643) Whale twelve mcised specimens are all that are 
as yet hnown fiom Geece, the number found m Etraria must 
be nearly a thousand As a rule the subjects 1 vined are 
tahen fiom Gieeh mythology and legend, the names of the 
persons represented being fiequently added im Mtruscan letters 
and otthogiaphy In most cases the style of diawing, the types 
of the hgures, and the manner of composing the gioups are true 
to the charactenstus of Greeh ait Some my have been 1m- 
ported fiom Greece but the greater number appear to have been 
mote or less faithfully imitated fiom such designa ab occurred on 
the almost innumetable punted Greek vases which the Etiuscans 
obtained from Greece Even where distinctly Etruscan figures are 
mtioduccd, such as the heroes Alius and Calinus Vibenna on a 
murrot in the British Museum Gieekh models are followed lhe 
characteristics of Greek art here referred to date from a little before 
400 B¢ , and last for some time afte: In this prod would fall 
the myonty of the Etruscan muirrois and to this prtiod also belong 
the Greek incised miriors, among which may be mentioned tor ther 
beauty one representing Leucas ind Corimthus imsetbed with their 
names (engraved Afonuments Grecs, 1873 pl 3, published by the 
Association pow | encomagement des Ltudes Giecques , and another 
in the British Museum (Ga eéte zirch, 1 pl 27 on the bach of 
which 1s a figure of Kros which has been silvered over Wath this 
last mentioned mirror was found the bronze case uscd to contain 1t, 


